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Disclaimer

The information in this publication fseely available for reproduction and use by any recipient
and isbelieved to be accurate as of jiigblication dateSuch information is subgtto change
without notice andMEF Forum (MEF) is not responsibléor any errorsMEF does not assume
responsibility to update or correct any informatiorthis publication No representation or war-
ranty,expressed or implieds made by MEFoncerninghe completeness, accuracyamplica-
bility of any information containetierein and a liability of any kind shall be assumed MEF

as a result ofeliance uporsuchinformation.

The information contained herein is intended to be used without modifidagithe recipient or
user of thisStandard MEF is not responsible or liable for any modifications to 8&dardnade
by any other party.

The receipor any use of thiStandardor its contentgloes not in any way create, by implication
or otherwise:

a) any express or implied license or right to or under any pateptright, trademark or
trade secret rightseld or claimed by any MEF membehich are or may bassociated
with theideas, techniques, conceptsexpressions contained herein; nor

b) any warrany or representation that alyEF members will announce arproduct(s)
and/or service(s) related thereto, or if such announcenaeatsnade, that such an-
nounced product(s) and/orrgee(s) embody any or all of the ideas, technologies, or
concepts contaireherein; nor

c) any form of relationship between alEF member and the recipient or us#rthis
Standard

Implementation or use of specifMEF standards orecommendations andEF specifications
will be voluntary, and n&embershall be obliged to impleméthem by virtue of participation in
MEF Forum MEF is a nonprofit international organizatioto enable the development and world-
wide adoption of agile, assured aothestrated network servicddEF doesnot, expressly or
otherwise, endorsar promote ay specific products or services.
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1 List of Contributing Members

The following members of the MEF participated in the development ofSthisdardand have
requested to be inatled in this list.

i Bell Canada
1 FujitsuNetwork Communications
1 Nokia

2 Abstract

The Service Atributes of an Operator Layer 1 Service observable bayer 1 Usr Network
Interface andh Layer 1 External Network Network Interface are defined. In additiorGeihdce
Attributes of an Operator Accekayer 1Service between laayer 1 User Network Interfacnd
Layer 1 External Network Network Interfaeéd theService Atributes of an Operator Transit
Layer 1Service between a pair bhyer 1 External Network &twork Interface are defined. A
framework for defining specific instances of an Operator Layer 1 &eisalsodescribed.
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192 3 Terminologyand Abbreviations
193  This section defines the terms used in Si@ndard In many cases, the normative definitions to
194 terms are found in othe&tandard. In these cases, the third column is used to provide the reference
195 tha is controling, in other MEF or extern&tandard.
196 In addition, terms defined IMEF 63[26] are included in thiStandad by reference and are not
197 repeated in the table below.
198
Term Definition Reference
APS Automatic Protection Switching ITU-T G.709
[16]
El External Interface This Standard
ENNI Used within thisStandardfor brevity when refeing to | This Standard
an L1 ENNI.
External Interface | Either an L1 UNI or an L1 ENNI. This Standard
GCC(0,1,2) General Communication Chanr{idvel 0,1,2) ITU-T G.709
[16]

Hairpin Connec-
tivity

An Operator Transit L1VC whichés its two Operator
L1VC End Points in the value of the Operator L1VC
End Point List Service Attribute at the same ENNI

This Standard

HO OPUK/ODUk | An OPUk/ODUK which transportsiultiple LO This Standard
OPUk/ODUK

HO Higher Order This Standard

L1 ENNI Layer 1 ExternaNetwork Network Interface. This Standard

L1 Operator

An organization with administrative control over a ne
work and which prones services tordl1 Super Oper-
atoror toan L1 Service Provider

This Standard

L1 Super Opera-
tor

An Operatotthat uses other Operators to provide cory
nectivity toone of theDperator Layer 1 Virtual Conne
tion End Pointof its Operator Layer 1 Virtual Conneg
tion.

This Standard

Layer 1 External | The demarcation point markingda boundaryf respon-| This Standard

Network Network | sibility between two L1 Operators whose networks a

Interface operated as separate administrative domains.

LO Lower Order This Standard

LO OPUk/ODUK | An OPUk/ODUK which transports a single client prot| This Standard

col

ODuU Optical Data Unit ITU-T G.709
[16]

ODUk Optical Data UnHk ITU-T G.709
[16]

ODUk Path Optical Data Unik Path ITU-T G.709
[16]

ODU L1CI Optical Data UnitLayer 1 Charaeristic Information This Standard
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Term Definition Reference

OH Overhead ITU-T G.709
[16]

Operator Used within thisStandardfor brevity when referring to | This Standard

an L1 Operator.

Operator Access
L1VvVC

OperatorAccessLayer 1Virtual Connection

This Standard

Operator Access | An Opeator Layer 1 Service between a1l UNI and This Standard
Layer 1 Service an L1 ENNIL.
Operator Access | An Operator Layer 1 Virtual Connection with one Op This Standard
Layer 1 Virtual ator Layer 1Virtual Connection End Point ah&1 UNI
Connection and the other Operator Layer 1 Virtual Connection H

Point at @ L1 ENNI.
Operator L1VC Operator Layer 1 Virtual Connection This Standard
Operator L1VC Operator Layer 1 VirtuaConnection End Point This Standard
End Point
Operator Layer 1 | A connectivity servicgrovided by an Operator to & | This Standard
Service SuperOperator or to a Service Provideatdelivers

Layer 1 Characteristic Information between two Extg

nal Interfaces where at least oEgternal Interfacés an

L1 ENNI, specified usig the Service Attributes in thig

Standard
Operator Layer 1 | An association of two Operator Layer 1 Virtual Conn| This Standard

Virtual Connec-
tion

tion End Points that limits theansport of Layer 1
Characteristic Informatiobhetween those Operator
Layer1 Virtual Connection End Pointghere at least
one of the Operator Layer 1 Virtual Connection End
Points is at an L1 ENNI

Operator Layer 1
Virtual Connec-
tion End Point

Represents thefjical attachment of an Operator Layg
1 Virtual Connetion to a given External Interface.

This Standard

Operator Net-
work

A network used by the Operator to provide services
one or more Serge Providers or other Operators

This Standard

Operator Transit
L1VC

OperatorTransitLayer 1 Virtual Connection

This Standard

Operator Transit
Layer 1 Service

An Opeator Layer 1 Service between a1l ENNI and
another L1 ENNI.

This Standard

Operator Transit
Layer 1 Virtual
Connection

An Operator Lagr 1 Virtual Connection with one Op¢g
ator Layer 1 Virtual Connectioand Point ata L1
ENNI and the other Operator Layer 1 Virtual Conneq
tion End Point at another L1 ENNI.

This Standard

Operator UNI
Service Attribute

Operator UNI Servicéttribute values are agreed to b

the SrviceProvider'SuperOperatorand the Operato

This Standard

WD 0.34
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Term Definition Reference

Optical Data Unit | An ODUk frame of a BIFB encoded protocol. This Standard

Layer 1 Charac-

teristic Infor-

mation

OPU Optical Payload Unit ITU-T G.709
[16]

OPUKk Optical Payload Unik ITU-T G.709
[16]

OSMC OTN synchronization messaging channel ITU-T G.709
[16]

OoTL Optical Transport Lane ITU-T G.709
[16]

OTLk.n A group of n Optical Transport Lanes thatresone ITU-T G.709

OTUK [16]

OTN Optical Transport Network ITU-T G.709
[16]

OTSi Optical Tributary Signal ITU-T G.709
[16]

OTSIG Optical Tributary Signal Group ITU-T G.709
[16]

OoTuU Optical Transport Unit ITU-T G.709
[16]

OTUk Optical Transport Unik ITU-T G.709
[16]

Path Overhead The APS, GCC, TTI overhead fieldsaf ODUk This Standard

Shared ENNI An ENNI with Operator L1VCs supporting Subscribg This Standard
L1 Services for more than one Service Provigeper
Operator
SHO Super Higher Order This Standard
SHO An OPUK/ODUk which transportsultiple HO This Standard
OPUk/ODUK OPUK/ODUK
SNC/I Subnetwork Connection protection with Inherent mo| ITU-T G.709
toring [16]
SP/SO ServiceProvider/Super Operator This Standard
Super Operator Used within thisStandardfor brevity when referring to | This Standard
an L1 SuperOperator.
TS Tributary Slot ITU-T G.709
[16]
TTI Trail Trace Identifier ITU-T G.709
[16]
Table 1 — Terminology and Abbreviations
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4 Compliance Levels

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED", "NOT RECOMMENDED", "MAY",
and 'OPTIONAL" in this Standardare to be interpreted as described®®@P 14 RFC 21199],
RFC 8174[11]) when, and only when, they appear in all capitals, as shownAlekey words
must be in bold text.

Items that areREQUIRED (contain the word®1UST or MUST NOT) are labeled afRx] for
required Items that areRECOMMENDED (contain the wats SHOULD or SHOULD NOT)
are labeled afDx] for desirable ltems that ar@OPTIONAL (contain the wordMAY or OP-
TIONAL) are labeled agOx] for optional

5 Numerical Prefix Conventions

This Standarduses the prefix notation to indicate mpliier values asrown inTable2.

Decimal Binary

Symbol | Value | Symbol | Value
Kk 10° Ki 210

M 10° Mi 220

G 10° Gi 230

T 102 | Ti 240

P 10" | Pi 2%0

E 10® | Ei 200

YA 107t | zi 270

Y 107 | Yi 280

Table 2 — Numerical Prefix Conventions
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214 6 Introduction

Operator Layer 1 Service Attributes and Services

215  This Standarddescriles Operator Layer IL1) ServiceAttributes for services provided tmal
216  Service Provide(MEF 63[26]) or L1 SuperOperator by a L1 Operator using an Operatbt
217 Virtual Connedbn (L1VC) (Section8.4). An L1 Operator is a organization with aginistrative
218  control over a n&tork and which povidesL1 Savices An L1 Super Operator isnd.1 Operator
219 that usesther L1 Operators to providemnectivity to its OperatolL,1VC End Points(Section
220 8.5). In this Standard an L1 Service Provider and L1 Super Operator are referred 8ensce
221 Provider and Sper Operator, respectivelfpr brevity. Collectively, they are referred &s SP/SO.
222 An L1 Operator is referred to as Operator for brevity.

223 The Operator L1Service Attributeobservable atraL1l User Network InterfaceldNI) and L1
224  External NetworkNetwork Interface ENNI) arealsodefined which will be referred to as UNI
225 and EMNNI, respectively, for brevity in the remainder of tl8&ndard In addition, theService
226  Attributes of an OperatagkccessL1 Service between a UNI afENNI and theService Atributes
227 of an OperatofransitL1 Service betweea pair ofENNIs are defined.

228  An Operator Network isaetwork used by the Operator to provide servicesigor mor&P/SG.
229 IntheFigurel example Operators C and E provide Access L1 Serviblse) interconnected by
230 the Operator D TraitsL1 Service(brown) at ENNIs 1 and 2Together, the tlee Operator L1
231 Services fornthe connectivity between UNIs 1 and 2 for the Subscriber L1 S€MIEE 63[26])
232 provided by the Service Providevhich interconnects thevo locationf the Subscriber Network
233 (SN).

Service Provider
Network

Operator C Operator D Y)perator E
SN

Access L Transit L1 Access L1
L1 Serwce LI\, Service /L1

UNI 1 ENNI 1 ENNI 2

AN

Q

>.m

) Subscriber s
) L1 Service
234
235 Figure 1 — Subscriber L1 Service and Component Operator L1 Service Types

236  The equivalent reference model depicting the component Operator bydé€and associated

237 OperatoL1VC End Pointss shown inFigure2. In this Standard an Operator Access L1 Service

238 is depicted by a solid blue line, while an Operator Transit L1 Service is shown using a solid brown
239  line (asin Figurel). An Operator Access L1V,@vhich has one Operator Access L1VC End Point
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at a UNI and the other Operator Access L1VC End Point at an EN&§Hpwn using dotted blue
line, while an Operator Transit L1V@vhich has one Operator Access L1VC End Point at an
ENNI and the other Operatéiccess L1VC End Point at another ENMI shown using a dashed
brown line (as irFigure?2).

An Operator L1 Service consists of a single Operator L1VC, associated External Interfaces (UNI
or ENNI) and Operator L1VC End Points, tligprovided by an Operator to a SP/SO.

Service Provider
Network

Operator C Operator D }{ Operator E

@ Operator L1VC End Point
Figure 2 — Operator L1VC Types

The Service Providezanmake arrangementsr an Operator L1Servicewith an Operator which
may be acting as a Super Operaildre Super Operator wouldakearrangements foDperator
L1 Servicesvith otherOperatos (i.e., Operators C and D in this exampiej}visible to the Service
Provider, as ifFigure3.

WD 0.34 © MEF Forum 2019. Any reproduction of thisStandard or any portion thereof, shall contain the followir Page7
statement: "Reproduced with permissioMiEF Forum." No user of thiStandards authaized to modify any
of the information contained herein.



252
253

254
255
256
257
258
259
260

261

262
263
264
265

70\

Operator Layer 1 Service Attributes and Services

Service Provider
Network

Super Operator Operator E

Access L1

Access L1 Service

Subscriber

L1 Service
Figure 3 — Super Operator and Operator L1 Services Example

A number of Service Attributes are defined that specify the behavior of an Operator L1 Service
including its performance objectives as described in the Service Level Specification (SLS) (Sec-
tion 8.4.3. ThisStandarddoes not define how the Service Attributes are implemented or how SLS
compliance is measured or reported. Further, $tasdarddoes not define how a@perator L1
Service ismplemert ed i n an Op &otathabwhénsthe reentsupport ks .use@ in
normative context in this document, it means that the Operator is capable of enabling the function-
ality upon agreement between the SP/SO and thea@per

6.1 Operator Layer 1 Services Framework

The Operato L1 Service definition framework provides a mod&l specifying & Operato L1
Service. A Operato L1 Service has a set of Service Attributes that define its characteristics. A
specificOperato L1 Sevice is defined by the values of the Service Attributes. This framework is
shown inFigure4.
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ENNI
Common
Attributes
ENNI
Operator Operator v
L1 Service » UNI Atributes » Service

; \_
Se_rwce Operator
Attribute L1VC
Service( Operator

Attribute L1vC
End Point

Service
Attributes

Attribute
Values

Figure 4 — Operator L1 Service Definition Framework

The Operator L1 Service Attributes and their values apply to a single Operator network. Thus in
Figurel, the Service Provider deals with three sets of Operator tvicBeAttributes and values,

one set for each of Operator C, Operator D and Operatoraddition the Service Provider agrees

with the Subscriber on the valuegioé Subscriber L1 Service Attributes (MEF[@8]). Thethree

setsof Operator L1 Service Attributes and valuesrespond to the three Operator L1 Services
purchased by the Service Provider from the Operators to instamigatéN+to-UNI Subscriber

L1 Service purchased by the Subscriber from the Service Provider.

The approach is to define Service Attributes that apply to an Operator network. Each Service At-
tribute can take on one or more values, where the value for a Sattribeite dictates behavior

for the Operator network as seen by an external observer. How a behavior is implemented within
an Operator network is opaque to the external observer and beyond the scope of this document.

Two kinds of Service Attributes are dsfd:

1 ENNI Common Attribute control Operator network behaviors that enable Operator net-
works to be interconnected and exchange OTUk frames. The interconnection is achieved
by the Operators agreeing on the value for each ENNI Common Attribute.

1 Operator Sevice Attributescontrol the behavior observable at and between interfaces to
an Operator network. The behaviors are achieved by the Operator and the SP/SO agree-
ing on the value for each Operator Service Attribute.

This document is organized as follaws

1 An overview of theENNI physical layer, functions and relationshigQperator L1 Ser-
vices and L1VCss provided in Sectiofd,
1 ENNI CommonAttributesare definedn Section8.1,
1 Operato Service Attributes are defined in the following groups
0 ENNI Service Attributesn Section8.2
o Operator UNI Service Attributaa Section8.3
0 OperatorL1VC Servie Attributesin Section8.4
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294 0 Operato L1VC End Point Service Attributes in Secti8rb.

295  This Standardhenuses those Service Attributesdefine Operator L1 Services Section9.
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296 7 ENNI and Operator Layer 1 Services Characteristics

Operator Layer 1 Service Attributes and Services

297  To ensure the interconnection of Operator L1 Services, the ENNI physical layer must be specified.
298  This Standardspecifies the Opticalransport Network (OTNyefined in TU-T G.709[16] and

299  G.872 [19] for the ENNIphysical layerA brief overview of OTNaspects of th&NNI relevant

300 to Operator L1 Services follows Section7.1 The OTNphysical layer at an ENNI is then de-

301 scribed in Sectioi.2in terms of the functions specified BgrviceAttributes in thisStandard In

302  Section7.3 those functions are discussed in more detahe context of ENNI handoff scenarios.

303 Section7.4 then describes Operator L1 Services and L1VCs in relationship to those ENNI
304 handoffs.

305 7.1 OTN ENNI Overview

306  The client protocolsspecifically the L1CIn MEF 63Table 3[26], are mapped into OTN contain-
307 ers called Lower OrdeDptical Payload Uni(LO OPU) and Lower OrdeéDptical Data Uni{LO
308 ODU)d correspondingratd e si gnat ed Ugrthe diemt plotecbls igure5; thefe.
309 arecorresponding physical interfaces atthe" ksupportingheOptical Transport UnigOTUKk)
310 andOptical Tributary ®nal (OTSi)!, therefore no multiplexing is required (dotted linds)this
311 Standard the OTUK structure refers the OTUK and thehierarchy of OPU/ODU containers and
312  client protocols.

FG200 | 10GigE| 10GigE| 40GigE| 100GigE

Directly WAN | LAN
d STM16 STM256
Mappe STM64 | FG1200
Client 0G48 0G768
0G192
Protocols

k=1 k=2 k=2e k=3 k=4

LO OPUk

Containers
LO ODUk

Correspondin
wlkadSa|aqé

. OTUk
313

314 Figure 5 — OTUk Structure for Directly Mapped Client Protocols

315  For the client protocols iRigure6 no physical interfaces are dedid at the same rate, therefore
316 the LOODUusi ng the suffi x 2ihtpdHighenOrder (HODPUkmandHQ i p | e x ¢

Note that the last letter in “OTSi” is the letter “i"”
2'n this Standard, when the term “multi pl disadgregation “aggr eg
capability is implied unless stated otiwise. Similarly, for the opposite usage of the terms.
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317  ODUk whichdo have defineghysical interface Consequently, at the ENNI two basic types of
318  OTUk structuresre possibleas illustated inFigure5 andFigure6.
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GigE FG400 FG1600
Mapped & FG100
Multiplexed STML Fe800 FGe3200
Client 0G3
Protocols STM4
L 0C12
j=0 j=flex j=flex
1 KM 1 XH 1 %0
LO OPUj
Containers
LO ODUj
Multiplexed| EEEEEE
Containers
/ 2 NNB & LJ2)/I§1)/EI ————————
Physical
319 L
320 Figure 6 — OTUK Structure for Mapped & Multiplexed Client Protocols
32z. For higher rates of *“k”, the O3ptrkovemawmercse s pl i
322  optical modules. The parallel lane structure is referred tOEs.n, a group of“n” Optical
323  Transport Lane§OTL) that carry one OTUkIn thisStandardthev al ue of “n'as i s al

324 thatis the implementation currently usedhia industry Specifically, an OTL3.4 carries an OTU3
325 using four lanes and an OTL4.4 carries an OTU4 using four |[@ahesOTLK.4, when utilized, is
326 below the OTUk geeAppendix A). Each of the four lanes is carried over a gpoading OTSI,
327 forming an OTSi Group (OTSiGéeAppendix A.

328 7.2 ENNI Functional Description

329  InthisStandardthe ENNI physical layes specified by two functions: the ENNI Coding Function

330 (Section8.1.2 and the ENNI Optical Interface Functi@Bection8.1.2. The ENNI Optical Inter-

331 face Fundbnincludes t he OTSi , whi ch cor The €PN Gadisg t o a
332 Function includes th®TLk.4/0OTUk and the hierarchgf OPU/ODU containers, which hathe

333 two basic structuredescribed abovdn Figure7, the ENNI Coding Function has a single LO

334  OPUK/ODUk with directly mapped client protocols.
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FG200 | 10GigE| 10GigE| 40GigE| 100GigE
Directly WAN | LAN
STM16 STM256
Mapped STM64 | FG1200
Client 0G48 0G768
0G192
Protocols

k=1 k=2 k=2e k=3 k=4

LO OPUK
LO ODUk
ENNI
Coding
Function

Optical Interface[”
Function

OTSi

Figure 7 — ENNI Coding and Optical Interface Functions for Directly Mapped Clients

In Figure8, the ENNI Codig Function has the LO OPUj/ODWyr the client protocols witbut
corresponding physical interfaces and which must be multiplexed into a H&/OBUK. Note
that the directly mapped client protoc@ls LO OPUj/ODUj)can also be multiplexed into the HO
OPUK/ODUK (see Appendix A). Further, the HO OPUk/ODUk carebmultiplexed(as HO
OPUj/ODUj) into a Super HO (SHO) ORIDDUK (seeAppendix A).

In this Standard the OPU/ODU container closest to the OTUk always hasm#itehings u f f i x
When there are other OPU/ODU containers in the mstdek due to multiplexing, tiresuffixes
take on the prectng letters of the alphabet (i.e., LO OPUj/ODUj in sirglage multiplexing to
HO OPUK/ODUK, or LO OPUI/ODUi followed by HO OPUj/ODUj in twsiage multiplexing to
SHO OPUK/ODUK).
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GigE FG400 FG1600
Mapped & FC100 FG800 FG3200
Multiplexed STML
Client 0G3
Protocols STM4
0G12
j=0 j=flex j=flex
1 %M 1 X%H 1 %o
LO OPUj
LO ODUj
ENNI
Coding
Function

Optical Interface[™
Function

OTSi

Figure 8 — ENNI Coding & Optical Interface Functions for Mapped & Multiplexed Clients

7.3 ENNI Handoff

At an ENNI, the ENNI Optical Interface Functi@amd he OTLK.4/OTUk portion of the ENNI
Coding Functiorarealways terminated by each Operator. The container above the OTUk whic
is exchanged by the twOperators athe ENNIis agreedo by the SP/S@ndthe OperatorsThat
ODU container, or lower rate ODtbntainers within it, carrigdsayer 1 Characteristic Information
(L1CI) (MEF 63[26]). The L1Clthat an Operator providing Transit L1 Service is responsible
for delivering from one ENNI to the other ENMlreferred to as ODU L1CThe ODU L1Clis

the entire block of bits in an ODUk franéx3824>8 = 122368 bit9 (G.709[16]). When an
Operatoraggregates multiple Transit L1 Services the corresponding ODU containers are multi-
plexed into a higher rate ODU container for exchange at the EAINDperator providing an
Access L1 Service is responsible for delivering the client protocol (UEF 63[26]) between

the corresponding UNI and ENNWhere the client protocol L1Cl is thin an ODU container at
the ENNI.When an Operator aggregates multiple Access L1 Sentleesorresponding ODU
containers are multiplexed intchégher rate ODU containdor exchange at the ENNNote that

an Operator magrovide both an Access L1 Sare (blue)anda Transit L1 Service (browm) an
ENNI as illustrated ifrigure9 for Operator Dat ENNI 1
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Access
L1Service

Service Provider
Network

Transit
L1Service

Operator C

Operator D

Access
L1Services

Access
L1Service

/

Figure 9 — Operator Access and Transit L1 Services Example

An ODU containetthat crosses the ENNhay becarried intactor demultiplexed andhe lower
rate containers within individually transportedyieldingtwo case$or theterminatingfunctions:

1 OTSi andOTUk terminated, or
1 OTSi andOTUk plusHO ODUk/OPUK containergerminated

The latter case is intended to include when a SHO OPUK/ODUK is terminated and its constituent
HO OPUj/ODUj or LO OPUI/ODUi are demultiplexel.he t er md®t enmil matese t h
cessing of overhead. FFigurel0, the two cases &NNI terminating functions ancbrresponding

overhead fields are illustrated@he description of the OTUk overhepdbcessing is in Section

8.1.2 Descriptions of the HO ODUk overhead processirgyin Sectior8.1.2and Sectior8.2.3

The description of th©DUj path overheagrocessingdor j<k is in Section8.2.3
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SHO/HO/LO OPUk

Carried intac

across ENNI'| RSS2 o10/HO/LO ODUK

GCC

. OTUk
Functions GCCO OSMC

Casel

Carried intact
across ENNI

Functions
terminated

LO OPUj

LO ODUj

OTUk

GCC0O OSMC

Case?

Figure 10 — ENNI Terminating Function Configurations

The two cases of ENNI terminating functionsHigure 10 yield threetypes ofinterconnection
combinationsas shown irFigurel11l, Figure1l2 andFigurel3.

In Figure1l, theLO ODUk, or HO ODUK, or SHADUK container is carried intact across the

ENNI.3

SHO/HO/LO OPUk

APS
acel SHO/HO/LO ODUk

Carried intac

across ENN GCC2
OTUk
Functions GCCO OSMC
terminated

SHO/HO/LO OPUk

GCC2
GCC1

Carried intact

SHO/HO/LO ODUK acrossENNI

GCC0O OsMC Zudk

“

Functions
terminated

Operator X

Operator Y

Figure 11 — ENNI Handoff Type 1

In Figurel2, the ODU container from Operator X is terminated by Operatand'the LO ODUj
are demultiplexed from the HO ODUk, or the HO ODt§ demultiplexed from the SHO ODUK.

Note this case is inteled to include when LO ODUi are further demultiplexed from the HO

oDUj.4

3 For example, a transpondertransponder handoff using grey interfa¢esnITU-T grid) over the ENNI.
4 For example, from an Operator X traosder to an Operator Y OTN multiplexer.
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i HO/LO OPUj o
Carried intact
S GCC2 APS
i i acrossENNI
.. |2l Homoopu
i renminate
Functions acco [osmic OTUK scco [osmic OTUK M

“

Operator X

Operator Y

Figure 12 — ENNI Handoff Type 2

In Figure 13, multiplexing of LO ODUj into HO ODUk, or HO ODUj into SHO ODUk is per-
formed by bothOperators X and YNote this case is intended to include when LO ODUi are
multiplexed into the HO ODU.

L HO/LO OPUj HO/LO OPUj L
Carried intact OLO OPY] O/LO OPY) Carried intact
across ENN Geez : APS : Gee2 ] 2l | acrossENNI

Geel HO/LO ODU;j e ccel HO/LO ODU;j I

---------------------------- ENNI

Functions : Functions
terminated terminated

scco losme OTUK TTI seco [osmc OTUK TTI

Operator X Operator Y
Figure 13 — ENNI Handoff Type 3
7.4 Operator L1 Services and L1VCs

A fundamental aspect of an Operator L1 Service is the QudraY C (Section8.4). An Operator

L1VC is an association of two Operator L1VC End Points. An Operator L1VC Endrepiet

sents the logical attachment of an Operator L1VC to an External Interface (EI), either a UNI or an
ENNI. An Operator Access L1V@ansports client protocol L1CI between a UNI and an ENNI
where the client protocol L1Cl is within an ODU contaiwéen it crossethe ENNL An Operator
Transit L1VC transports ODU L1CI between a pair of ENNIs. The pair of Qpetdv/C End

Points assoeiedbyan Oper ator L1VC are said to be “in
5 For example, Wen the Operators have interconnected OTN multiplexers.
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corresponding Els are said to
pointto-point, bidirectional (full duplex) transmissiorf Q1ClI.

be

n the

In Figure 14, the Operator Access and Transit L1V@sd theirassociatedEnd Points)corre-

sponding to thé&igure9 Operator L1 Services are illustratdthe Operator C Access L1VCs are
aggregatect ENNI 1by multiplexing the traffic mapped to the L1VC End Points into a higher

rate (as indicated by the black ellipse) for traversing the EdiMilarly for the Operator D Access
and Transit L1VCs. This approach may be used by the Operators to tieelacenber of physical

ports and links (i.e., cost) at the ENIRbr the case herethe Subscriber L1 Service between UNI
1 and UNI 2 and the Subscribet IService between UNI 3 and UNI 4 are provided by different

Service Providers, ENNI 1 is referredas aShared ENNI A Shared ENNI is defined as ENNI
with Operator L1VCs supporting Subscriber L1 Services for more than 080 $&eAppendix
F). In this example, the ENNI lamdoff corresponds to theyfie 3 shown inFigure13, while the
ENNI 2 handoff corresponds to thg@e 1 shown inFigurell.

Service Provider
Network

Operator C

@ Operator L1VC End Point

@ Multiplexed L1VC End Points

Access ""~-.-., L1
Access "t UNI 4
L1VC

Figure 14 — Operator Access and Transit L1VCs Aggregation Example

For comparison, ifrigure15the Operator C Access L1V@¢hich are aggregated at ENNIlate
transported as angle, higher rate Transit L1VC by Operator D to ENNIr2this exampe, both
the ENNI 1and ENNI 2handofE correspondb theType 2 shown inFigure12.
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423
424

Service Provider
Network

/’ i
’ Transit

4 L1vC
4

Operator C

Operator D

Access

(Type 2)

/

@ Operator L1VC End Point

® Multiplexed L1VC End Points

Figure 15 — Operator Transit L1VC Trunked Example
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8 Operator Layer 1 Service Attributes Definitions and Requirements

Section 8.1 defines ENN Common Attributeswhich control Operator network behaviors that
enable Operator networks to be interconnected and exchange OTUk frames. The interconnection
is achieved by the Operators agreeing on the value for each ENNI Common Attbipatator

Servce Attributesare then defined whitccontrol the behavior observable at and between inter-
faces to an Operator network. The behaviors are achieved by the Operator and the SP/SO agreeing
on the value for each Operator Service Attrib(tee Operator Servickttributes are defined in

the folloving subsections

1 Section8.2ENNI Service Attributes

1 Section8.3 Operator UNI Service Attributes

1 Section8.4 OperatoiL1VC Service Attributesand

1 Section8.50perator L1VC End Point Service Attributes.

8.1 ENNI Common Attributes

When Operators interconnect their networks to form an ENNI anc&iegetOTUk frames, several
technichdetails need to be agreed to, such as the physical layer of taeujporting the ENNI.
These technical details are called ENNI Common Attribuths. Operators need to agree on the
value for each ENNI Common AttribeitThe method by which agreemeastreached is outse

the scope of thiStandard In generalthe Operators that need to agree are any Operator that is not
a Super Operator and any Super Operator that has arranged for unshared access to #the ENNI.
SP/SOthat isnot party to the agreemeot the ENNI Common Attribute values can be aware or
unaware of the value for eaohne. Such organizations may want to be aware of the values since
theycan influene the decision as to which ENdND use.

8.1.1 ENNI Peering Idgifier Common Attribute

The ENNIPeering IdentifielCommonAttribute value is a string used to allow the Operators at
the ENNI to uniquely identify the ENNIt is subject to the following requirements.

[R1] Thevalue of theENNI Peering Identifier Common AttributdUST be unique
across all ENlIs for each of the Operators.

If Operators A and B connect via an ENNI with the value of the ENNI Peering Ide@iiframon
Attribute equal —Ama??dor Ri]imanddted idt rathed ENNI sup-
ported by @erator A have the same value for the ENNI Peering Iden@ibenmonAttribute. The
mandate also applies to Operator B.

[R2] The value of theENNI Peering IdentifielCommonAttribute MUST contain
no more than 45 charactérs.

8 The limit of 45 characters is intended to establish limits on field lengths in existing or future protocols that will
carry the identifier
WD 0.34 © MEF Forum 2019. Any reproduction of thisStandard or any portion thereof, shall contain the followir Page20
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458 [R3] Thevalue of theENNI Peering Identier CommonAttribute MUST be a non
459 null RFC 257910] DisplayString but not contain the characters 0x00 through
460 OxA1f.

461 8.1.2 ENNIList of Physical LayerCommonAttribute

462 The value of the ENNList of Physica Layers CommonAttribute is alist of 2-tuples of the form
463  (¢c, 0O The &cOspecifies the Coding Functiomhile the GoOspecifieswavelength structurespan
464 loss, fibre typeand other aspects the physical ayer.

465  The details for the-2upleéc, oOare:

466 § &Qis the Coding Funabin. It is a3-tupleof the formdk, OTUkOH, HO ODUk OHY
467 where
468 0 &GQOis an index representing tErLk.4/0OTUK physical layer line rate
469 [R4]  The value oBkOMUST be one of the following valuegl, 2, 2e, 3, 4}
470 0 00TUk CHOs alist of overhead valuesorrespoding totheterminated OTUk
471 where each entry in tHist has the valu®isabledor Enabled
472 [R5] The value of6(OTUK CHOMUST be a list of threepairs{Field, Value} with
473 each Field and corresponding Valsin Table3:
474

Field Value (1)

OTUK TTI Disabledor Enabled

OTUK GCCO Disabledor Enabled

OTUKk OSMC Disabledor Enabled
475 (1) If the Value isEnabledthe Operatoragree on the valued the parameters.709[16]) for
476 that Field
477 Table 3 — Value of TUk OHO'
478 o The value pﬁHO ODUK (HGis eitherNoneor List. When the value dHO
479 ODUK OHQis List, the ENNI is referred to as Ty@e(seeFigurel3) and the en-
480 tries are the overhead values corresponding to the terminated HO @DSKHO
481 ODUKk), where each entry in the list has the vddigabledor Enabled
482 0 When the value cJHO ODUk CHO's None the ENNI is referred to as either
483 Type 1 (sed-igurell) or Type 2 (se€&igurel?).
484 [R6] When the value afHO ODUk OHJis List, the entriesVIUST be a list of four
485 pairs {Field, Value} with each Field and corresponding Value dalre4:
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Field Value (1)

SHO/HO ODUKTTI Disabledor Enabled
SHO/HO ODUKGCC1 | Disabledor Enabled
SHO/HO ODUKGCQ2 | Disabledor Enabled
SHO/HO ODUk APS | Disabledor Enabled

(1) If the Value iEnabledthe Operators agree on the values of the parameters (G6&]p%or
that Field.

Table 4 — Value of List for HO ODUk OHO
f  Os the Optical Interface Function

[R7]  The value ofioQtorresponding to the indékQin the entryccOMUST be one
of the Optical Interface Functiomalues ineither Table5 (OTUK) or Table6
(OTLk.4).

In Table5, the values ofkGare grouped into Classes defined in G.9%82]. Within a Class there

are several possible values for the Optical Interface Fun@ioiThe references in ¢hcolumn
G.959.1[22] are to tables in that Recommendation which provide more details for each of the
values ofto®
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k Class Optical Interface Function GoOvalues G.959.1 [22]
1 NRZ 2.5G P16S11D2, P32S11D2, P16S11D5, [Table 53]
(~622 Mb/s P32S11D5
to 2.67 Gb/s) | P16L11A2, P16L11A5 [Table 54]
P1I1-1D1 [Table 55]
P1S11D1, P1S11D2 [Table 56]
P1L1-1D1, P1L31D2, 1L}:1D2F [Table 57]
P1UX1A2, 1UX1B2F, P1IU1AS, 1UL [Table 59]
1B3F, P1U11A5, 1U1}1B5F
2,2e | NRZ 10G P411-2D1, 411:2D1F, P16112D2, P32I1 [Table 52]
(~2.4 Glis to | 2D2, P16112D3, P16112D5,P3211-2D5
10.76 Gb/s) | P16S12B2, P16S12C2, P32SPB2, [Table 53]
NoteZ2e is P32S12C2, P16SPC3, P16S¥B5,
11.0957 Gb/s| P16S12C5 P32S12B5, P32S12C5
P16L12A2, P16LE2A5 [Table 54]
P111-2D1r, P1122D1, P1i122D2r, P1i% [Table 55]
2D2, P1112D3, P111:2D5
P1S12D1, P1S12D2a,b, 1SPD2bF, [Table 56]
P1S12D3a,b, 1S2D3bF, P1S2D5a,b,
1S12D5bF
P1L1-2D1,P1L1-2D2, 1L12D2F, P1L1 [Table 57]
2D2E, 1L12D2FE
P1V1-2C2, 1V12C2F, P1VI2B2E, 1Vt [Table 58]
2B2FE, P1V12B5, 1V12B5F
3 NRZ 40G P111-3D1, 111:3D1F, P1133D3, P1123D5 | [Table 55]
(~9.9Gb/s to | P1S13D1, 1S13D1F, P1S13C2, P1S1 [Table 56]
43.02 Gb/s) | 3C3, P1S13C5
P1L1-3C1, 1L+3C1F, P1L13A2, 1L1- [Table 57]
3C2F, 1L33C2FD, P1L13A3, 1L1-3C3F,
1L1-3C3FD, P1L13A5, 1L1-3C5F,1L1-
3C5FD
RZ 40G P1L1-7A2, P1L}7A3, P1L}7A5 [Table 57]
(~9.9 Gb/s to
43.02 Gb/s)

Table 5 — Optical Interface Function doGvalues for OTUk

In Table6, the values ofkOare grouped into Classes defined in G.9992] and G.69514].
Within a Class there are several possible values for ttieaDmterface FunctioGoO The refer-
ences in the columns G.95922] and G.69914] are to tables within those Recommendations
which provide more details for each of the value@@fAppendixE.1includes an example value
of an Optical Interface Function.
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k | Class Optical Interface Function GoQValues | G.959.1 [22] | G.695 [14]
3 | NRZ 10G P411-2D1, 411:2D1F, P16112D2, [Table 52]
(~2.4 Gb/s to | P3211-2D2, P16112D3, P16112D5,
10.76 Gb/¥ P3211-:2D5
P16S12B2, P16S12C2, P32SPB2, [Table 53]
P32S12C2, P16S22C3, P16S1B5,
P16S12C5, P32SPB5, P32512C5
P16L12A2, P16L12A5 [Table 54]
C4S12D1, C4l1-2D1 [Table 51]
4 | NRZ 25G 411-9D1F [Table 52]
(~9.9 Gb/s to | 4L1-9C1F, 4L19D1F [Table 54]
28 Gb/s) C4S19D1F [Table 51]
Table 6 — Optical Interface Function doOvalues for OTLk.4
8.1.3 ENNIProtection CommonAttribute

The ENNI ProtectiorCommonAttribute value specifies thgrotectionprotocoldeployed at the
ENNI for the ODU containerexchangedy the OperatorgSection7.3). The ENNI Protection

CommonAttribute value is either

T

None or

1 One of theows as specified i15.873.1Section8.5, Table8-1 [20].

[R8]

architecture(i.e., two entries for 1+In+1 entriedor 1:n).

prevent interworkingG.873.1[20]).

[D1]

valueSHOULD be1+1 unidir SNC/I

scope of thisstandard

Figurel6, Figurel7 andFigurel8illustrate the three ENNI handoff types (SectB when the
ENNI Protection Common Attribute has the vali#el unidir SNCI. The Brdge function is 1+1
(the same traffic is sent to both OTUk sublayers) and the Selector function selectshentvof

The specification of a protection protodot a region with n

received traffic flows (from one OTUk sublayer)

an

Operator

When thevalug of the ENNI Protectio@ommonAttribute is not Nonethe
number offc, oCentries in th&ENNI List of Physical Layes CommonAttribute
MUST beas indicated inG.873.1 Sectio.5, Table8-1, columnProtection

The simplesENNI ProtectionCommonAttribute value listed inG.873.1 Sectio.5, Table8-1

is in the first row, specificallyL+1 unidir SNC/I (uni-directional, Subnetwork Connection with
Inherent monitoring). With thigalug an APS signaling channgle., Protection Communication
Channel- PCQ is not reqiired (G.873.1[20]). Further agreement betwedahe Operators othe
value of revertive/nomevertivemodeis not requiredasa mismatch of this parameter does not

When the value of the ENNI Protection Common Attribute is Mohethe

S
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APS
TTI

SHO/HO/LO OPUk SHO/HO/LO OPUKk

Gce2 APS Gce2
SHO/HO/LO ODUk SHO/HO/LO ODUkK

ENNI

Bridge/Selector Bridge/Selector

GCCO OsMC c TTI GCCO0 OsMC ORI TTI GCCO OsMmC O TTI GCCO OsMC Onls

“

Operator X Operator Y

Figure 16 — 1+1 unidir SNC/I Protected ENNI Handoff Type 1

Note that the APS field in tHéigure16 SHO/HO/LO ODUK sublayer is not relatedttee ENNI
protection.

HO/LO OPUj

HO/LO ODUj

Bridge/Selector

GCCO0 OsMC G TTI GCCO OsMC O TTI TTI GCCO OsMC Qs TTI

“

Figure 17 — 1+1 unidir SNC/I Protected ENNI Handoff Type 2

Operator X Operator Y

Note that the APS field in tileigure17 HO/LO ODUj sublagrand he APS field in the SHO/HO
ODUK sublayeiarenot related to the ENNI protection.
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538 :
HO/LO OPUj HO/LO OPUj
GCC . . APS
HO/LO ODUjj HO/LO ODUjj
ecc2 T APS ENNI  [eserii i
GCC1 TTI H
GCCO OSsMC C TTI GCCO0 OSMC Sl TTI GCCO OSsMC L TTI
Operator X Operator Y
539
540 Figure 18 — 1+1 unidir SNC/I Protected ENNI Handoff Type 3

541  Note that the APS field in tHeigure18 HO/LO ODUj sublayeand he APS field in the SHO/HO
542  ODUk sublayeiare not related to the ENNI protection

543 8.2 ENNI Service Attributes

544  For each instance of an ENNI, there are multiple sets of IB¥Nice Attributes. The valuerfo

545 each ENNI Service Attribute in a set for apgdator network is specific to ti8#/SO that is using
546 the ENNI. Each such value is agreed to by the SP/SO and the OpEh&tanethods and proce-
547 dures for reaching agreememe beyond the scope of ti8&andard

548 8.2.1 Operator ENNI IdentifieService Attribute

549 The Operator ENNI IdentifieBervice Attributevalue is a string used to allow the SP/SO and
550  Operator to uniquely identify the ENNI.

551 [RI] Thevalue of theOperator ENNI Identifier Service AttributdUST be unique

552 acrossall ENNIs supported by the Operator

553 [R10] Thevalue of theDperator ENNI Identifier Service AttribuddUST contain no

554 morethan 45 characters.

555 [R11] Thevalue of theOperator ENNI Identifier Service &tbute MUST be a non

556 null RFC 257910] DisplayString but not contain the characters 0x00 through
557 Ox1f.

" The limit of 45 characters is intended to establishtfimn field lengths in existing or future protocols that will
carry the identifier
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8.2.2

The valueof theOperator Multiplexing Capabilitizist Service Attributandicatest h e

Operator Multiplexing Capabilityist ServiceAttribute

Operator

ability to multiplex a given LO ODUj into a HO ODUKsinglestage), ormultiplex a given LO
ODUi into a HO ODUj and into a SHO ODUKk (twstag@, or more multiplexing stages. This
information is used by th&P/SQto determine if an Operator can provide the required multiplexing
to form theODU container exchanged between Operators at an ENNI (S&c8on

Note that this is a capability Service Attribute, it does not provide information regarding the as-
signment ofan Operator L1VC End Point to a multipleg sequenceThe assignment of an Op-
erator LVC End Pointto a multiplexing sequende.g., an ODUO in an ODUODU2-ODU4
multiplexing sequencea$ described by the Operator L1VC End Point Map Service Attribute (see
Section8.5.4). Note thatthe valueNull is used to indicate no multiplexing capability.

Table7 lists the possible multiplexing sequences for a given LO ODU into a HO ding a
nomenclature similar t®IF ENNI [27]. Each HO ODU column lists each possible multiplexing
sequence in a separate row. For example, there are eight possible multiplexing sequences for a LO
ODUO into a HO ODU4.

LO Multiplexing Sequences
Entity HO ODU4 HO ODU3 HO ODU2 HO ODU1
ODUO ODU0-ODU1-0DU2-0DU3-0ODU4: 64 | ODUO-ODU1-ODU2-0DU3: 32 | ODU0-ODU1-0DU2: 8 | ODUG-ODUL: 2
ODUG-ODU1-0DU3-0DU4: 64 ODUQ-ODU1-0DU3: 32 ODUO-ODU2: 8
ODU0-ODU1-ODU2-0ODU4: 80 ODU0-ODU2-0ODU3: 32
ODUO-ODU1-0DU4: 80 ODUQ-ODU3: 32
ODUO-ODU2-0DU3-0DU4: 64
ODUO-ODU2-ODU4: 80
ODUQ-ODU3-0DU4: 64
ODU0-ODU4: 80
ODU1 ODU1-ODU2-ODU3-0DU4: 32 ODU1-ODU2-ODU3: 16(1.25TS)| ODU1-0ODU2: 4(1.25TS)
ODU1-ODU2-ODU4: 40 ODU1-ODU2-0ODU3: 16(2.5TS) | ODU1-ODU2: 4(2.5TS)
ODU1-ODU3-0DU4: 32 ODU1-ODUS3: 16(1.25TS)
ODU1-ODU4: 40 ODU1-ODU3: 16(2.5TS)
ODUflex | ODUflex-ODU2-ODU3-ODU4: 10G ODUflex-ODU2-ODU3: 10G ODUflex-ODU2: 10G
ODUflex-ODU2-ODU4: 10G ODUflex-ODU3: 40G
ODUflex-ODU3-ODU4: 40G
ODUflex-ODU4: 100G
ODU2 ODU2-0ODU3-0DU4: 8 ODU2-ODUS3: 4(1.25TS)
ODU2-0DU4: 10 ODU2-ODUS3: 4(2.5TS)
ODU2e | ODU2eODU3-0ODU4: 6 ODU2e0ODU3: 3
ODU2e0ODU4: 10
ODU3 ODU3-ODU4: 2

Table 7 — Multiplexing Sequences

The number followng a given multiplexing sequence indicates the maximum quantity of LO ODU
which can be multiplexed (e.gQDUO-ODU1-ODU2-ODUA4: 80, indicates that up to 80 LO
ODUO can be multiplexed in & sequence of HO ODU). For the case of a LO ODUflex, the
number indcates the approximate maximum bit rate which can be multiplexed Qbdlflex-
ODU2-ODU4: 10G indicates that a LO ODUflex up to 10Gb/s can be multiplexed in that se-
guence). The suffix (25TS) or (2.5TS) indicateshetherthe HO ODUKk, for k={2, 3} suppas
1.25Gb/s Tributary Slots TS) or 2.55b/s TS when multiplexing LO ODUj, for j={1, 2}

WD 0.34
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The value of the Operatdfultiplexing CapabilityList Service Attributds eitherNull or at least
onemultiplexing sequencentryfrom Table7. A multiplexing sequence entry in the list indicates
that the Operatamight agree to instantiag the multiplexing £here. Additional steps are nec-
essary to reserve and assign capacityiger by the SP/SQ.e., establish a value for ti@perator
L1VC End Point Map Service Attribute in Secti8rb.4. Such procedures are beyond the scope
of this Stardard

Note the value ok, which is specified in the value of the ENNI List of Physical Layers Common
Attribute (Section8.1.2), places a limit on the highest rat€ HO ODU multiplexing sequence
possible.

[R12]  When the value of the Operator Multiplexing Capability List Service Attribute
is notNull, the value of the Operator Multiplexing Capability L8s#rvice At-
tribute MUST be from the HO ODU column ifiable7 corresponding to the
value ofk which is specified in the value of the ENNI List of Physical Layers
Common Attribute (Sectio8.1.2).

An exanple value of the Operatdfultiplexing CapabilityList Service Attributevhen the value
of k=4 (i.e., from thel'able7 column HO ODUA4)s provided inTable8.

Operator Multiplexing Capability List
ODU0-ODU1-0DU4: 80
ODU0-ODU4: 80
ODU1-ODU2-0ODU4: 40
ODU1-0DU4: 40
ODUflex-ODU2-ODU4: 10G
ODUflex-ODU4: 100G

ODU2-0DU4: 10

ODU2e0ODU4: 10

Table 8 — Example Value of the Operator Multiplexing Capability List Service Attribute

8.2.3 Operator Path Overhead Service Attribute

An ODU path is the connectivity between the locations where the path overhead is terminated.
ITU-T G.709[16] defines an ODUK patifhe value of the Operator Path Overhead Service At-
tribute iseitherNoneor List. When the value of the Operator Path Overhead Service Wérib

List, the entries are theverhead valuesorresponding teach ofthe SHO/HOQLO ODU patls
carriedacross an ENNWwhich isterminated ina®®p er at o r ! Eachanteytinvthelist has

the valueDisabledor EnabledWh en t here i s no ODU path ter mi
the value of the Operator Path Overhead Service AttribiNerig

[R13] When the value of the Operator Path Overhead Service Attriblistjshe
value ofthe Operator Path Overhead Service Attt@MUST be a list offour
pairs {Field, Value}f or each path termi nawtd in
each Field and corresponding Value a$atle9:
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Field Value (1)

ODUTTI Disabledor Enabled
ODU GCC1 Disabledor Enabled
ODU GC Disabledor Enabled
ODU APS Disabledor Enabled

(1) If the Value isEnabledthe SP/SO and Operatooordinate thg@rovisioning of the parame-
ters(G.709[16]) for that Field

Table 9 — Value of List for the Operator Path Overhead Service Attribute

Note thatAppendix Bdiscusses the relationship between Operator L1DC8Jk paths Operator
L1VC End Points and ODk path overhead terminatiofihe Operator Path Overhead Bee
Attribute value for each Operator in a network example is also discussed.

8.3 Operator UNI Service Attributes

The Operator UNI Service Attributgalues are agreed to by the SP/SO and the Opetats
important to note that the Operator USBrvice Attributes are different from the Subscriber UNI
Service Attributes detailed MEF 63[26]. They are different because the value of each Operator
UNI Senice Attribute 5 agreed to by th8P/SOand the Operator, while the value of each Sub-
scriber UNI Service Attribute is agreed to by the Subscriber and the Service Prilatiethat

the value of the Operator UNI Physical Layer Service Attribute ahé valie of theSubsciber

UNI Physical Layer Service Attributeeed to be the sanwhile the value of the Operator UNI
Identifier Service Attribute and the value of the Subscriber UNI Identifier Service Attribute can
be different

8.3.1 Operator UNI Identifie@ Servce Attribute

The value of the Operator UNI Identifier Service Attribute idrang that is used to allow the
SP/SO and Operator to uniquely identify the UNI.

[R14] The value of the Operator UNI Identifier Service Attribbi®ST be unique
acrossall UNIs suppored bythe Opertor.

[R15] The value of the Operator UNI Identifier Service Attribd&ST contain no
more than 45 charactéts.

[R16] The value of the Operator UNI Identifier Service Attribb®ST be a non
null RFC 257910] DisplayString but not contaithe characters 0x00 through
Ox1f.

8.3.2 Operator UNI Physical Lay&ervice Attribute

TheOperator UNPhysical Layer Service Attribuspecifies the Client Protocol, the Coding Func-
tion and the Optical Interface Function used by@perato for the physicalink implementing

8 The limit of 45 characters is intended to establish limits on field lengths in existing or future protocols that will
carry the identifier
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the UNI. A Physical Port idefined in MEF 6326] as thecombinationof one Coding Function
and one Optical Interface Function. Note thamarily SingleMode Fibre (SMF) Optical Inter-
face Functions are codgredas they are more commonly deployed for higherirdegfaces The
value of theDperator UNPhysical Layer Service Attribute is a@®le of the formip, ¢, divhere:

1 pistheClient Protocaland
1 cis the Coding Function, and
1 oisthe Optical Interface Function.

[R17]  TheClient ProtocolpOMUST be one of théollowing values:

Ethernet or
Fibre Channelor
SDH, or

SONET

= =4 =4 -4

[R18]  Whenp has the valu&thernet the 3-tuple Ethernet, c, OMUST use one of
the 13 possibléc, cdOvalues for the Coding Function and Optical Interface
Function shown imable10:

Coding Function &cO{1) Optical Interface Function &0Q(1)
1000BASEX SX PMD clause 38

PCS clause®coding function LX PMD clause 38

LX10 PMD clause 59

BX10 PMD clause 59
10GBASEW (WAN PHY) LW PMD clause 52

PCS clause.49 and WIS clause § EW PMD clause 52

coding function

10GBASER (LAN PHY) LR PMD clause 52
PCS clause 46oding function ER PMD clause 52
40GBASER LR4 PMD clause 87

PCS clause 82oding function ER4 PMD clause 87
FR PMD clause 89

100GBASER LR4 PMD clause 88
PCS clause 82oding function ER4 PMD clause 88

(1) The clause references ardlHEE Std 82.3[8].
Table 10 — Ethernet Physical Port &, oOValues

Note that each Coding Function reference and Optical Interface Function reference includes the
bit rate.

For exampleif the value of the CIierProtocoI@Qs Ethernet thenéc, oOtould bedl0GBASER
PCS clause 460ding functionLR PMD clause 52
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Another example ofc, COfOI: anEthernetClient Protocol isilOGBASER PCS clause 4€oding
function ER PNVD clause 52

[R19]  Whenp has the valu&ibre Channe]the 3-tupled=ibre Channel, c, OMUST
use one of the 10 possibie, cOvaluesfor the Coding Function and Optical
Interface Function shown ifable1l:

Coding Function @O Optical Interface Function @O
FC-100(1.065 Gb/s) FC-PI-2[2] clause 6.3 F@ 100SM-LC-L
FC-FS 23] clause 5 F€l
8B/10B coding function
FC-200 (2.125 Gb/s) FC-PI-2[2] clause 6.3C-0 200-SM-LC-L
FC-FS 23] clause 5 FEL
8B/10Bcoding function

FC-400 (4.250 Gh/s) FC-PI-5[5] clause 6.3 F@ 400-SM-LC-L
FC-FS2 ]3] clause 5 F€l

8B/10B coding function FC-PI-5[5] clause 6.3 F@ 400-SM-LC-M
FC-800 (8.500 Gh/s) FC-PI-5[5] clause 6.3 F@ 800-SM-LC-L
FC-FS2 ]3] clause 5 F€l

8B/10B coding function FC-PI-5[5] clause 6.3 F@ 800-SM-LC-I
FC-1200 (1051875 Gb/s) FC-10GFCJ[1] clause 6.4 F 1206SM-LL-L

FC-10GFC[1] clause 13C-1
coding function

FC-1600 (14.025 Gb/s) FC-PI-5[5] clause 6.3 F@ 1600-SM-LC-L
FC-FS3[4] clause 5 FEl

64B/66Bcoding function FC-PI-5[5] clause 6.3 F@ 1600SM-LZ-I
FC-3200 (28.05 Gh/s) FC-PI-6 [7] clause 5.3-C-0 3200SM-LC-L

FC-FS4[6] clause 5 FC1
64B/66Bcoding functionplus
256B/257B transcoding and
FEC encoding

Table 11 — Fibre Channel Physical Port ¢, oOValues

Note that thebit rate is specified for each Coding Function because the refesdniteate inde-
pendent. Theit rate of 28.05 Gb/s for the FE200 Coding Functioorresponds to both the
64B/66B encoded L1(bit rate and thdit rate after 256B/257B transcoding aREC encoding
(i.e., those two codings do not alter bierate) Each Optical Interface Function reference includes
thebit rate.

For exampleif the value of the Client ProtocgbCrs Fibre Channel thenéc, oOtouldbe 6FC-800
(8.500 Gb/s) E-FS2 clause 5-C-1 8B/10Bcoding functionFC-PI-5 clause 6.3-C-0 800-SM
LC-LO

Another example ofc, oOfor aFibre ChannelClient Protocol iFC-800 (8.500 Gb/s) E-FS-2
clause 5C-1 8B/10Bcoding functionFC-PI-5 clause 6.FC-0 800-SM-LC-IO
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682 [R20]  Whenp has the valu&DH, the 3-tuple 6SDH, ¢, ©@MUST use one of the 42
683 possibledc, cOvaluesfor the Coding Function and Optical Interface Function

684
685

shown inTablel2:

Coding Function @O

Optical Interface Function @O

STM-1
ITU-T G.707[15] framer,
N=1

ITU-T G.957[21] I-1

ITU-T G.957[21] S1.1

ITU-T G.957[21] S1.2

ITU-T G.957[21] L-1.1

ITU-T G.957[21] L-1.2

ITU-T G.957[21] L-1.3

STM-4
ITU-T G.707[15] framer,
N=4

ITU-T G.957[21] I-4

ITU-T G.957[21] S4.1

ITU-T G.957[21] S4.2

ITU-T G.957[21] L-4.1

ITU-T G.957[21] L-4.2

ITU-T G.957[21] L-4.3

STM-16
ITU-T G.707[15] framer,
N=16

ITU-T G.957[21] I-16

ITU-T G.957[21] S-16.1

ITU-T G.957[21] S-16.2

ITU-T G.957[21] L-16.1

ITU-T G.957[21] L-16.2

ITU-T G.957[21] L-163

STM-64
ITU-T G.707[15] framer,
N=64

ITU-T G.691[12] I-64.Ir

ITU-T G.691[12] I-64.]

ITU-T G.691[12] I-64.2r

ITU-T G.691[12] 1-64.2

ITU-T G.691[12] 1-64.3

ITU-T G.691[12] I-64.5

ITU-T G.691[12] S-64.1

ITU-T G.691[12] S-64.2

ITU-T G.691[12] S-64.3

ITU-T G.691[12] S-64.5

ITU-T G.691[12] L-64.1

ITU-T G.691[12] L-64.2

ITU-T G.691[12] L-64.3

STM-256
ITU-T G.707[15] framer,
N=256

ITU-T G.693[13] VSR20063R1

ITU-T G.693[13] VSR20003R2

ITU-T G.693[13] VSR20063R3

ITU-T G.693[13] VSR20063R5

ITU-T G.693[13] VSR20003M1

ITU-T G.693[13] VSR20003M2

ITU-T G.693[13] VSR20003M3

ITU-T G.693[13] VSR20003M5

ITU-T G.693[13] VSR20003H2
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Coding Function &O Optical Interface Function o0
ITU-T G.693[13] VSR20003H3
ITU-T G.693[13] VSR20003H5

Table 12 — SDH Physical Port &, oOvalues

Note that each Coding Function reference and Optical Interface Function reference includes the
bit rate.

For exanple, if the value of the Client ProtocbQOls SDH, thenéc, cOcould bedSTM64 ITU-T
G.707 frameN=64, ITU-T G.691L-64.10

Another examplef ¢c, oOfor an SDH Client Protocol issSTM64 ITU-T G.707 frameN=64,
ITU-T G.691S-6430

[R21]  Whenp has the vale SONET the3-tuple@SONET, ¢, GBMUST use one of the
49 possiblgx, dOvaluesfor the Coding Function and Optical Interfa€enc-
tion shown inTable13:

Coding Function &O Optical Interface Function GoQ(1)
OGC3 SR-1
GR-253CORE[28] framer, | IR-1
N=3 IR-2
LR-1
LR-2
LR-3
0OC-12 SR-1
GR-253CORE[28] framer, | IR-1
N=12 IR-2
LR-1
LR-2
LR-3
VR-1
VR-2
VR-3
UR-2
UR-3
0C-48 SR-1
GR-253CORE[28] framer, | IR-1
N=48 IR-2
LR-1
LR-2
LR-3
VR-2
VR-3
UR-2
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Coding Function &O Optical Interface Function GoQ(1)
UR-3
0C-192 SR-1
GR-253CORE[28] framer, | SR-2
N=192 IR-1
IR-2
IR-3
LR-1
LR-2
LR-2a
LR-2b
LR-2c
LR-3
VR-2a
VR-2b
VR-3
OC-768 SR-1
GR-253CORE[28] framer, | SR-2
N=768 IR-1
IR-2
IR-3
LR-1
LR-2
LR-3

(1) The reference for all thistedvalues oftoQOs GR253-CORE clause 4.[28]
Table 13 — SONET Physical Port &, oOvalues

Note that each Coding Function reference and Optical Interface Function referencesitivdude
bit rate.

For exampleif the value of the Client ProtocgOls SONET thenéc, oOtould bedOC-192 GR-
253 COREframerN=192, GR-253-COREclause 4.1 LRbO

Another example dfc, c&for aSONETClient Protocol i$OC-192 GR-253-COREframerN=192,
GR-253 COREclause 4.1 IRBO

The following general requirement applies:
[R22] The Physical LayeMUST operate in full duplex mode.

Note thatit is the responsibility of the Service Provider to ensure that requirements [R12] and
[R13] from MEF 63[26] are met.
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8.4 Operator L1VC Service Attributes

An Operator L1VC is an associatiohtwo Operator L1VC End Points. An Operator L1VC End
Point represents the logical attachment of an OpeltdfdC to an EIl. iy a single Operator
L1VC End Pointcan be associated with a UNI, but multi@erator L1VC Ed Pointscan be
associated with aBNNI.

The following requirements constrain how L1ClIs can be exchanged between Els

[R23] Ifthe egress L1CIl mapped to an OperatbyC End Point resustfrom ingress
L1Cl mapped to an Operator L1VC End Point, thefdST be an @erator
L1VC that associates thevd Operator.1VC End Points.

[R24] Ifthe egress L1CI mapped to an OperatbyC End Point results from ingress
L1CI mapped to a Operatoi.1VC End Point, the tw®peratorL1VC End
PointsMUST be different from each other.

[R25] Except in cases of detected errorsanits, heLLClI MUST betransported ib
identical from the ingress El tbheegress Eat the same frequency (aka timing
transparent).

Note that{R25] is a description of the ideal service. The L1ClIs that are dieio be devered
might be relaced due to detected errors or faults. Se©terato.1VC Service Level Specifi-
cation(Section8.4.3.

An OperatorL1VC always supports poitb-point, bidirectional (full duplex) transmission of
L1ClIs. That is, eacloperatorL1VC End Point associated by thperatol.1VC always supports
ingress and egress L1<Ibr that OperatorL1VC. SeeFigure14 andFigure 15 for examples of
Operator Access ardperatorTransit L1VCs.

8.4.1 Operator L1VC ldentifieService Attribute

The value of thé®perator L1VCldentifier Service Attribute is a string that is usedatlow the
SP/SO and@perator to uniquely identify a@dperator L1VC

[R26] The value of th®©perator L1VCdentifier Service AttributdMUST be unique
among allsuch identifiers foOperator L1VCs supported by the Operator Net-
work.

[R27]  The value of th®perator L1VQAdentifier Service AttributdUST contain no
more tham5 characters.

[R28] The value of th®©perator L1VCldentifier Service AttributdMUST be a non
null RFC2579[10] DisplayString but not contain the characters 0x00 through
Ox1f.

9 The limit of 45 characters iintended to establish limits on field lengths in existing or future protocols ithat w
carry the identifier
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Note that thevalue of theSubscriber L1VQdentifier Service Attribte described in MEB3 [26]

is known to the Subscriband Service Provider. Whether tedue of theSubscriber L1VQden-

tifier Service Attributes made known to the Operators istophe Service ProvideSimilarly,
whetherthe value of the Operator L1VC Identifier Service Attribute is made known to the Sub-
scriber is also up to the Service Provider.

8.4.2 Operator L1VC End Point t.Bervice Attribute

The value of th®©perato L1VC End Point List Service Attribute is atiof two Operato L1VC
End Point IdentifiefService Attribute values (Secti@h5.]), onefor eachOperato L1VC End
Point associated by ti@perato L1VC.

[R29] The values of th®perator L1VC End Point Identifierin theOperato L1VC
EndPoint ListMUST be different

Note hat when he Operator L1VC End Points in the value of the Operator L1VC End Point List
Service Attributeare at the sameENNI, the Operator flansit L1VC is said to providelairpin
Connectivity(seeAppendix Q.

8.4.3 Operator L1VC Service Level Specificati®ervice Attribute

The Operato L1VC Service LeveBpecification (SLS) Servicet&ibute is the technical spéei
cation of aspects of the service performance agreed to Rtg0Oand theOperata. For any
given SLS, a given Performance Metric mayray not be specified.

The value of th®perato L1VC SLS Service Attribute is eith&oneor a 3tuple of the formis,
T, PMOwhere

1 tsis a time that represents the date and time for the start of the SLS.
[R30] tsMUST be specified to the nearest second

1 Tis adurationthat is used in conjunction withto specify a contiguous sequence of time
intervals for determiningvhen performancebjectives are met.he units forfT are not
constrainedFor example, a calendar month is an allowable value. Since the duration of a
month varies it could be specified asg. from midnight on the 10th of one month up to
but not includig midnighton the 10th of the following month

[R31] T MUST contain an integer number of seconds.

1 PMis anonemptylist where each element in the list consists of a Performance Metric
Name, a list of parameter values specific to the definition of the PerfoenMetric, and
Performance Metric Objective.

A Performance Metric is a quantitative characterization of L1CI deliverytguadperienced by
the SP/SOMethods for the SP/S@nd he Operato to monitor theOperato L1VC performance

to estimate thislelivery quality are beyond the scope of tf8s&andard This section specifies the
following Performance Metrics:
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The Oneway Delay Performance Metr{Section8.4.3.3,

The Oneway Errored Second Performance Me{&ection8.4.3.9,

The Oneway SeverelfErrored Second Performance Mei{®8ection8.4.3.5,
The Oneway Unavailable Second Performance MefBection8.4.3.9, and
The Oneway Availablity Performance Metri¢Section8.4.3.7.

arwnpE

These are similar tdhe Perbrmance Metris for a Subscriber MC descibed in MEF 63[26]
but are morageneral becaugbey apply toboth theclient probcol L1CI of an Operator Access
L1VC and the ODU L1CI of an Operator Transit L1Section7.4). For brevity the term L1CI
is used to refer to both the client protocol L1CI and the ODU L1CI.

[R32] If PMcontains an entry with a givéterformance Metric Name, then the entry
MUST specify the related parametalues and the Performance Objective for
that Performance Metric.

An example of an Operator L1VELS Service Attribut€3-tuple) is shown inTable14.

Operator L1VC Service Level Specification
Tuple Entry | Value
ts 201707-01, 08:00:00 UTC
T onecalendarmonth
PM Oneway Availability Performance Metric
Ordered Operator L1VC End Point paid1, U20’
0 99.9%

Table 14 — Example of an Operator L1VC SLS with One Performance Metric

0 0 can contain multiple entries with a given Performance Metric Name, but one or more of the
parameter values associated with each objective for a given Performance Metric Name need to be
differert from each other. For exampie,0 could contain two objectes for the Onavay Delay
Performance Metriceach corresponding to a different value of the perceRtilésee Section
8.4.3.3.

[D2] The OperatoSHOULD supportan SLS with a value not equal tdone

[D3] TheOperato SHOULD supportan SLSwhere thd®M has separate entriesthvi
the same Performance Metriaie for each orderédperato L1VC End Point
pair in thevalue of theDperato L1VC End Point ListService Attribute

For example givenan Operato L1VC End PointList Service Attribute value 87, BQ’'the One
way Delay Performandeetric Objective for ordere@perato L1VC End Poinipair 6A, BOtould
be different than the Ongay Delay Performanckletric Objective for ordere®perato L1VC
End Pointpair 88, AOvhen the connectivity is provideaver a unidirectional ring
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so6  Forthe SLS, the sequencaftr  miplth8 is used wherd
807 Y o afY & pUY

gog  Each element of the sequenc¥, referred to as an interva, is used for assessing theccess

goo  of the Operato L1VC in meeting the Performance Metric Objectives of the SLS. Note that an
810 interval”Yhas a date and time for its start and end, v&sares simply a duration with no specified

811  start and end time. Further, an interiMis specified with respect to tis¢art of the SLSi.e.,0).

812 A sequence of seconds hQ Tiplt8 is defined where

~

813 ., o ™ 0 p

814 A L1Cl is considered to be in,a secondat an El(e.g., to evaluate errored L1Gthen the last
815  bit of that L1Cl arrives at #t B within that, secondNote that a L1CI could be in ope second
g16  at the hgress Eand a different second athte egress HseeAppendix D.

817 8.4.3.2 Hierarchy of Time

818 An SLS intervalYis divided into three categories: Available Time, Unavailable Tsre the text
g19  following Figure21) and Maintenance Interval Tin{seee the text followingrigure20). The SLS
820 Peformance Metric @jectives for the Oneway Delay Performance Metric, Omey Errored
g21  Second Performance Metric and @Gmay Severely Errored Second Performance Metric only ap-
g22  ply during Available Timé?! Figure19illustrates the reitionship between the three categories of

823 time in an SLS intervalyg2

SLS Intervadl,

| - . =
[ Unavailable Time] Available Time [ Malntenance J

Interval Time

- J

[ Errored Seconds J [ Non-Errored Second}

Severely Errored Non-Severely
824 Seconds Errored Seconds

825 Figure 19 — Hierarchy of Time

A value is in the range [X, Y) if X < value < Y. |
not including Y.

1 This is consistent withiote 6 of Figure I.1 in G.820[R4] Appendix L

2 Based on Figure6lin MEF 10.4[25].
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For a given ordered Operator L1VC End Point fiajiGand a giveriYlet
0 n Qi ompuséaﬁ' o, 6%,

Where‘O@(jf ” and'&° , are defined in SectioB.4.3.5' Informally, availability detected
occurs following ten consecutive seconds when

0N Qi ompo@(g’ F" )
Fora given secongl , the set of egress L1CI will be differaghtan the set of ingress L1Clelto
the transit delay (e.gapproximatelybms for 100@m of fibre), which may result in a negative

value for the above formulénformally, unavailability deectedoccurs following ten consecutive
seconds when

6 n QEdPO ™Y,  p
Figure 20 illustratesan example of the detection of unavailability and availabifigach SES
(gray square) ifrigure20indicates that thealue of0 1 Qi ompuxc?lho p for that second.

Each ES (crossed square) or effree secad (clear square) indicates that thalue of
0N Qi ompw(?lhO 1t for that secondNote that the ten consecutive seceddtectionin-

terval shifts by one second increments, referred to as a sliding window.

LT TP T T T T T [ P T XX P [ X DX T ] IIII|><lIT'me,
10s P <10s 10s .

< < >

Unavailability Availability
detected detected

[ SES introduced b@peradr L1VC
X ES (but not a SES) introduced ®peraor L1VC
[] Error-free second ove®peratr L1VC

Figure 20 — Example of Detection of Unavailability and Availability

Maintenance Interval Time (MIT) fod, jQ0 "O™HQ is defined as theetof, * s  wlYdgteédn
to by the SP/S@ndOperato during which theOperator L1VCmay not perform well or at all
Examples of a Maintenance Interiatlude!®

1 Anintervalduring which theDperato may disable th®perato L1VC for network
maintenance such as equipment replacement
1 Aninterval during which the SP/S&hdOperate mayperform joint fault isolation test-

ing.

BThevalueof 0 1) Qi (lh)bdiéﬁho,, can be approximated lilge Operator for an Access or Transit L1VC using
ODU tandem connection monitorimg G.709[16]. However, measurement techniques beyond the scope of this
Standard

1 This figure is based ofigure A.lin G.820[24] Annex A.

5 This is consistent with G.77123] clause 10.2.
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850 1 Anintervalduring which theDperato makes SP/SO regstedchangs and makingsuch
851 changes may disrupt ti@perato L1VC.

852  The sliding window of ten seconds used to detect availability or unavailability operates inde-
853  pendently ofMIT. Consequently, a period of Unavailable Time (UAT) or Available Time (AT)
854  (defined formally belowincluding5 "@iQand! "6Q) of less than ten seconds could be entered
855  prior to a Maintenance Interval. Similarly, a period of AT or Uéduld be entered immediately

gs6  following a Maintenance IntervaFigure2lillustrates an example afMaintenance Intervatach
ShO

857 SES (gray square) iRigure 21 indicates that the value of ] ' Qi @puEd p for that
858  second. Each ES (crossed square) or drearsecond (clear square) indicates tteg valueof
859 U N Qi db)pd‘éfi’lho,, t for that secondNote that the consecutive SES introduced by the

860  Operator L1VC resulting in the detection of UAT are Unavailable Seconds (UAS) and do no
861  contribute towards th®@neway SverelyErroredSecondPerformance Metric

Maintenance Interval

'€ »
< >

L inAGH) i . inUi) . L))
IIIIIIIIIIIIIIIIiIIIIIIIIIIINOIXIIIIII><III><IIIIIIIII><IIT'me,
10s : 10s .

I Unavailabilty : Availabiity

Period of Period of detected i detected
Available Time | Unavailable Time Period of Available Time
< > < tl |<~ >

[ SES introduced by Operator L1VC
X ES (but not a SES) introduced by Operator L1VC
862 [] Error-free second over Operator L1VC

863 Figure 21 — Example of a Maintenance Interval

864  The formal definitions of AT and UAT follow? Each, HQ mipltf8 &belongs to one of two sets
ge5 | "AQor5 "Q The membership is determined by tbkkowing two expressions:

866 , N0 "AQ

g7 ForQ plti88

.6 HOEE v 6 HOAT BEAOA aAJHO B0 w OOAE / GHBHDE™,
s68 CUveioE £ v b AT B Qi @ead™®,  pA&IGO B 8RR
" YVEQEAE v Y'HQAT BEAOA (A DED OB 0 w OOAE 5 QRA @A™, o
ro GQELE  YEQAT n Qi wpcd™?,  mAIO o e

869 Then Available Time foﬁﬁ@and"Yis defined as

870 0 "'YAdY , hQ mipBg N6 @oh 1 "W, 10 '0™HQ

16 Note these definitions of Available Time and Unavailable Time are different than the Available Time and Una-
vailable Time defined in G.771@3] Table 25which do not explicitly state that MIT is excluded from the calcula-
tion of Available Time and Unavailable Time.
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and Unavailable Time fa¥@@and Yis defined as

Yo @Y  , hQ mipfBs N TYEOh 1 "Yh, 10 'OTHQ
8.4.3.3 Oneway Delay Peidrmance Metric

The Oneway Delay’ for the L1CI that ingresses atiEnd that egresses Bl is defined as the
time elapsed from the reception of the first bit of the ingress L1ElL aintil the reception of that
first bit of the coresponding L1Cl egssing at EJ.'8 This definition is illustrated ifrigure22.

First bit of the First bit of the
L1ClI arrives at L1CI arrives at
the ingress El, the egress El,
to 1
R

Increasing Time

One-way Delay = t; -ty

Figure 22 — One-way Delay for L1ClI

For a giverordered Operator L1VC End Point pair, denoiéfiyand a giveri, let’O Q@'Y
be the set of all Oneay delays for L1Cls that ingress at the El wh@sdocated during Available
Time. Note thaD 6G@IY can be empty, e.g., whén"YAGY 1 (i.e., is enpty). Letd be a
percentage intip Tt 1T

[R33] The SLSMUST define the Onavay Delay Performance Metricienoted
0 §AQY as

e NME @A@Y »
0 6QHY 5 L. e A e e m e e e
' 0 DAOAAT OET A T0OBAGE RODBDAOOEROAEIN

Table15 shows what is contained inPM entryfor theOneway Delay Performance Metric

Item Value

Performance Metrilame | Oneway DelayPerformance Metric

(0] Ordered pair oDperator.1VC End Points

P4 A percentage in (0, 100]

(0] Performance Metric Objectivia time units > 0

Table 15 — PM Entry for the One-way Delay Performance Metric

7 Oneway delay is difficult to measure and therefore-wr@sy delay mg be approximated from twavay measure-
ments. However, measurement techniques are beyond the scopeStdtidiard
18 This definition isconsisentwith G.7710[23] clause 10.1.2.
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[R34] The SLSMUST define the Onavay DelayPerformance Metric Objective as
metduring Available Timeover Y for aPM entry of the formin Table 15 if
and only ifO 6A@Y ©O.

Recall that for any giveSLS, a givenPerformance Metrimmay or may not bepecified (see Sec-
tion 8.4.3.

Note thatwo Oneway Delay Performance Metric Obje@s/Q, andQ; could be specified with
corresponding parametdpg: andPq. respectively wherePqg> > Pq1 (O being a longer delay ob-
jective associated with a higher percenfife (e.g., 100th}o bound potentially longer delajs-
lowing aprotection switch

Note that an ENNI demarcation is a point, such that the time of the first digiven L1Clto
egress one Opa ansgENNI s also the énievolice ffirkt bitof the same L1Cto
ingress the adjacef@p er at or “therensed¢rondelaykacross an ENNI

8.4.3.4 Oneway Errored SeconBerformance Metric

An errored second (ES) is defined as saeond, in Available Timewith at least one errored
block (EB)® and is not a SES (see®&ion8.4.3.5. An EB is defined as a block in which one or
more bits are in errdollowing Forward Error Correctiaff In this specificatia the L1CI corre-
sponds to a blockThe definition of an errored clieprotocol L1Clfor each category of client
protocol islistedin Table16.

19 This definition is consistent with G.82024] Annex A and G.771(R3] clause 10.1.2.
20 This definition is consistent with G.82024] clauses 3.1.1 and 3.2 aGd7710[23] clause 10.1.2
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Client Protocol / | Coding Errored Client Protocol L1CI Definition (1)

Physical Port

Ethernet

GigE 8B/10B An invalid codegroupas defined in lause 36.2.4.6 in
IEEE Std 802.38]

10GigE WAN Scrambled | A Section BIP8 anomaly/erross defined in lause
50.3.2.5in IEEE Std 802/8]

10GIgE LAN 64B/66B An invalid blockas defined in Gause 49.2.4.6 in IEEE St
802.3[8]

40GigE 64B/66B An invalid blockas defined in lause 82.2.3.5 in IEEE Stq

100GigE 64B/66B 802.3[8]

Fibre Channel

FC-100 8B/10B A code violatiores defined in Giuse 5.3.3.3 in FES2

FC-200 8B/10B [3]

FC-400 8B/10B

FC-800 8B/10B

FC-1200 64B/66B Clause 13n FC-10GFCJ1] points to IEEEStd 802.38]

FC-1600 64B/66B A code violationas defined in lause 5.3 in F&-S-3 [4]

FC-3200 64B/66B A code violationas defined in lause 5.3 in F&-S-4 [6]

SDH

STM-1 Scrambled | A Regenerator Section B1 error and errored bbsade-

STM-4 Scrambled | fined in dause 10.2.1.2 ifTU-T G.783[17]

STM-16 Scrambled

STM-64 Scrambled

STM-256 Scrambled

SONET

0G3 Scrambled | Section B1 gor monitoringas defined in lause 3.3.2.1 in

0C-12 Scrambled | TelcordiaGR-253-CORE[28]

0C-48 Scrambled

0C-192 Scrambled

OC-768 Scrambled

(1) The error detection capability of the coding functions varies.

Table 16 — Errored Client Protocol L1CI Definition

The definition of an errored ODU L1®& listedin Tablel7.
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ODUk Coding Errored ODU L1CI Definition
0 Scrambled | An ODUk path BIR8 error and errored blocks defined in
1 Scrambled | clause8.3.4.2in ITU-T G.798[18]
flex Scrambled
2 Scrambled
2e Scrambled
3 Scrambled
4 Scrambled
910 Table 17 — Errored ODU L1ClI Definition

o112  Per[R25], an ES at the ingress EI will typically result in an ES at the egress EIl. To quantify the
912  performance of the Operator L1VC the Gmay Errored Second Performance Metric is defined
913  as the diférence between egress ES and ingress ES.

914 [R35] For a givenordered Operator L1VC End Point pd@ifi®and a giver'Y, the
915 SLS MUST define the Onavay Erored SecondPerformance Metric afol-
916 lows:

AO PELEO AT %OOT OAA 3AATTA

L T . .

o Lt T GEAOXEOA
018 denoewhether there is aingress ESluring one second of Available Time
919 in “Yat the El where OperatadVC End Point is located.

~p O pELEO AT %OOI OAA 3AATTA
720 oLetO™ i GEAOxEOA
921 dende whether there is aegress ESluring the same one secgndof Avail-
922 able Timein "Yat the EwhereOperator.1VC End Poinj is located.
923 1 Thenthe Oneway EroredSecondPerformance MetribIUST be defired as:
924 (0} o @°

P  hh

925  The value of the Onway Errored Secon®erformance Metrics represented by the symlieid-
926 rored Second PM

927 For a given secong of Available Time, the set of egress L1CI will be different tham set of
928 ingress L1ClI da to the transit delay (e.@pproximatelyobms for 100@m of fibre). However, the
929  net effect on anErrored Second PNt expected to be negligible.

930 Table18 shows what is contained inRM entry for the Oneway Errored SecondPerformance
931  Metric.
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ltem

Value

Performance Metridlame

Oneway Errored Secon®erformance Metric

S ()]

Ordered pair oDperatol.1VC End Points

oY

Performance Metric Objectivexpressed asann t e g ¢

Table 18 — PM Entry for the One-way Errored Second Performance Metric

[R36] The SLSMUST define the Onavay Errored SeconBerformance Metric Ob-
jective as meturing Available Timeover Y for a PM entry of the formin
Tablel8if and only ifErrored Second PM 0O°Y

Recall that for any give8BLS a givenPerformance Metrimmay or may not be sgified (see Sec-

tion 8.4.3.

8.4.3.5 Oneway Severely Errored SecoReérformance Metric

A Severely Errored Second (SES) is defined as

f Onesecond, whi c h
in Section8.4.3.4 or

c o0 n tereoiedh L Ci>whéré &b errored L1Cl is defined

f Onesecond, which containsadefec (e.g., loss of signa.

A defectmay occuion ingresst@an Ope at o r ' sorwithentthe Operato * s

netmapr k

result in the insertion of a replacement sigr@nsportechnology specific)Note that a replace-
ment signal itself represena defect

Note that a §S is not counted a® &S (see 8ction8.4.3.9.

For example, ifhieOperator Access L1 Service is provided by an OTN nétwbe client protocol
defect, transport defect anelplacement signakferenceor each category of client protocate

listedin Table19.

21 This definition is consistent with G.82(24] clause 3.1.2
22 This definition is consistent with §201[24] clause 7.1.2 an6.7710[23] clause 10.1.2
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956
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958
959
960
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Client Protocol / | Defects and Replacement signal
Physical Port Clause reference in B9[16]
Ethernet
GIigE 17.7.1
10GigE WAN 17.2
10GigE LAN 17.2
40GigE 17.7.4
100GigE 17.7.5
Fibre Channel
FC-100 17.7.1
FC-200 17.72
FC-400 17.91
FC-800 17.91
FC-1200 17.8.2
FC-1600 17.92
FC-3200 17.93
SDH
STM-1 17.7.1
STM-4 17.7.1
STM-16 17.2
STM-64 17.2
STM-256 17.2
SONET
0OC-3 17.7.1
0OC-12 17.7.1
0C-48 17.2
0C-192 17.2
OC-768 17.2

Table 19 — Defects and Replacement Signal per Client Protocol in OTN

As anotheexanple, if theOperator Transit L1 Service is pided by an OTN network, the server
defectdetection(OTUK) andreplacement signdODU-AIS) referencesrelistedin Table20.

Function Definition Reference
Server defect detectiaand | OTU/ODU Adaptation Sink | G.798 Section 13.3.1[28]
replacement signal insertiof ODU-AIS replacement signal| G.709 Section 16.5[16]

Table 20 — Server Defect Detection and Replacement Signal for ODUk

Per[R25], a SES at the ingress EI will typically result in a SES at the egress EIl. To quantify the
performance of the Operator L1VC the Gmay Severely Errored Second Perfame Metric is
defined aghe difference between egress SES and ingress SES.

[R37] For a givenordered Operator L1VC End Point pdfi®and a giver'Y, the
SLSMUST define the Onavay SeverelyErroredSecondPerformance Metric
asfollows:
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A0 pEEEO A 3AOAOAT U %OOT OAA 3 AATTA
o Lt i GEAOXEOA
962 denotewhether there is amgressSES during one secongl within “Yat the
963 El whereOperatoriL1VC End Point is located.

~p O PE/LFEO A I3 AOGACDRA OAA 3AAITTA
%4 fLletO™, i GEAOXEOA
965 denotewhether there is aagressSES during the same one secondwithin
966 “Yat the EwhereOperator.1VC End Poin{ is located.
967 1 Thenthe Oneway SeverelyErrored SecondPerformance MetridIUST be
968 defined as:
969 (0} © ” @° "

P hh

970 The value of the Onway Severely Errored Second Performance Metric is represented by the
971 symbolSeverely Errored Second PM

972 For a given secongd of Available Time, the set of egress L1CI wik ldifferent than the set of
973 ingress L1ClI da to the transit delay (e.@pproximatelyobms for 100@m of fibre). However, the
974  net effet on aSeverelyErrored Second PNk expected to be negligible.

975  Table21shows what is contaidan aPM entryfor theOneway Severely Errored Secorrerfor-
976  mance Metric

977
Item Value
Performance Metrillame | Oneway Severely Errored Secoriterformance Metric
[0[p10)] Ordered pair oDperato.1VC End Points
YOY Performance Metric Objectivexpressed asannt e g ¢
978 Table 21 — PM Entry for the One-way Severely Errored Second Performance Metric
979 [R38] The SLSMUST define the Onavay Seveely Errored Second Performance
980 Metric Objective as maluring Available Timeover“Y for a PM entry of the
981 formin Table21if and only if Severely Errored Second PM "YO."Y

982  Recall that for any giveBLS, a givenPerformace Metricmay or may not be specified (see Sec-
983 tion 8.4.3.

984 8.4.3.6 Oneway Unavailable SeconBerformance Metric

985 An Unavailable Second (UAS) is defined as a second during Unavailable Time (8&dt)on
986 8.4.3.2.
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[R39] For a givenordered Operator L1VC End Point paind a given'y, the SLS
MUST define the Onavay UnavailableSecondPerformance Metric as the to-
tal number of UAS for therdered Operator L1VC End Poipdir over"y.

The value of the Onway Unavailable Second Perfmance Metric is represented by the symbol
Unavailable Seconds PM

Table22 shows what is contained irPV entryfor theOnewayUnavailable SeconBerformance
Metric.

Item Value

Performance Metriblame | Oneway Unavailable SeconBerformance Metric

0AQY Ordered paiof Operato.1VC End Points

Yo Y Performance Metric Objectivexpressed asann t e g ¢

Table 22 — PM Entry for the One-way Unavailable Second Performance Metric

[R40] The SLSMUST define the Onavay Unavailable Second PerfornzanMetric
Objective as met ovél for aPM entry of the formn Table22 if and only if
Unavailable Seconds PM “Y8Y

Recall that for any giveSLS a givenPerformance Metricmay or may not be specified (see Sec-
tion 8.4.3.

8.4.3.7 Oneway Availability Performance Metric

Availability is defined as theaumber of seconds of Available Time divided by the sum of the
number of seconds of Available Time plus the number of seconds of Unavailable Timsexpres
as apercentage over a given interv¥l(Section8.4.3.9.23

[R41] For a givenordered Operator L1VC End Point paind a giveriy, the SLS
MUST define the Onavay Availability Performance Metric for therdered
Opertor L1VC End Poinpair over the time inteal "Yas:

D "YARY s
D YAHYs sYO "AAYs

wpmmp

when © "YAAYs sYO "A@Ys mand 100% otherwise

where the vertical bars around each set indicate the number of elements in the
set.

Thevalue of the Onavay Availability Performance Metric is represented by the symivaila-
bility PM.

23 Note this definition of Available Time is different than the Available Time defined in G.[2ZB]0rable 25which
does not exjititly state that MIT is excluded from the calculation of Available Time.
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For example,dr |6 "YA@Y | = 2,591,974andsSY6 @Y s= 26, thenthe Availability PMis
99.999%

Table23shows what is contained irPiM entryfor theOneway Availability Performance Metric

Item Value

Performance Metrilame | Oneway Availability Performance Metric

0AQY Ordered pair oDperator.1VC End Points

0 Performance Metric Objectivexpresed as a percentagé>

Table 23 — PM Entry for the One-way Availability Performance Metric

[R42] The SLSMUST define the Onavay Availability Performance Metric Objec-
tive as met overYfor aPM entry of the fornmin Table23if and only if Avail-
ability PM = 0.

Recall thafor any givenSLS a givenPerformance Metricnay or may not be specified (see Sec-
tion 8.4.3.

8.5 Operator L1VC End Point Service Attributes

An Operator L1VCENd Point $ a logical entity at a givenl Ehat is associatewith L1CI passing
over that E Per SectiorB.4, an OperatorL1VC is an association of tw@peratorL1VC End

Points. A OperatorL1VC End Point represents the logiattachment ofraOperatorL1VC to

an El.

8.5.1 Operator L1VC End Ruildentifier Service Attribute

The value of th®©perator LIVCENnd Point Identifier Service Attribute is &ing that is used to
allow theSP/SO and Operator to uniquely identify @perato L1VC End Point

[R43] The value of th®perator L1VCENd Point IdentifieMUST be unique among
all suchidentifiers forOperator L1VCENd Points suppted by the Operator
network

[R44]  The value of th®perator L1VCENd Point IdentifieMUST contain no more
than 45characters?

[R45]  The value of the Operator MIC EndPoint IdentifieMMUST be a nomull RFC
2579[10] Display String but not contain the characters 0x00 through Ox1f.

8.5.2 Operator L1VC End Point External Interface &gervice Attribue

The value of th®©perator L1IVCEnd Point External Interface Type Service Attribute is eitHér
or ENNIL.

24 The limit of 45 characters is intended to establish limits on field lengths in existing or future protocols that will

carry the identir.
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1042 8.5.3 Operator L1VC End Point External Interface Identifgervice Attribute

1043 The value of th®perator L1VCENnd Point External Interface Identifier SeevAttribute is either
1044 an OperatoENNI Identifier Service Attribute value per Secti®r2.1or an Operator UNI Identi-
1045 fier Service Attribute value per Secti8B3.1

1046 [R46] If the value of theDperator LYC End Point External Intéace Type Service
1047 Attribute is ENNI, then the value of th®perator L1IVCEnd Point External
1048 Interface Identifier Service AttributUST be an Operator ENNI Identifier
1049 Service Attribute value per Secti@m2.1

1050 [R47]  If the valueof the Operator L1VCENd Point External Interface Type Service
1051 Attribute isUNI, then the value of th@perator L1VCENnd Point External In-
1052 terface Identifier Service AttributUST be an Operator UNI Identifier Ser-
1053 vice Attribute valueper Sectior8.3.1

1054 The combination of the Operator L1VC End Point External Interface Type value (S&&ign
1055 and the Operator L1VC End Point External Interface Identifier value serve to spespBcific
1056 EI. The Operator L1VC End Point is said to be at this EI.

1057 854 Operator L1VC End Point McBerviceAttribute

1058  The value of thédperator L1VC End Point MaService Attribute iitherNot Applicableor a
1059  nonempty list of 2tuples of the fornd@ Y ®

1060 [R48] The value of the Operator L1VC End Point Map Service AttrilbdtéST be
1061 Not Applicablaf, and only if, the value of the Operator L1VC End Point Inter-
1062 face Type Service Attribute ISNI.

1063 In the 2tuple &Y ®where’® phtf8 AQ and Qis spedied in the value of the ENNI List of
1064 Physical Layes Common Attribute ection8.1.2 for the ENNI identified by the value of the
1065 Operator L1VC End Point External Interface Identifier Service Attrif@eetion8.5.3 and”Y"¥
1066 either:

1067 1 A specification of the Tributary Slots occupiedin a HO ODUi of the form
1068 el EOO 1 mwheresO Apg AiOa® to indicate the nominal Tributary Slot rate in
1069 Gb/s[Table 7-9 in G.709[16]] or

1070 T Null.

1071 TheOperator L1VC End Point MaService Attribute specifies which bits that cross the ENNI are
1072 mapped to and from th@perator L1VC End PointY"Y Null indicates thaall bits of the ODU
1073 crossing the ENNI armapped to th©perator.1VC End Pointandi = k.

1074 [R49] Thevalue of theDperator L1VC End Point MaService AttributdMUST con-
1075 tain an entry withiQ "Q
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Note that itis the responsibility of the SP/SO to ensure thatvalue of6CHY'®be used in the
value of the propeDperator L1VC End Point MaService Attribute in the peering Operator Net-
work.

[R50] The value of the Operator L1VC End Point Map Service AttribdtéST be
such that each value @?s unique within the list of 2uples.

Referring to theFigure 23 example, cosider theOperatorC AccessL1VC betweenUNI 1 and

ENNI 1 which has an ENNI List of Physical Layers Common Attribute with an ifdext in the

value of the entrycO'Suppose the SBnd OperatoC agree that the client protocisl FC-400,
whichis mappednto a LO ODUflex that is further multiplexed intloHO ODU2.The details of

how LO ODUs are multiplexed into the Tributary Slots of HO ODUs are defined in clause 19 of
G.709[16]. Then the value of th®peratorC L1VC End PointMap Service Attribute could be
&pg vplgfolt Qaripg vudp 1 P & ® t b gO'where the LO ODUflex is multiplexed into
Tributary Slots 14 of a HO ODUZ2, which is multiplexed into Tributary Slotd® of the HO
ODU4 exchanged at ENNI (s indcatedby the black ellipse, only the associated L1VC End
Point is shown for clarity)

ServiceProvider Network

@ Operator L1VC End Point

@ Multiplexed L1VC EnBoint
Figure 23 — Operator Access and Transit L1VCs Example

Continuing the example for the Operator D Transit L1VC, at the same ENNLECh has an ENNI
List of Physical Layers Common Attribute with an ind@x 1 in the value of the entr§cQthe

SP and Operator D agree on the value ofQperatorD L1VC End Poith Map Service Attribute

to be:0rfp& vudp fp o & & tp p @O Operator D is responsible for transporting the HO ODU2
and has no need to know #sucture, only the Tributary Slots it occupies in the HO ODQbdi-
cated by the black ellipse, only the asstexdd 1VC End Point is shown for clarityht ENNI 2,
which has an ENNI List of Physical Layers Common Attribute with an in@exc in the value
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of the entryicQthe SP and Operator D agree on the value dbgreratoD L1VC End Point M@
Service Attribute to beicf) 6 @{fote there is no multiplexing by Operator D for delivering the
HO ODU2 across ENNI 2, therefore tNeill value and no bl ellipseis in the figure)

For the Operator BccessL1VC between ENNI 2which has an ENNI ist of Physical Layers
Common Attribute with an inde® ¢ in the value of the entgcQand UNI 2, the SP and Oper-
ator E agree on the value of tlaperatorE L1VC End Point M@ Service Attribute to be:

& pg vplgfoft Giwhere the LO ODUflex can be demulépled from Tributary Slots-4 of the

HO ODU2(indicated by the black ellipse, only the associated L1VC End Point is shown for clar-
ity) and delivered to UN2 where the F&l0O client protocol is demapped.
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9 Operator Layer 1 Service Definitions aReéquirements

The OperatolL1 Servicedefinitions in thisStandarduse theService Attribute framework de-
scribed in Sectio®.1 Based orthat frameworkthe four types of Service Attributes are used to
define a given Operatdrl Service ENNI (Section8.2), Operator UNI(Section8.3), Operator
L1VC (Section8.4) and Operator L1VENd Point(Section8.5). Note that ENNI Common At-
tributes (Sectio®.1) are, by definition, common to all Operator L1 Seegwith Operator L1VC
End Points at the ENNThis sectiondoes not impose any constraints on the values of the ENNI
Common Attributes as specified $ection8.1

Section9.1provides the requirementsrfan OperatorAccess.1 ServiceandSection9.2 provides
the requirementr an OperatorTransitL1 Service

9.1 Operator Accessdyer1 ServiceDefinition andRequirements

An OperatorAccessL1 Service is an Operatdrl Service thatuuses arOperator LYC which
associatesne Operator L1VE&nd Point at a UNI and or@perato.1VVC End Point at an ENNI,
thatis, where the Operator MIC End Point List Service Attributealue containsone Operator
L1VC End Point with an Operator MC End Point External Intdace TypeService Atribute
valueof UNI andone with an Operator MC End Point External Interface Ty@ervice Attribute
valueof ENNIL

Figure9 illustrates several examples of an Operator Access L1 Service.

The Operator Access L1 Service defiitis specified in terms of the Service Attributes in Section
8. The additional requirement below applies for the Operator L1VC End Point List Service Attrib-
ute (Sectiond.4.2.

[R51] For an Operator Accedsl Service oe of theOperator L1VCENd Points in
thevalue of theOperator L1VCENd Point ListService AttributdMUST beat
an ENNI and the othéviUST beat a UNI.

9.2 Operator Transit yer 1 ServiceDefinition andRequirements

An Operator Transit LBerviceis an OperatoL1l Sewice thatusesone Operator L1VQ@vhich
associates one OperatdrVC End Point at an ENI and onéDperatol.1VC End Point at another
ENNI; thatis, where the Operator MC End Point List Service Attributealuecontainswo Op-
erator LVC End Poins whereboth havean Operator L¥C EndPoint External Intdace Type
Service Attribute valuef ENNI.

Figure9illustratesan examplef an Operatof ransitL1 Service.

The Operator Transit L1 Service definition igsjiied in terms of the Service Attributes in Section
8. The additional requirement below aigglifor the Operator L1VC End Point List Service Attrib-
ute (Section8.4.2.
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1143 [R52] For an Operator Transit L1 Sere both ofthe Operator L1VCENd Points in
1144 thevalue of theOperator L1VC End Point Lisservice AttributdMUST beat
1145 ENNIs.
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Appendix A Additional Multiplexing Exampleginformative)

In Figure24, the OTUkiss pl it i nto parall el | anes referred
Transport Lanes (OTL) that carry one OTUK. Iniample he v al ue  ,whithnfean§ i s f
thatan OTW is carried over théour lanesof an OTLk.4. Each of the four lanes is carried over a
corresponding OTSi, forming an OTSi Group (OTSIG)

GigE FG400 FG1600
Ma
pped & FC100 FG800 FG3200
Multiplexed STML
Client 0G3
Protocols STM4
| 0G12
j=0 j=flex j=flex
1 %™ 1 %H 1 %0
LO OPUj
LO ODUj
ENNI
Coding
Function

OTUk
oTLk4| OTLk4| OTLk4| OTLk.4
Optical Interface[ _ . ) . .
Function OTSi| OTSi| OTSi| OTSi jexsie

Figure 24 — Example of Mapped & Multiplexed Client Protocols over OTLk.4 and OTSiG

In Figure 25, the diredly mapped client protocols are illustrated being multiplexed into HO
OPUK/ODUK along with the mapped and multiplexed client protocatée khat for a 100GigE
client protocol, which is mapped into a LO OPU4/ODUA4, there is no higher rate HO OPU/ODU
definedfor multiplexing (i.e., not considering the OPUCn/ODUCN/OTUCH in this version of the
document).
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Mapped &
Multiplexed
Client
Protocols

Optical Interface[

FG400 FG1600 10GigE| 10GigE
WAN | LAN
FG800 FG3200
STM64 | FG1200
0G192
j=flex j=flex j=2 | j=2e 3
1 XH 1 %o ko | 1 xo k=4
LO OPU;j
LO ODUj

Directly
Mapped
Client
Protocols

Figure 25 — Example with Directly Mapped Client Protocols included in HO Multiplexing

In Figure26, the mappd and multiplexed client protocols (i.e., mapped into LO OPUi/ODUi and
multiplexed into HO OPUj/ODUj) are further multiplexed with other HO OPUj/ODUj into a Super
HO (SHO) OPUK/ODUEk. This scenario is possible 8hared ENNI, where Access L1VCs asso-
ciatedwith one Service Provider are aggregated into a HO OPUj/ODUj, then raxégbivith HO
OPUj/ODUj associated with other Service Providers into the SHO OPUk/OD bilafaloff athe

ENNI.
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GigE FG400 FG1600
Mapped & FG100 FG800 FG3200
Multiplexed STM1
Client 0G3
Protocols ST
0G12
!=0 i=.flex i=‘flex
ENNI
Coding
Function
ENNI |
Optical Interface[
Function
1219

1220 Figure 26 — Example of Mapped & Multiplexed Client Protocols in SHO Multiplexing
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Appendix B Relationship BetweenOperator L1VCsand ODUK Paths (In-
formative)

An Operator L1VC does not typically correspond to an ODUK path. For example, a possible set
of ODUK paths supporting the Operator L1VCs frbrgure14 is shown inFigure27 (which has

been reorganized to compare the Operator L1VCs with the supporting ODUkK jéilas) are
nonOTN path segments at each eridhe connectivity between UNI 1 and UN(&g, physical

links native to the client protocol). Therefore, in this examghils 1 and 2o not coincide geo-
graphically with the locations of the LO ODUZ2e patterhead terminatiourther ENNIs 1 and

2 do not correspond 0O ODUZ2epath overhead termation points. The same applies for the
connectivity between UNIs 3 and 4 in the Operator C and D netwaritss example we assume

that a HO ODU3 is used to rtiplex and carry the two LO ODUZ2e across ENNI 1. There is no
Operator L1VC associated withettHO ODU3.

The relationship between an Operator L1VC End Point and the LO/HO ODU structure at an ENNI
is described by the Operator L1VC End Point Map ServicabAite (Sectior8.5.4).

L1

Operator E UNI 2
Lo ObU2e

Access L1VC

Operator D

Transit L1VC

LO ODU2e
Access

ENNI ENNI
AccessL1vC 1 TransitL1VC 2 Access L1VC

@ rrrnnannannans ? ....................... )
L1 L1
UNI 1|: ’ i| UNI 2
.......... )
L1
] UNI 4

, \ LO ODU2e Path

Operator L1VC End Poinf

<

@
Multiplexed Operator
HO ODU3 Path L1VC End Points
‘ OTN Path Overhead

Non-OTN Path

Figure 27 — Operator L1VCs and ODUk Paths Example

The following discusses the value of the Operator Path OwkB®eaice Attribute (Sectiod.2.3
for each of the three OperatorsHigure27. The value of the Opetar C Path Overhead Service
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Attribute isList, with asetof overhead entries (s@@&ble9) for each LO ODUZ2e terminateat
UNI 1 andUNI 3. The value of the Operator E Path Overhead Service Attributstjsvith aset
of overhad entriegor the LO ODUZ2e terminattat UNI 2 TheSP/SO(not shown in the figure)
agrees with Operator Cand OperatorE to establish consistemalues of the overheashtriesfor
the LO ODUZ2e terminateat UNI 1 andUNI 2, respectively

The value of th®©perator DPathOverhead Service Attribute lisst, with asetof overhead entries
for the LO ODUZ2e terminattat UNI 4 Note thatOperator D does not terminate the LO ODU2e
supporting the Transit L1VC, so there is no associsg¢eof overhead entrie§he SP/SCagrees
with Operator CandOperatorD to establish consistenalues of the overheahtriesfor the LO
ODU2eterminatedat UNI 3 andUNI 4, respectively

ENNI 1 is a Type 3 ENNI (seeigure13) and he HO ODU3 overheadhlues arespecified bythe
ENNI List of Physical Layer€ommon Attribute (SectioB.1.2), agreed by Operator C and Op-
erator D.
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1252 Appendix C ENNI Hapin Connectivity (Informative)

Operator Layer 1 Service Attributes and Services

1253 In the Figure 28 example networkDperatorC is unable to provid¢éhe desirecconnectivity be-
1254 tween UNI 1 and UNI 3 within iteetwork The SP/SO arrangésr Operator C to provide Access
1255 L1VCs from UNI1 and UNI 2to ENNI 1 andfor OperatorD to provide aTransit L1VC with
1256  Hairpin Connectvity at ENNI 1. The traffic from thé®perator DTransit LIVC End Points at
1257 ENNI 1 use diffeent Tributary Slots in thenultiplexed HO ODUk across ENNI 1 to the Operator
1258  C network. For example, if th@peratorC Access L1VCs and the OperafTransit L1VCare
1259 carried in an ODU2e and the value™@f ofor ENNI 1, thenthe values of the correspondj
1260 Operator.1VC End Point Map Service Attute (Section8.5.4) could beas listed in the tables in
1261  Figure28.

Service Provider
Network

Operator D

Access

(Type 3)

@ Operator L1VC End Point

@ Multiplexed L1VC End Points

Operator C L1VC End Point | Operator C L1VC End Point Map at

Identifier at ENNI 1 ENNI 1
1 ®1251,23456789 O ]
2 ®,1.25 10,11,12,13,14,15,16,17,18 O

Operator D L1VC End Point | Operator D L1VC End Point Map at

Identifier at ENNI 1 ENNI 1

3 8,125 1,2,3456,789 O

4 8,125 10,11,12,13,14,15,16,17,18 O
1262
1263 Figure 28 — Example of ENNI Hairpin Connectivity
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1264  Appendix D Evaluation of Onewvay Errored Second Performance Metric (In-
1265 formative)

1266  The Oneway Errored Second Performance Metric is defined in se8tB.4as:

1267 (o @9,

P hh

1268  As discussed, for a given secgndof Available Time, the set of egress L1€ainbe different than
1269  the set of ingress L1CI due to the transit delay (egproximatelyoms br 1000km of fibre). An
1270  example of the effect of this delay on the evaluation of thewzneErrored Second Perfoamce
1271 Metric is illustrated irFigure29.

% }X i }X } i Ingress EI datésec groups of L1CI)
s i i i i i
5ms i i i i |
% }X IX %X } I » Egress EI datasec groups of L1ClI,
i i i i i i offset due to 5ms transit delay)
0 1 2 3 4 5  t(sec)Egress Elsec)
Ees—les= -1 +1 0 +1 0
X indicates an errored L1CI was detected at that El
1272
1273 Figure 29 — Example Evaluation of the One-way Errored Second Performance Metric

1274 In the example, the egress Elis used to determine whether there was an ingress or egress ES.
1275 For a delay of 5ms, 0.5% of the L1Cl arriving at the ingress El during a giveuill be evaluated

1276 in the following, at the egress El. Note there is a similar effecthenevaluation of the One

1277 way Severely Errored Second Performance Metric.
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1278 Appendix E Use Cases (Informative)

1279  The following sections provide examples of Subscriber L1 Sengeecasesomposed of Opera-
1280 tor L1 Services

1281 E.1 Router Interconnect

1282 In this use cas®©perator Ahas two independent business u(i8tl). TheOperator AMetro BU
1283  provides typical residential and business serwgésn a metro The services in different mels
1284  are interconnecteassing routersThe Operator A TranspoBU provides the regional intevanect
1285 betweerarea served by th®perator AMetro BU. In theFigure30 example, théootprint of the
1286  Operator A Transport network sipplementedhroughan arrangement with Operator B to use
1287  their national backbongervice Note that in this example th@perator AMetro BU is the Sub-
1288  scriberfor the ten Subscribérl Service interconnecting the tegpairs ofroutersand the Operator
1289 A TransportBU is the Service Provider

Service ProvideNetwork

10Gi 0GigE
Operator A oTU4 OperatorB oTU4 Operator A
Transport BU NationalBackbone Transport BU
Router ® Router
0 Pt 9939 oD-U_Z_e ......... 1
Operator A o hhem ] P\ o Operator A
Metro BU : : T EeemiE : o Metro BU
...................... .
Router EHg==""""" opu2e ODUZe " """ uus Router
10 : Operator ENNI Operator ENNI Operator 10
NIS\ Access LIVG 1 Transit LIVC > Access L1vGe” UN)
Subscriber LServices
-------- OperatorAccess L1VC @ Operator L1VC End Point
=== w= = OperatorTranst L1VC ® Multiplexed Operator
L1VC Eng&oints
1290
1291 Figure 30 — Router Interconnect Example

1292 The routefto-router transport connectivity is composed of twenty Operator A Access LA®ICs

1293  in each region) plus a single Operator B Transit LLVC. Each Operator A Access L1VC provides
1294 adaptation of a 10GigE client protocol into a LO ODU2e daetawhich is themultiplexed with

1295 otherL O O D digted HO ODU4 for handoff at an EN{Mlustrated by a black ellipse pair

1296  of short reacliprotected)OTU4 optical interface(not shown in the figuray used foeachENNI

1297  interconnectThe Operatr B Transit L1VCsuppors the HO ODU4 between ENSIL and 2.

1298  ExampleENNI Common Attribute values arkervice Attribute values for the Operator A Access
1299 L1 Services with Operator L1VC End Poistatthe left set ofJNIsand ENNI land the Operator
1300 B Transt L1 Serviceare provided in the following tables.
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ENNI Common Attribute

ENNI 1

ENNI Peering Identifier

Sydneygatewayl

ENNI List of Physical Layers

Working éc, oO'c = &, {OTUK TTI, Disabled, { OTUk
GCCO,Disabled, { OTUk OSMC, Disabled, Non&>

0 =411-9D1F

Protectionic, o0'c = &, {OTUk TTI, Disabled, {OTUk
GCCO,Disabled, {OTUk OSMC, Disabled, Non&Y

0 =411-9D1F

ENNI Protection

1+1 unidir SNC/I

Table 24 — Example ENNI Common Attribute Values for ENNI 1

Note thatENNI 1 is a Type 2 handoftee Sectioid.3).

The value of the Optical Interface Functigil-9D1FGHecodes as follows:

4. 4 wavelengths
I: 10km reach
1: single span

D: no amplifiers necessary
1: 1310nm source over G.652 fibre

1
1
1
T 9:NRZ 25G class
1
1
1

F: G.709 FEC required
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Operator ENNI Service
Attribute

Operator A- ENNI 1

Operator ENNI Identifier

Sydneygatewayl-10GigEAgg

Operator Multipleing
CapabilityList

{ODUO-ODU4: 80 ODU1-ODU4: 40 ODU2-ODU4: 10
ODU2e0ODU4: 1G

Operator Path Overheac

ODU2e forAccess L1VC 1{ODU TTI, Enabled, { ODU GCC1,
Disabled, { ODU GCC2,Disabled, { ODU APS,Disabled
ODU2e forAccess L1VC2: {ODU TTI, Enabled}, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e forAccess L1VC3: {ODU TTI, Enabled, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e forAccess L1VC4: {ODU TTI, Enabled, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e forAccess L1VC5: {ODU TTI, Enabled, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e forAccess L1VG6: {ODU TTI, Enabled, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e br Access L1VC7: {ODU TTI, Enabled, {ODU GCC1,
Disabled}, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e forAccess L1VC8: {ODU TTI, Enabled, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e forAccess L1VCO: {ODU TTI, Enabled, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled
ODU2e forAccess L1VC10: {ODU TTI, Enabled, {ODU GCC1,
Disabled, {ODU GCC2, Disabled, {ODU APS, Disabled

HO ODU4: {ODU TTI, Enabled, {ODU GCC1, Disabled,
{ODU GCC2,Disabled, {ODU APS, Disabled

Table 25 — Example Operator ENNI Service Attribute Values for Operator A at ENNI 1

In theFigure30 examplethe Operator ATransportBU is using theODU2e ODU4: 10multi-
plexing sequence at boENNISs.

Operator UNI Service Attribute UNI 1

Operator UNI Identifier

Metro-Node3Slot2Portl

Operator UNI Physical Layer ¢Ethernet, 10GBASR PCS clause 4€oding func-

tion, LR PMD clause 52

Table 26 — Example Operator UNI Service Attribute Values for Operator A Access L1 Ser-

vice 1
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Operator L1VC Service Attribute

Operator A Access L1VC 1

Operator 11VC Identifier

Accesd_1VC1-Metro-Sydney

Operator L1VC End Point List

dMetro-1, Sydnesi

Operator L1VC SLS

ts | 201807-01, 08:00:00 UTC

T one calendar month

PM | Oneway Availability Performance Metric

dMetro-1, SydneylO'

99.999%

Oneway Avalability Performance Metric

&Sydneyl, Metro10

99.999%

Table 27 — Example Operator L1VC Service Attribute Values for Operator A Access L1

Service 1

See Sectio.4.3for the definition of thd®M entry.

Operator L1VC End Point
Service Attribute

Operator L1VC End Point at ENNI 1

Operator L1VC End Point Identifie

Sydneyl

Operator L1VC End PoiriExternal
Interface Type

ENNI

Operator L1VC End Point Externa
Interface Identifier

Sydneygatewayl-10GigEAgg

Operator L1VC End Point Map

TV v v v v~

Table 28 — Example Service Attribute Values for the Operator L1VC End Point at ENNI 1
for the Operator A Access L1 Service 1

Table29 lists example values for the Operator L1\EDd Point Map Service Attribute at ENNI 1
for the remaining nine Operator A Access L1 Services.

Operator L1VC End Point Operator L1VC End Point Map at ENNI 1
Identifier at ENNI 1

Sydney? aipg vuip fp i & @ p g O
Sydneys axipd wp b p & f & & & 16
Sydney! xipg vc &t & & & o o fo O
Sydneyb apg vo w v w @ o w o IO
Sydney6 Gfpg vt fr @ & T & @ YO
Sydney? Gripg ut @ fo o @ & v B
Sydness xipg o o b & o i & & 1O
Sydneys xipg v i & Jp fp furix fx <O
Sydneyl0 oripg ux & tx tx & X X 1O

Table 29 — Example Service Attribute Values for the Operator L1VC End Point Maps at
ENNI 1 for the Operator A Access L1 Services 2 through 10

WD 0.34

© MEF Forum 2019. Any reproduction of thisStandard or any portion thereof, shall contain the followir
statement: "Reproduced with permissioMiEF Forum." No user of thiStandards authaized to modify any
of the information contained herein.

Page67



1328
1329

1330

1331
1332

1333
1334
1335
1336

1337
1338

1339

2\

Tier Operator Layer 1 Service Attributes and Services

Operator L1VC End Point Operator L1VC End Point at UNI 1
Service Attribute
Operator L1VC End Point Identifie] Metro-1
Operator L1VC End Point Externa] UNI

Interface Type
Operator L1VC End Point Externa] Metro-Node3Slo2-Portl
Interface Identifier
Operator L1VC End Point Map Not Applicable

Table 30 — Example Service Attribute Values for the Operator L1VC End Point at UNI 1
for the Operator A Access L1 Service 1

Operator ENNI Service Operator B - ENNI 1 Operator B - ENNI 2

Attribute

Operator ENNI Identifier Sydneygatewayl-100G | Melbournegatewayl-100G

Operator Multiplexing Capability { ODU1-ODUA4: 40 {ODU1-0ODU4: 40

List ODU2-0ODU4: 10 ODU2-0ODU4: 10
ODU2eODU4: 14 ODU2eODU4: 10

Operator Path Overhead None None

Table 31 — Example Operator ENNI Service Attribute Values for the Operator B Transit
L1 Service

Note that in thd-igure 30 example, Operator B is not providing any multiplexing at the ENNIs.
This is identified by the values of the correspondgerator L1VC End Point Magntries in
Table33.

Operator L1VC Service Attribute | Operator B Transit L1VC 1

Operator L1VC ldentifier TransitL1VG-1-SydneyMelbourne
Operator L1VC Bd Point List éSydneyGW-1, MelbourneGW-10'
Operator L1VC SLS ts |201807-01, 08:00:00 UTC

T | one calendar month

PM | Oneway Availability Performance Metric
&SydneyGW 1, MelbourneGW-10
99.999%

Oneway Availability Performance Metric
Melboune-GW-1, SydneyGW-10'
99.999%

Table 32 — Example Operator L1V C Service Attribute Values for the Operator B Transit
L1 Service

SeeSection8.4.3for the definition of thd®M entry.
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Operator L1VC End Point Operator L1VC End Operator L1VC End
Service Attribute Point at ENNI 1 Point at ENNI 2

Operator L1VC End Poiritlentifier | SydneyGW-1 MelbourneGW-1
Operator L1VC End Point Externa| ENNI ENNI

Interface Type
Operator L1VC End Point Externa| Sydneygatewayl-100G | Melbournegatewayl-

Interface Identifier ] 100G

Operator L1VC End Point Map ah) o Oa ah) 6 Wa
1340 Table 33 — Example Service Attribute Values for the Operator L1VC End Points for the
1341 Operator B Transit L1 Service
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E.2 Enterprise Computing Interconnect

In theFigure31 use casgOpeaator D is also the Service Provider and offers business sefveces
Subscriber L1 Servicesd Enterprises, specifically the interconnection of individual campuses
with ther remote computing resourcdshe following discussion providesiascriptionof the use
case connectiwtfor Enterprise 1working from right to leftin the north Operator D geographic
region, each Access L1VC provides adaptation of a 10GigE clieragmionto a LO ODU2e
container, which is carried separately for handoffeagraphically divers&NNIs4 and 5 A pair

of short reacl{protected)OTUZ2e optical interface(not shown in the figure} used for ENNI 4
and anothepair for ENNI 5. In the soth Operator D geographic region, eight Access L1VCs
provide similar connectity, they are aggregated into a (partial fill) HO ODU4 for handoff at
ENNI 3 (illustrated by the black ellipseh pair ofshort reach OTU4 optical interfacissised for
the ENNI3 interconnect.

10G
Operator D
Service Provider Network | Livcep D) North Region

Aucklanel o
N2° e
L1VC EP ID [t
“‘
. Operator

10Gi North Islandl .*
e .* Access L1VC SN
Operator A oTU4 Operator B oTU4 Operatoﬁrg ---------- )
Undersea - «s*"opu2e /UNI§
Server Hef...... 0bUZe = oo\ﬂi — LIVC EP ID
.......... -
O " ==~"  Operator OTU2e | Aucklane
O S JQ e Transit L1VCs
® aammmnenrtt HooDus : - oTUY_LIvCEPD
Server Efc**"""" opuze North Islan2 | [LOGIGE
10 Operator ENNI Ope_rator ENNI (pZO ..... 0bune
NI Access L1V 1 Transit LIVC 2 Maltyy ——ZHE /e, SN
z .
L1VC EPs : "'?f"/ee . 3
South Islaned L1VC EDs Oy e, o
0-10 - Access LIVCs “*«, o
Wellington3 e,
to-10 ¢ SN
Operator D 10
South Region /UNI
< Subscriber
L1 Services
"""" Operator Access L1VC @ Operator L1VC End Point
== == Qperator TransitLIVC Multiplexed Operator
L1VC End Points

Figure 31 — Enterprise Computing Interconnect Example

Operator C provides aggregation of the two ODU2e Transit L1{#fGs ENNIs 4 and 5yvith
theeight ODU2e Transit L1VCS carried in gpartial fill HO ODU4(from ENNI 3), into a full fill
(tenO D U 2 eHODPU4 for handoff at the underskading site at ENNI Zillustrated by the
black ellipse) A pair ofshort reach OTU4 optical interfegis used for the ENNI 2 interconnect.
The Operator B Transit L1VGupports the HO ODU4 between ENNIs 1 and 2pair of short
reach OTU4 optical interéesis used for the ENNI 1 landing site interconnect. Operator A de-
multiplexes the HO ODU4 into tesxccess L1VCqillustrated by the black ellips&nd delivers

2 Thereare eight Operator C L1VC End o Maps at ENNI 3, one for each LO ODU2e (matching the eight Oper-
ator D L1VC End Point Maps). Noteahthe L1VCENd Point Maps apply to the ENNI connectivity, not how the
L1VCs are transported withinanOperat ° s net wor k.
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each one tds corresponding Enterprise, where each 10GigE client protocol is demappedsfrom it
LO ODUZ2e containeprior to the UNI handoff

The Operator A Access L1VCs and aggregatimmeofprovidesimilar connectivityto those from
theOperator ATransportBU in theE.1example Therefore, the example Service Attrtb values
in the associated tablesuld also apply to this use case (i.€able 24 throughTable 30). Simi-
larly, for the Operator B Transit L1VC in tlie1 example (i.e.Table31 throughTable33) and

this use case

Table 34 lists example values for the Operator D North Region Operator L1VC End Point Map
Service Attrbute at ENNIs 4 and 5 for twopg@rator D Access L1 Services.

Operator L1VC End ENNI Operator L1VC End Point Map
Point Identifier

Aucklandl 4 ac'ch) 6 &

Auckland2 5 ') 6 &

Table 34 — Example Service Attribute Values for the Operator L1VC End Point Maps at
ENNIs 4 and 5 for the Operator D Access L1 Services 1 and 2

Table 35 lists example values for the Operator D South Region Operator L1VC End Point Map
Service Attribute at ENNI 3 for eight Operator D Access L1 Services.

Operator L1VC End Point Operator L1VC End Point Map at ENNI 3
Identifier at ENNI 3

Wellington3 oipg vpip p o it ix &g & 1O
Wellington4 ahpg v it @@ Jr g & fo o O
Wellington5 tfpg vo o o o Yo v & O
Wellingtorn6 g vt o @t & Tl @ YO
Wellington7 thpg vt W T P o @ T B PO
Wellington8 & ip& o v iy by fp pp tp G 1O
Wellington9 Gripg o b dp Y o &y 1x fx O
Wellington10 ohpg vy & T b & Jx tx G O

Table 35 — Example Service Attribute Values for the Operator L1VC End Point Maps at
ENNI 3 for the Operator D Access L1 Services 3 through 10

Table36 lists example values for the Opena® L1VC End Point Map Service Attribute at EN
NIs 3, 4 and Sor the Operator C Transit L1 Services
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Operator L1VC End ENNI Operator L1VC End Point Map
Point Identifier

North-Island-1 4 ' 6 &

North-Island-2 5 ') 6 & a

Southlsland-3 3 alpg vp Jp tp g ft @ & & 1O
Southlsland-4 apg v it @ r g & fo o O
Southlsland-5 Glpg vo & tv v o Yo v & O
Southlsland-6 Oipg ut i &t & Tl @ Yo
Southlsland-7 Gipg vt o o o @ T @O
Southlsland-8 Gipg& o Y by dp to pp & dp 1O
Southlsland-9 & pg v bpohp Y dp & X fx O
Southlsland-10 alipg vy & T b & fx tx & 1O

Table 36 — Example Service Attribute Values for the Operator L1VC End Point Maps at
ENNIs 3, 4 and 5 for the Operator C Transit L1 Services
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E.3 Cloud ComputingAccess

In the Figure 32 use casethe Operator BCloud ComputingBU provides typical cloud services
from its data cemtr fortenEnterprise customersithin themetro.The Operator ECloud Compu-

ting BU owns the serverand is alsohie Service Provider for the transport connectividgch

Enterprise is a Subscriber of a Subscriber L1 Service and a customer of the cloud service provided
by the Operator B Cloud Computing BBrom each Enterprise SN perspective, a Subsctil
Service povides 10GIigE connectivity corresponding server in the Operato€B®ud Compu-
ting BU data center. Each Subscriber L1 Service is composed of a Subscriber L1VC and its two
Subscriber L1VC End Points.

Service Provider Network\

Enterprise I SN El)r == == m= o o o e o o e

Enterprise 1§ SN Hil)r = == == = m o e e e o

Operator BCloud Computing BU

DataCenter

10GigE

°
Server 10
UNI

Server

® 0o 0

D N\

Subscriber L1 Services /
—~ >

@ Subscriber L1VC End Point

Figure 32 — Cloud Computing Access Example: Subscriber L1VCs

Figure33illustrates theexampleof Figure32 expanded to show th&iperator B is composed of
two independent BUghe Operator BCloud Computing BU and the Operator Bansport BU.
The Operator B TranspoU, on behalf of the Operator @loud Computing BU,provides the
interconnedbns within the Operator BCloud Computing BUlata cerdgr and coordinates with
OperatorA to establish the necessary connectivity acrossriieo toeach ofthe ten Enterprise
SNs. The transport connectivity betweemchEnterpriseSN and corresponding senisprovided

by oneOperator A Access L1VC araheOperator B Access L1VC. Each Operator Access L1VC
provides adaptation of a 10GigEesit protocol into a LO ODU2e container, which is then aggre-

gated withtheot her L O ODUZ2e’
B Cloud Computing Blata cerdr (illustrated by each black ellipse) pair of short reack{pro-
tected)OTU4 optical interfacegnot shown in the figura¥ used for the ENNI interconnect.

S

i nto a

H @ithi® beJQperditav r
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Service Provider NetwonN

Operator BCloud Computing BU
DataCenter
10GigE 10GigE
Operator A TU Operator B
. Transport BU
Enterprise] SN Paran,,,,00U2 0DU2e L assns Server |1
[ ) [ ] .....'.l.. wamuununsn®® [
. ° THl ° °
. . I R ° °
Enterprise 1 SN wamne® " Gpuze ODUe " """ "rauy Server |,
Operator Operator
JNI Access L1VC, ENN Access L1V UNI
Subscriber L1 Services /
< AN / >
ressmsss  Operator Access L1VC @ Operator L1VC End Point
Multiplexed Operator
L1VC End Points
1406
1407 Figure 33 — Cloud Computing Access Example: Operator L1VCs
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Appendix F Shared ENNI (Informative)

In theFigure 34 example of &haral ENNI, Operator A provides Access L1VCs for Service Pro-
vider X and Service Provider Y to ENNI 1 (the corresponding UNIs and Service Provider networks
are not shown fosimpliaty). Thetraffic from theOperator A Access L1VEnNd Poins (labelled

1 and 2 m the fgure)for Service Provider X, supported by LO ODURBsfirst multiplexed into a

HO ODU3 (not shown)which is further multiplexed witha similady formed HO ODU3(not
shown)for Service Provider Y into a SHO ODUY#Aot shown¥or theType 3 handoffseeFigure

13) at ENNI 1 to Operator B.

Operator B demultiplexes the SHO ODU4 at ENNI 1 into the two HO OMitBscorresponding
OperatoB Transit LLVCENd Points (label@5 and 6 in the figurddr eachService Providefthe
other ENNIs are not shown femrmplidty).

The tables ifFigure 34 provide the values of the Operator L1VC EndnPMap Service Attribute
(Section8.5.4 for each Operator L1VC End Point at ENNISewice Provider X agrees with
Operator A on the values for the Operator A IClEnd Point Map foOperator L1VCEnd Points

1 and 2. Service Provider Y agrees with Operator A on the values for the Operator A L1VC End
Point Map forOperator L1VCENd Points 3 ah4. Service Provider X agrees with Operator B on

the value of the Operator B L1VC End Point Map @perator.1VC End Point 5. Service Pro-
vider Y agrees with Operator B on the value of the Operator B L1VC End Point M@pédaator

L1VC End Point 6.
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Operator A Operator B

Service Provider X

Service Provider Y

Operator Access L1VC
LO ODU2

@ Operator L1VC End Point

Multiplexed Operator

Operator Transit L1VC @ L1VC End Poi
HO ODUS3 C End Points

Operator A L1VC
End Point Identifier

Operator A L1VC End Point Map at ENNI 1

at ENNI 1

1 812512345678 G
™,1.25123456,7,89,10,11,1213,14,15,16,17,18,19,20,21,22,23,24,25 26,27,28,29,30,31 O

2 @,1.25 9,10,11,12,13,14,15,16 O
™,1.251,23456,7,89,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25 26,27,28,29,30,31 O

3 812512345678 Q
1,1.25 32,33,34,35,36,37,38,39,40,41,42 43 44 A5 46 A7 48,49 50,51 52 53,54 55,56,57,58,59,60,61,62 O

4 ®,1.25 9,10,11,12,13,14,15,16 ¢

4,125 32,33,34,35,36,37,38,39,40,41,42 43,44,45,46,47 48,49,50,51,52,53,54,55,56,57,58,59,60,6 1,62 O

Operator B L1VC
End Point Identifier

Operator B L1VC End Point Map at ENNI 1

at ENNI 1
5 125 12345,6,789,10,11,12,13,14,1516,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31 O _
6 ®,1.25 32,33,34,35,36,37,38,39,40,41,42 43,44,45,46 47 48,49,50,51,52,53,54,55,56,57,58,59,60,61,62 O]
Figure 34 — Shared ENNI Example
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