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1 List of Contributing Members 179 

The following members of the MEF participated in the development of this Standard and have 180 

requested to be included in this list. 181 

• Bell Canada 182 

• Fujitsu Network Communications 183 

• Nokia 184 

2 Abstract 185 

The Service Attributes of an Operator Layer 1 Service observable at a Layer 1 User Network 186 

Interface and a Layer 1 External Network Network Interface are defined. In addition, the Service 187 

Attributes of an Operator Access Layer 1 Service between a Layer 1 User Network Interface and 188 

Layer 1 External Network Network Interface and the Service Attributes of an Operator Transit 189 

Layer 1 Service between a pair of Layer 1 External Network Network Interfaces are defined. A 190 

framework for defining specific instances of an Operator Layer 1 Service is also described.  191 
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3 Terminology and Abbreviations 192 

This section defines the terms used in this Standard. In many cases, the normative definitions to 193 

terms are found in other Standards. In these cases, the third column is used to provide the reference 194 

that is controlling, in other MEF or external Standards. 195 

In addition, terms defined in MEF 63 [26] are included in this Standard by reference and are not 196 

repeated in the table below. 197 

 198 

Term Definition Reference 

APS Automatic Protection Switching ITU-T G.709 

[16] 

EI External Interface This Standard 

ENNI Used within this Standard for brevity when referring to 

an L1 ENNI. 

This Standard 

External Interface Either an L1 UNI or an L1 ENNI. This Standard 

GCC(0,1,2) General Communication Channel (level 0,1,2) ITU-T G.709 

[16] 

Hairpin Connec-

tivity 

An Operator Transit L1VC which has 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 transports multiple LO 

OPUk/ODUk 

This Standard 

HO Higher Order This Standard 

L1 ENNI Layer 1 External Network Network Interface. This Standard 

L1 Operator An organization with administrative control over a net-

work and which provides services to an L1 Super Oper-

ator or to an L1 Service Provider. 

This Standard 

L1 Super Opera-

tor 

An Operator that uses other Operators to provide con-

nectivity to one of the Operator Layer 1 Virtual Connec-

tion End Points of its Operator Layer 1 Virtual Connec-

tion. 

This Standard 

Layer 1 External 

Network Network 

Interface 

The demarcation point marking the boundary of respon-

sibility between two L1 Operators whose networks are 

operated as separate administrative domains. 

This Standard 

LO Lower Order This Standard 

LO OPUk/ODUk An OPUk/ODUk which transports a single client proto-

col 

This Standard 

ODU Optical Data Unit ITU-T G.709 

[16] 

ODUk Optical Data Unit-k ITU-T G.709 

[16] 

ODUk Path Optical Data Unit-k Path ITU-T G.709 

[16] 

ODU L1CI Optical Data Unit Layer 1 Characteristic Information This Standard 
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Term Definition Reference 

OH Overhead ITU-T G.709 

[16] 

Operator Used within this Standard for brevity when referring to 

an L1 Operator. 

This Standard 

Operator Access 

L1VC 

Operator Access Layer 1 Virtual Connection This Standard 

Operator Access 

Layer 1 Service 

An Operator Layer 1 Service between an L1 UNI and 

an L1 ENNI. 

This Standard 

Operator Access 

Layer 1 Virtual 

Connection 

An Operator Layer 1 Virtual Connection with one Oper-

ator Layer 1 Virtual Connection End Point at an L1 UNI 

and the other Operator Layer 1 Virtual Connection End 

Point at an L1 ENNI. 

This Standard 

Operator L1VC Operator Layer 1 Virtual Connection This Standard 

Operator L1VC 

End Point 

Operator Layer 1 Virtual Connection End Point This Standard 

Operator Layer 1 

Service 

A connectivity service provided by an Operator to an L1 

Super Operator or to a Service Provider that delivers 

Layer 1 Characteristic Information between two Exter-

nal Interfaces where at least one External Interface is an 

L1 ENNI, specified using the Service Attributes in this 

Standard. 

This Standard 

Operator Layer 1 

Virtual Connec-

tion 

An association of two Operator Layer 1 Virtual Connec-

tion End Points that limits the transport of Layer 1 

Characteristic Information between those Operator 

Layer 1 Virtual Connection End Points where at least 

one of the Operator Layer 1 Virtual Connection End 

Points is at an L1 ENNI. 

This Standard 

Operator Layer 1 

Virtual Connec-

tion End Point 

Represents the logical attachment of an Operator Layer 

1 Virtual Connection to a given External Interface. 

This Standard 

Operator Net-

work 

A network used by the Operator to provide services to 

one or more Service Providers or other Operators. 

This Standard 

Operator Transit 

L1VC 

Operator Transit Layer 1 Virtual Connection This Standard 

Operator Transit 

Layer 1 Service 

An Operator Layer 1 Service between an L1 ENNI and 

another L1 ENNI. 

This Standard 

Operator Transit 

Layer 1 Virtual 

Connection 

An Operator Layer 1 Virtual Connection with one Oper-

ator Layer 1 Virtual Connection End Point at an L1 

ENNI and the other Operator Layer 1 Virtual Connec-

tion End Point at another L1 ENNI. 

This Standard 

Operator UNI 

Service Attribute 

Operator UNI Service Attribute values are agreed to by 

the Service Provider/Super Operator and the Operator. 

This Standard 
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Term Definition Reference 

Optical Data Unit 

Layer 1 Charac-

teristic Infor-

mation 

An ODUk frame of a BIP-8 encoded protocol. This Standard 

OPU Optical Payload Unit ITU-T G.709 

[16] 

OPUk Optical Payload Unit-k ITU-T G.709 

[16] 

OSMC OTN synchronization messaging channel ITU-T G.709 

[16] 

OTL Optical Transport Lane ITU-T G.709 

[16] 

OTLk.n A group of n Optical Transport Lanes that carries one 

OTUk 

ITU-T G.709 

[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] 

OTU Optical Transport Unit ITU-T G.709 

[16] 

OTUk Optical Transport Unit-k ITU-T G.709 

[16] 

Path Overhead The APS, GCC, TTI overhead fields of an ODUk This Standard 

Shared ENNI An ENNI with Operator L1VCs supporting Subscriber 

L1 Services for more than one Service Provider/Super 

Operator. 

This Standard 

SHO Super Higher Order This Standard 

SHO 

OPUk/ODUk 

An OPUk/ODUk which transports multiple HO 

OPUk/ODUk 

This Standard 

SNC/I Subnetwork Connection protection with Inherent moni-

toring 

ITU-T G.709 

[16] 

SP/SO Service Provider/Super Operator This Standard 

Super Operator Used within this Standard for brevity when referring to 

an L1 Super Operator. 

This Standard 

TS Tributary Slot ITU-T G.709 

[16] 

TTI Trail Trace Identifier ITU-T G.709 

[16] 

Table 1 – Terminology and Abbreviations  199 
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4 Compliance Levels 200 

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT", 201 

"SHOULD", "SHOULD NOT", "RECOMMENDED", "NOT RECOMMENDED", "MAY", 202 

and "OPTIONAL" in this Standard are to be interpreted as described in BCP 14 (RFC 2119 [9], 203 

RFC 8174 [11]) when, and only when, they appear in all capitals, as shown here. All key words 204 

must be in bold text. 205 

Items that are REQUIRED (contain the words MUST or MUST NOT) are labeled as [Rx] for 206 

required. Items that are RECOMMENDED (contain the words SHOULD or SHOULD NOT) 207 

are labeled as [Dx] for desirable. Items that are OPTIONAL (contain the words MAY or OP-208 

TIONAL) are labeled as [Ox] for optional. 209 

5 Numerical Prefix Conventions 210 

This Standard uses the prefix notation to indicate multiplier values as shown in Table 2. 211 

 212 

Decimal Binary 

Symbol Value Symbol Value 

k 103 Ki 210 

M 106 Mi 220 

G 109 Gi 230 

T 1012 Ti 240 

P 1015 Pi 250 

E 1018 Ei 260 

Z 1021 Zi 270 

Y 1024 Yi 280 

Table 2 – Numerical Prefix Conventions  213 
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6 Introduction 214 

This Standard describes Operator Layer 1 (L1) Service Attributes for services provided to an L1 215 

Service Provider (MEF 63 [26]) or L1 Super Operator by an L1 Operator using an Operator L1 216 

Virtual Connection (L1VC) (Section 8.4). An L1 Operator is an organization with administrative 217 

control over a network and which provides L1 Services. An L1 Super Operator is an L1 Operator 218 

that uses other L1 Operators to provide connectivity to its Operator L1VC End Points (Section 219 

8.5). In this Standard, an L1 Service Provider and L1 Super Operator are referred to as Service 220 

Provider and Super Operator, respectively, for brevity. Collectively, they are referred to as SP/SO. 221 

An L1 Operator is referred to as Operator for brevity. 222 

The Operator L1 Service Attributes observable at an L1 User Network Interface (UNI) and L1 223 

External Network Network Interface (ENNI) are also defined, which will be referred to as UNI 224 

and ENNI, respectively, for brevity in the remainder of this Standard. In addition, the Service 225 

Attributes of an Operator Access L1 Service between a UNI and ENNI and the Service Attributes 226 

of an Operator Transit L1 Service between a pair of ENNIs are defined. 227 

An Operator Network is a network used by the Operator to provide services to one or more SP/SOs. 228 

In the Figure 1 example, Operators C and E provide Access L1 Services (blue), interconnected by 229 

the Operator D Transit L1 Service (brown) at ENNIs 1 and 2. Together, the three Operator L1 230 

Services form the connectivity between UNIs 1 and 2 for the Subscriber L1 Service (MEF 63 [26]) 231 

provided by the Service Provider, which interconnects the two locations of the Subscriber Network 232 

(SN). 233 

 234 

Figure 1 – Subscriber L1 Service and Component Operator L1 Service Types 235 

The equivalent reference model depicting the component Operator L1VC types and associated 236 

Operator L1VC End Points is shown in Figure 2. In this Standard, an Operator Access L1 Service 237 

is depicted by a solid blue line, while an Operator Transit L1 Service is shown using a solid brown 238 

line (as in Figure 1). An Operator Access L1VC, which has one Operator Access L1VC End Point 239 

Service Provider
Network

Operator C Operator D Operator E

Subscriber
L1 Service

L1
ENNI 1

L1
UNI 1

L1
UNI 2

L1
ENNI 2

Access L1 
Service

Access L1 
Service

Transit L1 
Service

SN SN
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at a UNI and the other Operator Access L1VC End Point at an ENNI, is shown using a dotted blue 240 

line, while an Operator Transit L1VC, which has one Operator Access L1VC End Point at an 241 

ENNI and the other Operator Access L1VC End Point at another ENNI, is shown using a dashed 242 

brown line (as in Figure 2). 243 

An Operator L1 Service consists of a single Operator L1VC, associated External Interfaces (UNI 244 

or ENNI) and Operator L1VC End Points, that is provided by an Operator to a SP/SO. 245 

 246 

Figure 2 – Operator L1VC Types 247 

The Service Provider can make arrangements for an Operator L1 Service with an Operator which 248 

may be acting as a Super Operator. The Super Operator would make arrangements for Operator 249 

L1 Services with other Operators (i.e., Operators C and D in this example) not visible to the Service 250 

Provider, as in Figure 3. 251 

Operator L1VC End Point

Service Provider
Network

Operator C Operator D Operator E

Access L1VC Access L1VCTransit L1VC
L1

ENNI 1
L1

UNI 1
L1

UNI 2
L1

ENNI 2
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 252 

Figure 3 – Super Operator and Operator L1 Services Example 253 

A number of Service Attributes are defined that specify the behavior of an Operator L1 Service 254 

including its performance objectives as described in the Service Level Specification (SLS) (Sec-255 

tion 8.4.3). This Standard does not define how the Service Attributes are implemented or how SLS 256 

compliance is measured or reported. Further, this Standard does not define how an Operator L1 257 

Service is implemented in an Operator’s network. Note that when the term support is used in a 258 

normative context in this document, it means that the Operator is capable of enabling the function-259 

ality upon agreement between the SP/SO and the Operator. 260 

6.1 Operator Layer 1 Services Framework 261 

The Operator L1 Service definition framework provides a model for specifying an Operator L1 262 

Service. An Operator L1 Service has a set of Service Attributes that define its characteristics. A 263 

specific Operator L1 Service is defined by the values of the Service Attributes. This framework is 264 

shown in Figure 4.  265 

Service Provider
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Operator ESuper Operator 
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 266 

Figure 4 – Operator L1 Service Definition Framework 267 

The Operator L1 Service Attributes and their values apply to a single Operator network. Thus in 268 

Figure 1, the Service Provider deals with three sets of Operator L1 Service Attributes and values, 269 

one set for each of Operator C, Operator D and Operator E. In addition, the Service Provider agrees 270 

with the Subscriber on the values of the Subscriber L1 Service Attributes (MEF 63 [26]). The three 271 

sets of Operator L1 Service Attributes and values correspond to the three Operator L1 Services 272 

purchased by the Service Provider from the Operators to instantiate the UNI-to-UNI Subscriber 273 

L1 Service purchased by the Subscriber from the Service Provider. 274 

The approach is to define Service Attributes that apply to an Operator network. Each Service At-275 

tribute can take on one or more values, where the value for a Service Attribute dictates behavior 276 

for the Operator network as seen by an external observer. How a behavior is implemented within 277 

an Operator network is opaque to the external observer and beyond the scope of this document. 278 

Two kinds of Service Attributes are defined: 279 

• ENNI Common Attributes control Operator network behaviors that enable Operator net-280 

works to be interconnected and exchange OTUk frames. The interconnection is achieved 281 

by the Operators agreeing on the value for each ENNI Common Attribute. 282 

•  Operator Service Attributes control the behavior observable at and between interfaces to 283 

an Operator network. The behaviors are achieved by the Operator and the SP/SO agree-284 

ing on the value for each Operator Service Attribute. 285 

This document is organized as follows: 286 

• An overview of the ENNI physical layer, functions and relationship to Operator L1 Ser-287 

vices and L1VCs is provided in Section 7, 288 

• ENNI Common Attributes are defined in Section 8.1, 289 

• Operator Service Attributes are defined in the following groups  290 

o ENNI Service Attributes in Section 8.2  291 

o Operator UNI Service Attributes in Section 8.3  292 

o Operator L1VC Service Attributes in Section 8.4 293 
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o Operator L1VC End Point Service Attributes in Section 8.5.  294 

This Standard then uses those Service Attributes to define Operator L1 Services in Section 9.       295 
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7 ENNI and Operator Layer 1 Services Characteristics 296 

To ensure the interconnection of Operator L1 Services, the ENNI physical layer must be specified. 297 

This Standard specifies the Optical Transport Network (OTN) defined in ITU-T G.709 [16] and 298 

G.872  [19] for the ENNI physical layer. A brief overview of OTN aspects of the ENNI relevant 299 

to Operator L1 Services follows in Section 7.1. The OTN physical layer at an ENNI is then de-300 

scribed in Section 7.2 in terms of the functions specified by Service Attributes in this Standard. In 301 

Section 7.3, those functions are discussed in more detail in the context of ENNI handoff scenarios. 302 

Section 7.4 then describes Operator L1 Services and L1VCs in relationship to those ENNI 303 

handoffs.  304 

7.1 OTN ENNI Overview 305 

The client protocols, specifically the L1CI in MEF 63 Table 3 [26], are mapped into OTN contain-306 

ers called Lower Order Optical Payload Unit (LO OPU) and Lower Order Optical Data Unit (LO 307 

ODU) of corresponding rate, designated by the letter “k”. For the client protocols in Figure 5, there 308 

are corresponding physical interfaces at the rate “k” supporting the Optical Transport Unit (OTUk) 309 

and Optical Tributary Signal (OTSi)1, therefore no multiplexing is required (dotted lines). In this 310 

Standard, the OTUk structure refers to the OTUk and the hierarchy of OPU/ODU containers and 311 

client protocols. 312 

  313 

Figure 5 – OTUk Structure for Directly Mapped Client Protocols 314 

For the client protocols in Figure 6 no physical interfaces are defined at the same rate, therefore 315 

the LO ODU, using the suffix “j”, must be multiplexed2 into a Higher Order (HO) OPUk and HO 316 

                                                 
1 Note that the last letter in “OTSi” is the letter “i” from the word “Signal”, it is not an index. 
2 In this Standard, when the term “multiplex” or “aggregation” is used the equivalent demultiplex or disaggregation 

capability is implied unless stated otherwise. Similarly, for the opposite usage of the terms. 
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ODUk which do have defined physical interfaces. Consequently, at the ENNI two basic types of 317 

OTUk structures are possible, as illustrated in Figure 5 and Figure 6. 318 

  319 

Figure 6 – OTUk Structure for Mapped & Multiplexed Client Protocols  320 

For higher rates of “k”, the OTUk may be split into parallel lanes for transport over lower cost 321 

optical modules. The parallel lane structure is referred to as OTLk.n, a group of “n” Optical 322 

Transport Lanes (OTL) that carry one OTUk. In this Standard, the value of “n” is always four as 323 

that is the implementation currently used in the industry. Specifically, an OTL3.4 carries an OTU3 324 

using four lanes and an OTL4.4 carries an OTU4 using four lanes. The OTLk.4, when utilized, is 325 

below the OTUk (see Appendix A). Each of the four lanes is carried over a corresponding OTSi, 326 

forming an OTSi Group (OTSiG) (see Appendix A). 327 

7.2 ENNI Functional Description 328 

In this Standard, the ENNI physical layer is specified by two functions: the ENNI Coding Function 329 

(Section 8.1.2) and the ENNI Optical Interface Function (Section 8.1.2). The ENNI Optical Inter-330 

face Function includes the OTSi, which corresponds to a specific rate “k”. The ENNI Coding 331 

Function includes the OTLk.4/OTUk and the hierarchy of OPU/ODU containers, which has the 332 

two basic structures described above. In Figure 7, the ENNI Coding Function has a single LO 333 

OPUk/ODUk with directly mapped client protocols.   334 
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  335 

Figure 7 – ENNI Coding and Optical Interface Functions for Directly Mapped Clients 336 

In Figure 8, the ENNI Coding Function has the LO OPUj/ODUj for the client protocols without 337 

corresponding physical interfaces and which must be multiplexed into a HO OPUk/ODUk. Note 338 

that the directly mapped client protocols (in LO OPUj/ODUj) can also be multiplexed into the HO 339 

OPUk/ODUk (see Appendix A). Further, the HO OPUk/ODUk can be multiplexed (as HO 340 

OPUj/ODUj) into a Super HO (SHO) OPUk/ODUk (see Appendix A). 341 

In this Standard, the OPU/ODU container closest to the OTUk always has the matching suffix “k”. 342 

When there are other OPU/ODU containers in the model stack due to multiplexing, their suffixes 343 

take on the preceding letters of the alphabet (i.e., LO OPUj/ODUj in single-stage multiplexing to 344 

HO OPUk/ODUk, or LO OPUi/ODUi followed by HO OPUj/ODUj in two-stage multiplexing to 345 

SHO OPUk/ODUk). 346 
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  347 

Figure 8 – ENNI Coding & Optical Interface Functions for Mapped & Multiplexed Clients  348 

7.3 ENNI Handoff 349 

At an ENNI, the ENNI Optical Interface Function and the OTLk.4/OTUk portion of the ENNI 350 

Coding Function are always terminated by each Operator. The container above the OTUk which 351 

is exchanged by the two Operators at the ENNI is agreed to by the SP/SO and the Operators. That 352 

ODU container, or lower rate ODU containers within it, carries Layer 1 Characteristic Information 353 

(L1CI) (MEF 63 [26]). The L1CI that an Operator providing a Transit L1 Service is responsible 354 

for delivering from one ENNI to the other ENNI is referred to as ODU L1CI. The ODU L1CI is 355 

the entire block of bits in an ODUk frame (4×3824×8 = 122,368 bits) (G.709 [16]). When an 356 

Operator aggregates multiple Transit L1 Services the corresponding ODU containers are multi-357 

plexed into a higher rate ODU container for exchange at the ENNI. An Operator providing an 358 

Access L1 Service is responsible for delivering the client protocol L1CI (MEF 63 [26]) between 359 

the corresponding UNI and ENNI, where the client protocol L1CI is within an ODU container at 360 

the ENNI. When an Operator aggregates multiple Access L1 Services, the corresponding ODU 361 

containers are multiplexed into a higher rate ODU container for exchange at the ENNI. Note that 362 

an Operator may provide both an Access L1 Service (blue) and a Transit L1 Service (brown) at an 363 

ENNI as illustrated in Figure 9 for Operator D at ENNI 1. 364 
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 365 

Figure 9 – Operator Access and Transit L1 Services Example 366 

An ODU container that crosses the ENNI may be carried intact or demultiplexed and the lower 367 

rate containers within it individually transported, yielding two cases for the terminating functions: 368 

• OTSi and OTUk terminated, or 369 

• OTSi and OTUk plus HO ODUk/OPUk containers terminated. 370 

The latter case is intended to include when a SHO OPUk/ODUk is terminated and its constituent 371 

HO OPUj/ODUj or LO OPUi/ODUi are demultiplexed. The term “terminated” includes the pro-372 

cessing of overhead. In Figure 10, the two cases of ENNI terminating functions and corresponding 373 

overhead fields are illustrated. The description of the OTUk overhead processing is in Section 374 

8.1.2. Descriptions of the HO ODUk overhead processing are in Section 8.1.2 and Section 8.2.3. 375 

The description of the ODUj path overhead processing for j<k is in Section 8.2.3. 376 
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 377 

 378 

Figure 10 – ENNI Terminating Function Configurations 379 

The two cases of ENNI terminating functions in Figure 10 yield three types of interconnection 380 

combinations as shown in Figure 11, Figure 12 and Figure 13. 381 

In Figure 11, the LO ODUk, or HO ODUk, or SHO ODUk container is carried intact across the 382 

ENNI.3 383 

 384 

Figure 11 – ENNI Handoff Type 1 385 

In Figure 12, the ODU container from Operator X is terminated by Operator Y and the LO ODUj 386 

are demultiplexed from the HO ODUk, or the HO ODUj are demultiplexed from the SHO ODUk. 387 

Note this case is intended to include when LO ODUi are further demultiplexed from the HO 388 

ODUj.4 389 

                                                 
3 For example, a transponder-to-transponder handoff using grey interfaces (non-ITU-T grid) over the ENNI. 
4 For example, from an Operator X transponder to an Operator Y OTN multiplexer. 
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 390 

Figure 12 – ENNI Handoff Type 2 391 

In Figure 13, multiplexing of LO ODUj into HO ODUk, or HO ODUj into SHO ODUk is per-392 

formed by both Operators X and Y. Note this case is intended to include when LO ODUi are 393 

multiplexed into the HO ODUj.5 394 

 395 

Figure 13 – ENNI Handoff Type 3 396 

7.4 Operator L1 Services and L1VCs 397 

A fundamental aspect of an Operator L1 Service is the Operator L1VC (Section 8.4). An Operator 398 

L1VC is an association of two Operator L1VC End Points. An Operator L1VC End Point repre-399 

sents the logical attachment of an Operator L1VC to an External Interface (EI), either a UNI or an 400 

ENNI. An Operator Access L1VC transports client protocol L1CI between a UNI and an ENNI, 401 

where the client protocol L1CI is within an ODU container when it crosses the ENNI. An Operator 402 

Transit L1VC transports ODU L1CI between a pair of ENNIs. The pair of Operator L1VC End 403 

Points associated by an Operator L1VC are said to be “in the Operator L1VC”. Consequently, the 404 

                                                 
5 For example, when the Operators have interconnected OTN multiplexers. 
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corresponding EIs are said to be “in the Operator L1VC”. An Operator L1VC always supports 405 

point-to-point, bi-directional (full duplex) transmission of L1CI. 406 

In Figure 14, the Operator Access and Transit L1VCs (and their associated End Points) corre-407 

sponding to the Figure 9 Operator L1 Services are illustrated. The Operator C Access L1VCs are 408 

aggregated at ENNI 1 by multiplexing the traffic mapped to the L1VC End Points into a higher 409 

rate (as indicated by the black ellipse) for traversing the ENNI, similarly for the Operator D Access 410 

and Transit L1VCs. This approach may be used by the Operators to reduce the number of physical 411 

ports and links (i.e., cost) at the ENNI. For the case where the Subscriber L1 Service between UNI 412 

1 and UNI 2 and the Subscriber L1 Service between UNI 3 and UNI 4 are provided by different 413 

Service Providers, ENNI 1 is referred to as a Shared ENNI. A Shared ENNI is defined as an ENNI 414 

with Operator L1VCs supporting Subscriber L1 Services for more than one SP/SO (see Appendix 415 

F). In this example, the ENNI 1 handoff corresponds to the Type 3 shown in Figure 13, while the 416 

ENNI 2 handoff corresponds to the Type 1 shown in Figure 11.  417 

 418 

Figure 14 – Operator Access and Transit L1VCs Aggregation Example 419 

For comparison, in Figure 15 the Operator C Access L1VCs which are aggregated at ENNI 1 are 420 

transported as a single, higher rate Transit L1VC by Operator D to ENNI 2. In this example, both 421 

the ENNI 1 and ENNI 2 handoffs correspond to the Type 2 shown in Figure 12. 422 
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 423 

Figure 15 – Operator Transit L1VC Trunked Example  424 
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8 Operator Layer 1 Service Attributes Definitions and Requirements 425 

Section 8.1 defines ENNI Common Attributes, which control Operator network behaviors that 426 

enable Operator networks to be interconnected and exchange OTUk frames. The interconnection 427 

is achieved by the Operators agreeing on the value for each ENNI Common Attribute. Operator 428 

Service Attributes are then defined which control the behavior observable at and between inter-429 

faces to an Operator network. The behaviors are achieved by the Operator and the SP/SO agreeing 430 

on the value for each Operator Service Attribute. The Operator Service Attributes are defined in 431 

the following sub-sections: 432 

• Section 8.2 ENNI Service Attributes, 433 

• Section 8.3 Operator UNI Service Attributes, 434 

• Section 8.4 Operator L1VC Service Attributes, and 435 

• Section 8.5 Operator L1VC End Point Service Attributes.  436 

8.1 ENNI Common Attributes 437 

When Operators interconnect their networks to form an ENNI and exchange OTUk frames, several 438 

technical details need to be agreed to, such as the physical layer of the links supporting the ENNI. 439 

These technical details are called ENNI Common Attributes. The Operators need to agree on the 440 

value for each ENNI Common Attribute. The method by which agreement is reached is outside 441 

the scope of this Standard. In general, the Operators that need to agree are any Operator that is not 442 

a Super Operator and any Super Operator that has arranged for unshared access to the ENNI. A 443 

SP/SO that is not party to the agreement of the ENNI Common Attribute values can be aware or 444 

unaware of the value for each one. Such organizations may want to be aware of the values since 445 

they can influence the decision as to which ENNIs to use. 446 

8.1.1 ENNI Peering Identifier Common Attribute 447 

The ENNI Peering Identifier Common Attribute value is a string used to allow the Operators at 448 

the ENNI to uniquely identify the ENNI. It is subject to the following requirements. 449 

[R1] The value of the ENNI Peering Identifier Common Attribute MUST be unique 450 

across all ENNIs for each of the Operators. 451 

If Operators A and B connect via an ENNI with the value of the ENNI Peering Identifier Common 452 

Attribute equal to “Toronto Adelaide – Amazon 7”, then [R1] mandates that no other ENNI sup-453 

ported by Operator A have the same value for the ENNI Peering Identifier Common Attribute. The 454 

mandate also applies to Operator B. 455 

[R2] The value of the ENNI Peering Identifier Common Attribute MUST contain 456 

no more than 45 characters.6 457 

                                                 
6 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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[R3] The value of the ENNI Peering Identifier Common Attribute MUST be a non-458 

null RFC 2579 [10] DisplayString but not contain the characters 0x00 through 459 

0x1f.  460 

8.1.2 ENNI List of Physical Layers Common Attribute  461 

The value of the ENNI List of Physical Layers Common Attribute is a list of 2-tuples of the form 462 

〈c, o〉. The 〈c〉 specifies the Coding Function while the 〈o〉 specifies wavelength structure, span 463 

loss, fibre type and other aspects of the physical layer. 464 

The details for the 2-tuple 〈c, o〉 are: 465 

• 〈c〉 is the Coding Function. It is a 3-tuple of the form 〈k, OTUk OH, HO ODUk OH〉, 466 

where: 467 

o 〈k〉 is an index representing the OTLk.4/OTUk physical layer line rate. 468 

[R4] The value of 〈k〉 MUST be one of the following values: {1, 2, 2e, 3, 4}. 469 

o 〈OTUk OH〉 is a list of overhead values corresponding to the terminated OTUk, 470 

where each entry in the list has the value Disabled or Enabled. 471 

[R5] The value of 〈OTUk OH〉 MUST be a list of three pairs {Field, Value} with 472 

each Field and corresponding Value as in Table 3: 473 

 474 

Field Value (1) 

OTUk TTI Disabled or Enabled 

OTUk GCC0 Disabled or Enabled 

OTUk OSMC Disabled or Enabled 

(1) If the Value is Enabled the Operators agree on the values of the parameters (G.709 [16]) for 475 

that Field. 476 

Table 3 – Value of 〈OTUk OH〉 477 

o The value of 〈HO ODUk OH〉 is either None or List. When the value of 〈HO 478 

ODUk OH〉 is List, the ENNI is referred to as Type 3 (see Figure 13) and the en-479 

tries are the overhead values corresponding to the terminated HO ODUk (or SHO 480 

ODUk), where each entry in the list has the value Disabled or Enabled. 481 

o When the value of 〈HO ODUk OH〉 is None, the ENNI is referred to as either 482 

Type 1 (see Figure 11) or Type 2 (see Figure 12). 483 

[R6] When the value of 〈HO ODUk OH〉 is List, the entries MUST be a list of four 484 

pairs {Field, Value} with each Field and corresponding Value as in Table 4:  485 
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Field Value (1) 

SHO/HO ODUk TTI Disabled or Enabled 

SHO/HO ODUk GCC1 Disabled or Enabled 

SHO/HO ODUk GCC2 Disabled or Enabled 

SHO/HO ODUk APS Disabled or Enabled 

(1) If the Value is Enabled the Operators agree on the values of the parameters (G.709 [16]) for 486 

that Field. 487 

Table 4 – Value of List for 〈HO ODUk OH〉  488 

• 〈o〉 is the Optical Interface Function. 489 

[R7] The value of 〈o〉 corresponding to the index 〈k〉 in the entry 〈c〉 MUST be one 490 

of the Optical Interface Function values in either Table 5 (OTUk) or Table 6 491 

(OTLk.4). 492 

In Table 5, the values of 〈k〉 are grouped into Classes defined in G.959.1 [22]. Within a Class there 493 

are several possible values for the Optical Interface Function 〈o〉. The references in the column 494 

G.959.1 [22] are to tables in that Recommendation which provide more details for each of the 495 

values of 〈o〉.  496 
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k Class Optical Interface Function 〈o〉 Values G.959.1 [22] 

1 NRZ 2.5G 

(~622 Mb/s 

to 2.67 Gb/s) 

P16S1-1D2, P32S1-1D2, P16S1-1D5, 

P32S1-1D5 

[Table 5-3] 

P16L1-1A2, P16L1-1A5 [Table 5-4] 

P1I1-1D1 [Table 5-5] 

P1S1-1D1, P1S1-1D2 [Table 5-6] 

P1L1-1D1, P1L1-1D2, 1L1-1D2F [Table 5-7] 

P1U1-1A2, 1U1-1B2F, P1U1-1A3, 1U1-

1B3F, P1U1-1A5, 1U1-1B5F 

[Table 5-9] 

2, 2e NRZ 10G 

(~2.4 Gb/s to 

10.76 Gb/s) 

Note 2e is 

11.0957 Gb/s. 

P4I1-2D1, 4I1-2D1F, P16I1-2D2, P32I1-

2D2, P16I1-2D3, P16I1-2D5, P32I1-2D5 

[Table 5-2] 

P16S1-2B2, P16S1-2C2, P32S1-2B2, 

P32S1-2C2, P16S1-2C3, P16S1-2B5, 

P16S1-2C5, P32S1-2B5, P32S1-2C5 

[Table 5-3] 

P16L1-2A2, P16L1-2A5 [Table 5-4] 

P1I1-2D1r, P1I1-2D1, P1I1-2D2r, P1I1-

2D2, P1I1-2D3, P1I1-2D5 

[Table 5-5] 

P1S1-2D1, P1S1-2D2a,b, 1S1-2D2bF, 

P1S1-2D3a,b, 1S1-2D3bF, P1S1-2D5a,b, 

1S1-2D5bF 

[Table 5-6] 

P1L1-2D1, P1L1-2D2, 1L1-2D2F, P1L1-

2D2E, 1L1-2D2FE 

[Table 5-7] 

P1V1-2C2, 1V1-2C2F, P1V1-2B2E, 1V1-

2B2FE, P1V1-2B5, 1V1-2B5F 

[Table 5-8] 

3 NRZ 40G 

(~9.9 Gb/s to 

43.02 Gb/s) 

P1I1-3D1, 1I1-3D1F, P1I1-3D3, P1I1-3D5 [Table 5-5] 

P1S1-3D1, 1S1-3D1F, P1S1-3C2, P1S1-

3C3, P1S1-3C5 

[Table 5-6] 

P1L1-3C1, 1L1-3C1F, P1L1-3A2, 1L1-

3C2F, 1L1-3C2FD, P1L1-3A3, 1L1-3C3F, 

1L1-3C3FD, P1L1-3A5, 1L1-3C5F, 1L1-

3C5FD 

[Table 5-7] 

RZ 40G  

(~9.9 Gb/s to 

43.02 Gb/s) 

P1L1-7A2, P1L1-7A3, P1L1-7A5 [Table 5-7] 

Table 5 – Optical Interface Function 〈o〉 Values for OTUk 497 

In Table 6, the values of 〈k〉 are grouped into Classes defined in G.959.1 [22] and G.695 [14]. 498 

Within a Class there are several possible values for the Optical Interface Function 〈o〉. The refer-499 

ences in the columns G.959.1 [22] and G.695 [14] are to tables within those Recommendations 500 

which provide more details for each of the values of 〈o〉. Appendix E.1 includes an example value 501 

of an Optical Interface Function.   502 
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k Class Optical Interface Function 〈o〉 Values G.959.1 [22] G.695 [14] 

3 NRZ 10G 

(~2.4 Gb/s to 

10.76 Gb/s) 

P4I1-2D1, 4I1-2D1F, P16I1-2D2, 

P32I1-2D2, P16I1-2D3, P16I1-2D5, 

P32I1-2D5 

[Table 5-2]  

P16S1-2B2, P16S1-2C2, P32S1-2B2, 

P32S1-2C2, P16S1-2C3, P16S1-2B5, 

P16S1-2C5, P32S1-2B5, P32S1-2C5 

[Table 5-3]  

P16L1-2A2, P16L1-2A5 [Table 5-4]  

C4S1-2D1, C4L1-2D1  [Table 5-1] 

4 NRZ 25G 

(~9.9 Gb/s to 

28 Gb/s) 

4I1-9D1F [Table 5-2]  

4L1-9C1F, 4L1-9D1F [Table 5-4]  

C4S1-9D1F   [Table 5-1] 

Table 6 – Optical Interface Function 〈o〉 Values for OTLk.4 503 

8.1.3 ENNI Protection Common Attribute 504 

The ENNI Protection Common Attribute value specifies the protection protocol deployed at the 505 

ENNI for the ODU container exchanged by the Operators (Section 7.3). The ENNI Protection 506 

Common Attribute value is either: 507 

• None, or  508 

• One of the rows as specified in G.873.1 Section 8.5, Table 8-1 [20]. 509 

[R8] When the value of the ENNI Protection Common Attribute is not None the 510 

number of 〈c, o〉 entries in the ENNI List of Physical Layers Common Attribute 511 

MUST be as indicated in G.873.1 Section 8.5, Table 8-1, column Protection 512 

architecture (i.e., two entries for 1+1; n+1 entries for 1:n).     513 

The simplest ENNI Protection Common Attribute value listed in G.873.1 Section 8.5, Table 8-1 514 

is in the first row, specifically 1+1 unidir SNC/I (uni-directional, Subnetwork Connection with 515 

Inherent monitoring). With this value, an APS signaling channel (i.e., Protection Communication 516 

Channel – PCC) is not required (G.873.1 [20]). Further, agreement between the Operators on the 517 

value of revertive/non-revertive mode is not required, as a mismatch of this parameter does not 518 

prevent interworking (G.873.1 [20]). 519 

[D1] When the value of the ENNI Protection Common Attribute is not None the 520 

value SHOULD be 1+1 unidir SNC/I.  521 

The specification of a protection protocol for a region within an Operator’s network is outside the 522 

scope of this Standard. 523 

Figure 16, Figure 17 and Figure 18 illustrate the three ENNI handoff types (Section 7.3) when the 524 

ENNI Protection Common Attribute has the value 1+1 unidir SNC/I. The Bridge function is 1+1 525 

(the same traffic is sent to both OTUk sublayers) and the Selector function selects one of the two 526 

received traffic flows (from one OTUk sublayer). 527 
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 528 

 529 

Figure 16 – 1+1 unidir SNC/I Protected ENNI Handoff Type 1 530 

Note that the APS field in the Figure 16 SHO/HO/LO ODUk sublayer is not related to the ENNI 531 

protection. 532 

 533 

 534 

Figure 17 – 1+1 unidir SNC/I Protected ENNI Handoff Type 2 535 

Note that the APS field in the Figure 17 HO/LO ODUj sublayer and the APS field in the SHO/HO 536 

ODUk sublayer are not related to the ENNI protection. 537 
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 538 

 539 

Figure 18 – 1+1 unidir SNC/I Protected ENNI Handoff Type 3 540 

Note that the APS field in the Figure 18 HO/LO ODUj sublayer and the APS field in the SHO/HO 541 

ODUk sublayer are not related to the ENNI protection.  542 

8.2 ENNI Service Attributes 543 

For each instance of an ENNI, there are multiple sets of ENNI Service Attributes. The value for 544 

each ENNI Service Attribute in a set for an Operator network is specific to the SP/SO that is using 545 

the ENNI. Each such value is agreed to by the SP/SO and the Operator. The methods and proce-546 

dures for reaching agreement are beyond the scope of this Standard. 547 

8.2.1 Operator ENNI Identifier Service Attribute 548 

The Operator ENNI Identifier Service Attribute value is a string used to allow the SP/SO and 549 

Operator to uniquely identify the ENNI. 550 

[R9] The value of the Operator ENNI Identifier Service Attribute MUST be unique 551 

across all ENNIs supported by the Operator. 552 

[R10] The value of the Operator ENNI Identifier Service Attribute MUST contain no 553 

more than 45 characters.7 554 

[R11] The value of the Operator ENNI Identifier Service Attribute MUST be a non-555 

null RFC 2579 [10] DisplayString but not contain the characters 0x00 through 556 

0x1f. 557 

                                                 
7 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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8.2.2 Operator Multiplexing Capability List Service Attribute 558 

The value of the Operator Multiplexing Capability List Service Attribute indicates the Operator’s 559 

ability to multiplex a given LO ODUj into a HO ODUk (single-stage), or multiplex a given LO 560 

ODUi into a HO ODUj and into a SHO ODUk (two-stage), or more multiplexing stages. This 561 

information is used by the SP/SO to determine if an Operator can provide the required multiplexing 562 

to form the ODU container exchanged between Operators at an ENNI (Section 7.3). 563 

Note that this is a capability Service Attribute, it does not provide information regarding the as-564 

signment of an Operator L1VC End Point to a multiplexing sequence. The assignment of an Op-565 

erator L1VC End Point to a multiplexing sequence (e.g., an ODU0 in an ODU0-ODU2-ODU4 566 

multiplexing sequence) is described by the Operator L1VC End Point Map Service Attribute (see 567 

Section 8.5.4). Note that the value Null is used to indicate no multiplexing capability.  568 

Table 7 lists the possible multiplexing sequences for a given LO ODU into a HO ODU using a 569 

nomenclature similar to OIF ENNI [27]. Each HO ODU column lists each possible multiplexing 570 

sequence in a separate row. For example, there are eight possible multiplexing sequences for a LO 571 

ODU0 into a HO ODU4. 572 

 573 

 574 

Table 7 – Multiplexing Sequences 575 

The number following a given multiplexing sequence indicates the maximum quantity of LO ODU 576 

which can be multiplexed (e.g., ODU0-ODU1-ODU2-ODU4: 80, indicates that up to 80 LO 577 

ODU0 can be multiplexed in that sequence of HO ODU). For the case of a LO ODUflex, the 578 

number indicates the approximate maximum bit rate which can be multiplexed (e.g., ODUflex-579 

ODU2-ODU4: 10G, indicates that a LO ODUflex up to 10Gb/s can be multiplexed in that se-580 

quence). The suffix (1.25TS) or (2.5TS) indicates whether the HO ODUk, for k={2, 3} supports 581 

1.25Gb/s Tributary Slots (TS) or 2.5Gb/s TS when multiplexing LO ODUj, for j={1, 2}. 582 

LO 

Entity 

Multiplexing Sequences 

HO ODU4 HO ODU3 HO ODU2 HO ODU1 

ODU0 ODU0-ODU1-ODU2-ODU3-ODU4: 64 ODU0-ODU1-ODU2-ODU3: 32 ODU0-ODU1-ODU2: 8 ODU0-ODU1: 2 

ODU0-ODU1-ODU3-ODU4: 64 ODU0-ODU1-ODU3: 32 ODU0-ODU2: 8  

ODU0-ODU1-ODU2-ODU4: 80 ODU0-ODU2-ODU3: 32   

ODU0-ODU1-ODU4: 80 ODU0-ODU3: 32   

ODU0-ODU2-ODU3-ODU4: 64    

ODU0-ODU2-ODU4: 80    

ODU0-ODU3-ODU4: 64    

ODU0-ODU4: 80    

ODU1 ODU1-ODU2-ODU3-ODU4: 32 ODU1-ODU2-ODU3: 16 (1.25TS) ODU1-ODU2: 4 (1.25TS)  

ODU1-ODU2-ODU4: 40 ODU1-ODU2-ODU3: 16 (2.5TS) ODU1-ODU2: 4 (2.5TS)  

ODU1-ODU3-ODU4: 32 ODU1-ODU3: 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-ODU3-ODU4: 8  ODU2-ODU3: 4 (1.25TS)   

ODU2-ODU4: 10 ODU2-ODU3: 4 (2.5TS)   

ODU2e ODU2e-ODU3-ODU4: 6  ODU2e-ODU3: 3   

ODU2e-ODU4: 10    

ODU3 ODU3-ODU4: 2    
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The value of the Operator Multiplexing Capability List Service Attribute is either Null or at least 583 

one multiplexing sequence entry from Table 7. A multiplexing sequence entry in the list indicates 584 

that the Operator might agree to instantiating the multiplexing scheme. Additional steps are nec-585 

essary to reserve and assign capacity for use by the SP/SO (i.e., establish a value for the Operator 586 

L1VC End Point Map Service Attribute in Section 8.5.4). Such procedures are beyond the scope 587 

of this Standard. 588 

Note the value of k, which is specified in the value of the ENNI List of Physical Layers Common 589 

Attribute (Section 8.1.2), places a limit on the highest rate of HO ODU multiplexing sequence 590 

possible. 591 

[R12] When the value of the Operator Multiplexing Capability List Service Attribute 592 

is not Null, the value of the Operator Multiplexing Capability List Service At-593 

tribute MUST be from the HO ODU column in Table 7 corresponding to the 594 

value of k which is specified in the value of the ENNI List of Physical Layers 595 

Common Attribute (Section 8.1.2). 596 

An example value of the Operator Multiplexing Capability List Service Attribute when the value 597 

of k = 4 (i.e., from the Table 7 column HO ODU4) is provided in Table 8. 598 

 599 

Operator Multiplexing Capability List  

ODU0-ODU1-ODU4: 80 

ODU0-ODU4: 80 

ODU1-ODU2-ODU4: 40 

ODU1-ODU4: 40 

ODUflex-ODU2-ODU4: 10G 

ODUflex-ODU4: 100G 

ODU2-ODU4: 10 

ODU2e-ODU4: 10 

Table 8 – Example Value of the Operator Multiplexing Capability List Service Attribute 600 

8.2.3 Operator Path Overhead Service Attribute 601 

An ODU path is the connectivity between the locations where the path overhead is terminated. 602 

ITU-T G.709 [16] defines an ODUk path. The value of the Operator Path Overhead Service At-603 

tribute is either None or List. When the value of the Operator Path Overhead Service Attribute is 604 

List, the entries are the overhead values corresponding to each of the SHO/HO/LO ODU paths 605 

carried across an ENNI which is terminated in an Operator’s network. Each entry in the list has 606 

the value Disabled or Enabled. When there is no ODU path terminated in an Operator’s network, 607 

the value of the Operator Path Overhead Service Attribute is None. 608 

[R13] When the value of the Operator Path Overhead Service Attribute is List, the 609 

value of the Operator Path Overhead Service Attribute MUST be a list of four 610 

pairs {Field, Value} for each path terminated in the Operator’s network, with 611 

each Field and corresponding Value as in Table 9: 612 

 613 



  Operator Layer 1 Service Attributes and Services 

WD 0.34 © MEF Forum 2019. Any reproduction of this Standard, or any portion thereof, shall contain the following 
statement: "Reproduced with permission of MEF Forum."  No user of this Standard is authorized to modify any 

of the information contained herein. 

Page 29 

 

 

Field Value (1) 

ODU TTI Disabled or Enabled 

ODU GCC1 Disabled or Enabled 

ODU GCC2 Disabled or Enabled 

ODU APS Disabled or Enabled 

(1) If the Value is Enabled the SP/SO and Operator coordinate the provisioning of the parame-614 

ters (G.709 [16]) for that Field. 615 

Table 9 – Value of List for the Operator Path Overhead Service Attribute   616 

Note that Appendix B discusses the relationship between Operator L1VCs, ODUk paths, Operator 617 

L1VC End Points and ODUk path overhead termination. The Operator Path Overhead Service 618 

Attribute value for each Operator in a network example is also discussed.  619 

8.3 Operator UNI Service Attributes 620 

The Operator UNI Service Attribute values are agreed to by the SP/SO and the Operator. It is 621 

important to note that the Operator UNI Service Attributes are different from the Subscriber UNI 622 

Service Attributes detailed in MEF 63 [26]. They are different because the value of each Operator 623 

UNI Service Attribute is agreed to by the SP/SO and the Operator, while the value of each Sub-624 

scriber UNI Service Attribute is agreed to by the Subscriber and the Service Provider. Note that 625 

the value of the Operator UNI Physical Layer Service Attribute and the value of the Subscriber 626 

UNI Physical Layer Service Attribute need to be the same, while the value of the Operator UNI 627 

Identifier Service Attribute and the value of the Subscriber UNI Identifier Service Attribute can 628 

be different. 629 

8.3.1 Operator UNI Identifier Service Attribute 630 

The value of the Operator UNI Identifier Service Attribute is a string that is used to allow the 631 

SP/SO and Operator to uniquely identify the UNI. 632 

[R14] The value of the Operator UNI Identifier Service Attribute MUST be unique 633 

across all UNIs supported by the Operator. 634 

[R15] The value of the Operator UNI Identifier Service Attribute MUST contain no 635 

more than 45 characters.8  636 

[R16] The value of the Operator UNI Identifier Service Attribute MUST be a non-637 

null RFC 2579 [10] DisplayString but not contain the characters 0x00 through 638 

0x1f. 639 

8.3.2 Operator UNI Physical Layer Service Attribute 640 

The Operator UNI Physical Layer Service Attribute specifies the Client Protocol, the Coding Func-641 

tion and the Optical Interface Function used by the Operator for the physical link implementing 642 

                                                 
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 is defined in MEF 63 [26] as the combination of one Coding Function 643 

and one Optical Interface Function. Note that primarily Single-Mode Fibre (SMF) Optical Inter-644 

face Functions are considered as they are more commonly deployed for higher rate interfaces. The 645 

value of the Operator UNI Physical Layer Service Attribute is a 3-tuple of the form 〈p, c, o〉 where: 646 

• p is the Client Protocol, and 647 

• c is the Coding Function, and 648 

• o is the Optical Interface Function. 649 

[R17] The Client Protocol 〈p〉 MUST be one of the following values: 650 

• Ethernet, or 651 

• Fibre Channel, or 652 

• SDH, or 653 

• SONET. 654 

[R18] When p has the value Ethernet, the 3-tuple 〈Ethernet, c, o〉 MUST use one of 655 

the 13 possible 〈c, o〉 values for the Coding Function and Optical Interface 656 

Function shown in Table 10: 657 

 658 

Coding Function 〈c〉 (1) Optical Interface Function 〈o〉 (1) 

1000BASE-X  

PCS clause 36 coding function 

SX PMD clause 38 

LX PMD clause 38 

LX10 PMD clause 59 

BX10 PMD clause 59 

10GBASE-W (WAN PHY) 

PCS clause 49 and WIS clause 50 

coding function 

LW PMD clause 52 

EW PMD clause 52 

10GBASE-R (LAN PHY) 

PCS clause 49 coding function 

LR PMD clause 52 

ER PMD clause 52 

40GBASE-R  

PCS clause 82 coding function 

LR4 PMD clause 87 

ER4 PMD clause 87 

FR PMD clause 89 

100GBASE-R  

PCS clause 82 coding function 

LR4 PMD clause 88 

ER4 PMD clause 88 

(1) The clause references are in IEEE Std 802.3 [8]. 659 

Table 10 – Ethernet Physical Port 〈c, o〉 Values 660 

Note that each Coding Function reference and Optical Interface Function reference includes the 661 

bit rate. 662 

For example, if the value of the Client Protocol 〈p〉 is Ethernet, then 〈c, o〉 could be 〈10GBASE-R 663 

PCS clause 49 coding function, LR PMD clause 52〉. 664 



  Operator Layer 1 Service Attributes and Services 

WD 0.34 © MEF Forum 2019. Any reproduction of this Standard, or any portion thereof, shall contain the following 
statement: "Reproduced with permission of MEF Forum."  No user of this Standard is authorized to modify any 

of the information contained herein. 

Page 31 

 

 

Another example of 〈c, o〉 for an Ethernet Client Protocol is 〈10GBASE-R PCS clause 49 coding 665 

function, ER PMD clause 52〉. 666 

[R19] When p has the value Fibre Channel, the 3-tuple 〈Fibre Channel, c, o〉 MUST 667 

use one of the 10 possible 〈c, o〉 values for the Coding Function and Optical 668 

Interface Function shown in Table 11: 669 

 670 

Coding Function 〈c〉 Optical Interface Function 〈o〉 

FC-100 (1.0625 Gb/s) 

FC-FS-2 [3] clause 5 FC-1 

8B/10B coding function 

FC-PI-2 [2] clause 6.3 FC-0 100-SM-LC-L 

FC-200 (2.125 Gb/s) 

FC-FS-2 [3] clause 5 FC-1 

8B/10B coding function 

FC-PI-2 [2] clause 6.3 FC-0 200-SM-LC-L 

FC-400 (4.250 Gb/s) 

FC-FS-2 [3] clause 5 FC-1 

8B/10B coding function 

FC-PI-5 [5] clause 6.3 FC-0 400-SM-LC-L 

FC-PI-5 [5] clause 6.3 FC-0 400-SM-LC-M 

FC-800 (8.500 Gb/s) 

FC-FS-2 [3] clause 5 FC-1 

8B/10B coding function 

FC-PI-5 [5] clause 6.3 FC-0 800-SM-LC-L 

FC-PI-5 [5] clause 6.3 FC-0 800-SM-LC-I 

FC-1200 (10.51875 Gb/s) 

FC-10GFC [1] clause 13 FC-1 

coding function 

FC-10GFC [1] clause 6.4 FC-0 1200-SM-LL-L 

FC-1600 (14.025 Gb/s) 

FC-FS-3 [4] clause 5 FC-1 

64B/66B coding function 

FC-PI-5 [5] clause 6.3 FC-0 1600-SM-LC-L 

FC-PI-5 [5] clause 6.3 FC-0 1600-SM-LZ-I 

FC-3200 (28.05 Gb/s) 

FC-FS-4 [6] clause 5 FC-1 

64B/66B coding function plus 

256B/257B transcoding and 

FEC encoding 

FC-PI-6 [7] clause 5.3 FC-0 3200-SM-LC-L 

Table 11 – Fibre Channel Physical Port 〈c, o〉 Values 671 

Note that the bit rate is specified for each Coding Function because the reference is bit rate inde-672 

pendent. The bit rate of 28.05 Gb/s for the FC-3200 Coding Function corresponds to both the 673 

64B/66B encoded L1CI bit rate and the bit rate after 256B/257B transcoding and FEC encoding 674 

(i.e., those two codings do not alter the bit rate). Each Optical Interface Function reference includes 675 

the bit rate. 676 

For example, if the value of the Client Protocol 〈p〉 is Fibre Channel, then 〈c, o〉 could be 〈FC-800 677 

(8.500 Gb/s) FC-FS-2 clause 5 FC-1 8B/10B coding function, FC-PI-5 clause 6.3 FC-0 800-SM-678 

LC-L〉. 679 

Another example of 〈c, o〉 for a Fibre Channel Client Protocol is 〈FC-800 (8.500 Gb/s) FC-FS-2 680 

clause 5 FC-1 8B/10B coding function, FC-PI-5 clause 6.3 FC-0 800-SM-LC-I〉. 681 
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[R20] When p has the value SDH, the 3-tuple 〈SDH, c, o〉 MUST use one of the 42 682 

possible 〈c, o〉 values for the Coding Function and Optical Interface Function 683 

shown in Table 12: 684 

 685 

Coding Function 〈c〉 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] S-1.1 

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

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] S-4.1  

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

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-16.3 

STM-64 

ITU-T G.707 [15] framer, 

N=64 

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

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

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

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

ITU-T G.691 [12] I-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] VSR2000-3R1 

ITU-T G.693 [13] VSR2000-3R2 

ITU-T G.693 [13] VSR2000-3R3 

ITU-T G.693 [13] VSR2000-3R5 

ITU-T G.693 [13] VSR2000-3M1 

ITU-T G.693 [13] VSR2000-3M2 

ITU-T G.693 [13] VSR2000-3M3 

ITU-T G.693 [13] VSR2000-3M5 

ITU-T G.693 [13] VSR2000-3H2 
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Coding Function 〈c〉 Optical Interface Function 〈o〉 
ITU-T G.693 [13] VSR2000-3H3 

ITU-T G.693 [13] VSR2000-3H5 

Table 12 – SDH Physical Port 〈c, o〉 Values 686 

Note that each Coding Function reference and Optical Interface Function reference includes the 687 

bit rate. 688 

For example, if the value of the Client Protocol 〈p〉 is SDH, then 〈c, o〉 could be 〈STM-64 ITU-T 689 

G.707 framer N=64, ITU-T G.691 L-64.1〉. 690 

Another example of 〈c, o〉 for an SDH Client Protocol is 〈STM-64 ITU-T G.707 framer N=64, 691 

ITU-T G.691 S-64.3〉. 692 

[R21] When p has the value SONET, the 3-tuple 〈SONET, c, o〉 MUST use one of the 693 

49 possible 〈c, o〉 values for the Coding Function and Optical Interface Func-694 

tion shown in Table 13: 695 

 696 

Coding Function 〈c〉 Optical Interface Function 〈o〉 (1) 

OC-3 

GR-253-CORE [28] framer, 

N=3 

SR-1 

IR-1 

IR-2 

 LR-1 

LR-2 

LR-3 

OC-12 

GR-253-CORE [28] framer, 

N=12 

SR-1 

IR-1 

IR-2 

 LR-1 

LR-2 

LR-3 

VR-1 

VR-2 

VR-3 

UR-2 

UR-3 

OC-48 

GR-253-CORE [28] framer, 

N=48 

SR-1 

IR-1 

IR-2 

 LR-1 

LR-2 

LR-3 

VR-2 

VR-3 

UR-2 
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Coding Function 〈c〉 Optical Interface Function 〈o〉 (1) 

UR-3 

OC-192 

GR-253-CORE [28] framer, 

N=192 

SR-1 

SR-2 

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 

GR-253-CORE [28] framer, 

N=768 

SR-1 

SR-2 

IR-1 

IR-2 

IR-3 

 LR-1 

LR-2 

LR-3 

(1) The reference for all the listed values of 〈o〉 is GR-253-CORE clause 4.1 [28]  697 

Table 13 – SONET Physical Port 〈c, o〉 Values 698 

Note that each Coding Function reference and Optical Interface Function reference includes the 699 

bit rate. 700 

For example, if the value of the Client Protocol 〈p〉 is SONET, then 〈c, o〉 could be 〈OC-192 GR-701 

253-CORE framer N=192, GR-253-CORE clause 4.1 LR-2b〉. 702 

Another example of 〈c, o〉 for a SONET Client Protocol is 〈OC-192 GR-253-CORE framer N=192, 703 

GR-253-CORE clause 4.1 IR-3〉. 704 

The following general requirement applies: 705 

[R22] The Physical Layer MUST operate in full duplex mode. 706 

Note that it is the responsibility of the Service Provider to ensure that requirements [R12] and 707 

[R13] from MEF 63 [26] are met. 708 
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8.4 Operator L1VC Service Attributes 709 

An Operator L1VC is an association of two Operator L1VC End Points. An Operator L1VC End 710 

Point represents the logical attachment of an Operator L1VC to an EI. Only a single Operator 711 

L1VC End Point can be associated with a UNI, but multiple Operator L1VC End Points can be 712 

associated with an ENNI. 713 

The following requirements constrain how L1CIs can be exchanged between EIs. 714 

[R23] If the egress L1CI mapped to an Operator L1VC End Point results from ingress 715 

L1CI mapped to an Operator L1VC End Point, there MUST be an Operator 716 

L1VC that associates the two Operator L1VC End Points. 717 

[R24] If the egress L1CI mapped to an Operator L1VC End Point results from ingress 718 

L1CI mapped to an Operator L1VC End Point, the two Operator L1VC End 719 

Points MUST be different from each other. 720 

[R25] Except in cases of detected errors or faults, the L1CI MUST be transported bit 721 

identical from the ingress EI to the egress EI at the same frequency (aka timing 722 

transparent).  723 

Note that [R25] is a description of the ideal service. The L1CIs that are intended to be delivered 724 

might be replaced due to detected errors or faults. See the Operator L1VC Service Level Specifi-725 

cation (Section 8.4.3).   726 

An Operator L1VC always supports point-to-point, bi-directional (full duplex) transmission of 727 

L1CIs. That is, each Operator L1VC End Point associated by the Operator L1VC always supports 728 

ingress and egress L1CIs for that Operator L1VC. See Figure 14 and Figure 15 for examples of 729 

Operator Access and Operator Transit L1VCs.   730 

8.4.1 Operator L1VC Identifier Service Attribute 731 

The value of the Operator L1VC Identifier Service Attribute is a string that is used to allow the 732 

SP/SO and Operator to uniquely identify an Operator L1VC. 733 

[R26] The value of the Operator L1VC Identifier Service Attribute MUST be unique 734 

among all such identifiers for Operator L1VCs supported by the Operator Net-735 

work. 736 

[R27] The value of the Operator L1VC Identifier Service Attribute MUST contain no 737 

more than 45 characters.9 738 

[R28] The value of the Operator L1VC Identifier Service Attribute MUST be a non-739 

null RFC 2579 [10] DisplayString but not contain the characters 0x00 through 740 

0x1f. 741 

                                                 
9 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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Note that the value of the Subscriber L1VC Identifier Service Attribute described in MEF 63 [26] 742 

is known to the Subscriber and Service Provider. Whether the value of the Subscriber L1VC Iden-743 

tifier Service Attribute is made known to the Operators is up to the Service Provider. Similarly, 744 

whether the value of the Operator L1VC Identifier Service Attribute is made known to the Sub-745 

scriber is also up to the Service Provider.  746 

8.4.2 Operator L1VC End Point List Service Attribute 747 

The value of the Operator L1VC End Point List Service Attribute is a list of two Operator L1VC 748 

End Point Identifier Service Attribute values (Section 8.5.1), one for each Operator L1VC End 749 

Point associated by the Operator L1VC. 750 

[R29] The values of the Operator L1VC End Point Identifiers in the Operator L1VC 751 

End Point List MUST be different. 752 

Note that when the Operator L1VC End Points in the value of the Operator L1VC End Point List 753 

Service Attribute are at the same ENNI, the Operator Transit L1VC is said to provide Hairpin 754 

Connectivity (see Appendix C).     755 

8.4.3 Operator L1VC Service Level Specification Service Attribute 756 

The Operator L1VC Service Level Specification (SLS) Service Attribute is the technical specifi-757 

cation of aspects of the service performance agreed to by the SP/SO and the Operator. For any 758 

given SLS, a given Performance Metric may or may not be specified. 759 

The value of the Operator L1VC SLS Service Attribute is either None or a 3-tuple of the form 〈ts , 760 

T, PM〉 where: 761 

• ts is a time that represents the date and time for the start of the SLS. 762 

[R30] ts MUST be specified to the nearest second. 763 

• T is a duration that is used in conjunction with ts to specify a contiguous sequence of time 764 

intervals for determining when performance objectives are met. The units for T are not 765 

constrained. For example, a calendar month is an allowable value. Since the duration of a 766 

month varies it could be specified as, e.g. from midnight on the 10th of one month up to 767 

but not including midnight on the 10th of the following month.  768 

[R31] T MUST contain an integer number of seconds. 769 

• PM is a non-empty list where each element in the list consists of a Performance Metric 770 

Name, a list of parameter values specific to the definition of the Performance Metric, and 771 

Performance Metric Objective.  772 

A Performance Metric is a quantitative characterization of L1CI delivery quality experienced by 773 

the SP/SO. Methods for the SP/SO and the Operator to monitor the Operator L1VC performance 774 

to estimate this delivery quality are beyond the scope of this Standard. This section specifies the 775 

following Performance Metrics: 776 
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1. The One-way Delay Performance Metric (Section 8.4.3.3), 777 

2. The One-way Errored Second Performance Metric (Section 8.4.3.4), 778 

3. The One-way Severely Errored Second Performance Metric (Section 8.4.3.5), 779 

4. The One-way Unavailable Second Performance Metric (Section 8.4.3.6), and 780 

5. The One-way Availability Performance Metric (Section 8.4.3.7). 781 

These are similar to the Performance Metrics for a Subscriber L1VC described in MEF 63 [26] 782 

but are more general because they apply to both the client protocol L1CI of an Operator Access 783 

L1VC and the ODU L1CI of an Operator Transit L1VC (Section 7.4). For brevity the term L1CI 784 

is used to refer to both the client protocol L1CI and the ODU L1CI. 785 

[R32] If PM contains an entry with a given Performance Metric Name, then the entry 786 

MUST specify the related parameter values and the Performance Objective for 787 

that Performance Metric. 788 

An example of an Operator L1VC SLS Service Attribute (3-tuple) is shown in Table 14. 789 

 790 

Operator L1VC Service Level Specification 

Tuple Entry Value 

ts 2017-07-01, 08:00:00 UTC 

T one calendar month 

PM One-way Availability Performance Metric 

Ordered Operator L1VC End Point pair 〈U1, U2〉 
𝐴 ̂ = 99.99% 

Table 14 – Example of an Operator L1VC SLS with One Performance Metric 791 

𝑃𝑀 can contain multiple entries with a given Performance Metric Name, but one or more of the 792 

parameter values associated with each objective for a given Performance Metric Name need to be 793 

different from each other. For example, 𝑃𝑀 could contain two objectives for the One-way Delay 794 

Performance Metric, each corresponding to a different value of the percentile Pd (see Section 795 

8.4.3.3). 796 

[D2] The Operator SHOULD support an SLS with a value not equal to None. 797 

[D3] The Operator SHOULD support an SLS where the PM has separate entries with 798 

the same Performance Metric Name for each ordered Operator L1VC End Point 799 

pair in the value of the Operator L1VC End Point List Service Attribute. 800 

For example, given an Operator L1VC End Point List Service Attribute value = 〈A, B〉, the One-801 

way Delay Performance Metric Objective for ordered Operator L1VC End Point pair 〈A, B〉 could 802 

be different than the One-way Delay Performance Metric Objective for ordered Operator L1VC 803 

End Point pair 〈B, A〉 when the connectivity is provided over a uni-directional ring. 804 
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8.4.3.1 Basic Time Constructs 805 

For the SLS, the sequence {𝑇𝑙, 𝑙 = 0,1,2, … } is used where10 806 

𝑇𝑙 = [𝑡𝑠 + 𝑙𝑇, 𝑡𝑠 + (𝑙 + 1)𝑇) 807 

Each element of the sequence {𝑇𝑙}, referred to as an interval 𝑇𝑙  , is used for assessing the success 808 

of the Operator L1VC in meeting the Performance Metric Objectives of the SLS. Note that an 809 

interval 𝑇𝑙  has a date and time for its start and end, whereas T is simply a duration with no specified 810 

start and end time. Further, an interval 𝑇𝑙 is specified with respect to the start of the SLS (i.e., 𝑡𝑠).  811 

A sequence of seconds {𝜎𝑘 , 𝑘 = 0,1,2, … } is defined where 812 

𝜎𝑘 = [𝑡𝑠 + 𝑘, 𝑡𝑠 + 𝑘 + 1) 813 

A L1CI is considered to be in a 𝜎𝑘 second at an EI (e.g., to evaluate errored L1CI) when the last 814 

bit of that L1CI arrives at that EI within that 𝜎𝑘 second. Note that a L1CI could be in one 𝜎𝑘 second 815 

at the ingress EI and a different 𝜎𝑘 second at the egress EI (see Appendix D). 816 

8.4.3.2 Hierarchy of Time 817 

An SLS interval 𝑇𝑙 is divided into three categories: Available Time, Unavailable Time (see the text 818 

following Figure 21) and Maintenance Interval Time (see the text following Figure 20). The SLS 819 

Performance Metric Objectives for the One-way Delay Performance Metric, One-way Errored 820 

Second Performance Metric and One-way Severely Errored Second Performance Metric only ap-821 

ply during Available Time.11 Figure 19 illustrates the relationship between the three categories of 822 

time in an SLS interval 𝑇𝑙. 12 823 

 824 

Figure 19 – Hierarchy of Time 825 

                                                 
10 A value is in the range [X, Y) if X ≤ value < Y. In other words, the range includes all the values from X up to but 

not including Y. 
11 This is consistent with Note 6 of Figure I.1 in G.8201 [24] Appendix I. 
12 Based on Figure 16 in MEF 10.4 [25].   
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For a given ordered Operator L1VC End Point pair 〈i, j〉 and a given 𝑇𝑙 let 826 

𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑘) =  𝐸𝑆𝐸𝑆

〈𝑗〉 (𝜎𝑘) − 𝐼𝑆𝐸𝑆
〈𝑖〉 (𝜎𝑘) 827 

Where 𝐸𝑆𝐸𝑆
〈𝑗〉 (𝜎𝑘) and 𝐼𝑆𝐸𝑆

〈𝑖〉 (𝜎𝑘) are defined in Section 8.4.3.5.13 Informally, availability detected 828 

occurs following ten consecutive seconds when 829 

𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑘) ≤ 0 830 

For a given second 𝜎𝑘, the set of egress L1CI will be different than the set of ingress L1CI due to 831 

the transit delay (e.g., approximately 5ms for 1000km of fibre), which may result in a negative 832 

value for the above formula. Informally, unavailability detected occurs following ten consecutive 833 

seconds when 834 

𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑘) = 1 835 

Figure 20 illustrates an example of the detection of unavailability and availability.14 Each SES 836 

(gray square) in Figure 20 indicates that the value of 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑘) = 1 for that second. 837 

Each ES (crossed square) or error-free second (clear square) indicates that the value of  838 

𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑘) ≤ 0 for that second. Note that the ten consecutive seconds detection in-839 

terval shifts by one second increments, referred to as a sliding window. 840 

 841 

Figure 20 – Example of Detection of Unavailability and Availability 842 

Maintenance Interval Time (MIT) for 〈i, j〉, 𝑀𝐼𝑇(𝑖, 𝑗), is defined as the set of 𝜎𝑘’s within 𝑇𝑙 agreed 843 

to by the SP/SO and Operator during which the Operator L1VC may not perform well or at all. 844 

Examples of a Maintenance Interval include:15 845 

• An interval during which the Operator may disable the Operator L1VC for network 846 

maintenance such as equipment replacement. 847 

• An interval during which the SP/SO and Operator may perform joint fault isolation test-848 

ing. 849 

                                                 
13 The value of 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆

〈𝑖,𝑗〉(𝜎𝑘) can be approximated by the Operator for an Access or Transit L1VC using 

ODU tandem connection monitoring in G.709 [16]. However, measurement techniques are beyond the scope of this 

Standard. 
14 This figure is based on Figure A.1 in G.8201[24] Annex A. 
15 This is consistent with G.7710 [23] clause 10.1.2.  
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• An interval during which the Operator makes SP/SO requested changes and making such 850 

changes may disrupt the Operator L1VC. 851 

The sliding window of ten seconds used to detect availability or unavailability operates inde-852 

pendently of MIT. Consequently, a period of Unavailable Time (UAT) or Available Time (AT) 853 

(defined formally below, including U(𝑖, 𝑗) and A(𝑖, 𝑗)) of less than ten seconds could be entered 854 

prior to a Maintenance Interval. Similarly, a period of AT or UAT could be entered immediately 855 

following a Maintenance Interval. Figure 21 illustrates an example of a Maintenance Interval. Each 856 

SES (gray square) in Figure 21 indicates that the value of 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑘) = 1 for that 857 

second. Each ES (crossed square) or error-free second (clear square) indicates that the value of 858 

𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑘) ≤ 0 for that second. Note that the consecutive SES introduced by the 859 

Operator L1VC resulting in the detection of UAT are Unavailable Seconds (UAS) and do not 860 

contribute towards the One-way Severely Errored Second Performance Metric. 861 

 862 

Figure 21 – Example of a Maintenance Interval 863 

The formal definitions of AT and UAT follow.16 Each 𝜎𝑘, 𝑘 = 0,1,2,…. belongs to one of two sets; 864 

A(𝑖, 𝑗) or U(𝑖, 𝑗). The membership is determined by the following two expressions: 865 

𝜎0 ∈ 𝐴(𝑖, 𝑗) 866 

For 𝑘 = 1,2, …. 867 

𝜎𝑘 ∈

{
 
 

 
 𝐴(𝑖, 𝑗) if 𝜎𝑘−1 ∈ 𝐴(𝑖, 𝑗) and  there exists 𝑚 ∈ {𝑘, 𝑘 + 1,… , 𝑘 + 9} such that Operato𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆

〈𝑖,𝑗〉(𝜎𝑚) ≤ 0 

𝑈(𝑖, 𝑗) if 𝜎𝑘−1 ∈ 𝐴(𝑖, 𝑗) and 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑚) = 1 for 𝑚 = 𝑘, 𝑘 + 1,… , 𝑘 + 9                                        

𝑈(𝑖, 𝑗) if 𝜎𝑘−1 ∈ 𝑈(𝑖, 𝑗) and  there exists 𝑚 ∈ {𝑘, 𝑘 + 1,… , 𝑘 + 9} such that 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑚) = 1 

𝐴(𝑖, 𝑗) if 𝜎𝑘−1 ∈ 𝑈(𝑖, 𝑗) and 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐿1𝑉𝐶𝑆𝐸𝑆
〈𝑖,𝑗〉(𝜎𝑚) ≤ 0 for 𝑚 = 𝑘, 𝑘 + 1,… , 𝑘 + 9                                        

 868 

Then Available Time for 〈𝑖, 𝑗〉 and 𝑇𝑙 is defined as  869 

𝐴𝑇(𝑖, 𝑗, 𝑇𝑙) = {𝜎𝑘, 𝑘 = 0,1, … |𝜎𝑘 ∈ 𝐴(𝑖, 𝑗), 𝜎𝑘 𝑇𝑙, 𝜎𝑘𝑀𝐼𝑇(𝑖, 𝑗)} 870 

                                                 
16 Note these definitions of Available Time and Unavailable Time are different than the Available Time and Una-

vailable Time defined in G.7710 [23] Table 25 which do not explicitly state that MIT is excluded from the calcula-

tion of Available Time and Unavailable Time. 

SES introduced by Operator L1VC

ES (but not a SES) introduced by Operator L1VC

Error-free second over Operator L1VC

Time

Maintenance Interval

Period of Available Time

Period of

Available Time

Period of

Unavailable Time

Unavailability 

detected

10 s

Availability 

detected

10 s

A(i,j) U(i,j) A(i,j)𝜎𝑘 in 𝜎𝑘 in 𝜎𝑘 in
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and Unavailable Time for 〈𝑖, 𝑗〉 and 𝑇𝑙 is defined as 871 

𝑈𝐴𝑇(𝑖, 𝑗, 𝑇𝑙) = {𝜎𝑘, 𝑘 = 0,1, … |𝜎𝑘 ∈ 𝑈(𝑖, 𝑗), 𝜎𝑘 𝑇𝑙, 𝜎𝑘𝑀𝐼𝑇(𝑖, 𝑗)} 872 

8.4.3.3 One-way Delay Performance Metric 873 

The One-way Delay17 for the L1CI that ingresses at EI1 and that egresses at EI2 is defined as the 874 

time elapsed from the reception of the first bit of the ingress L1CI at EI1 until the reception of that 875 

first bit of the corresponding L1CI egressing at EI2.
18 This definition is illustrated in Figure 22. 876 

 877 

Figure 22 – One-way Delay for L1CI 878 

For a given ordered Operator L1VC End Point pair, denoted 〈𝑖, 𝑗〉, and a given 𝑇𝑙, let �̃�(〈𝑖, 𝑗〉, 𝑇𝑙) 879 

be the set of all One-way delays for L1CIs that ingress at the EI where 𝑖 is located during Available 880 

Time. Note that �̃�(〈𝑖, 𝑗〉, 𝑇𝑙) can be empty, e.g., when 𝐴𝑇(𝑖, 𝑗, 𝑇𝑙) = ∅ (i.e., is empty). Let 𝑃𝑑 be a 881 

percentage in (0, 100]. 882 

[R33] The SLS MUST define the One-way Delay Performance Metric, denoted 883 

�̅�(〈𝑖, 𝑗〉, 𝑇𝑙) as 884 

�̅�(〈𝑖, 𝑗〉, 𝑇𝑙) = {
0 if �̃�(〈𝑖, 𝑗〉, 𝑇𝑙)=∅                                                                

𝑃𝑑-percentile of the values in �̃�(〈𝑖, 𝑗〉, 𝑇𝑙) otherwise
 885 

Table 15 shows what is contained in a PM entry for the One-way Delay Performance Metric. 886 

 887 

Item Value 

Performance Metric Name One-way Delay Performance Metric 

〈𝑖, 𝑗〉 Ordered pair of Operator L1VC End Points  

Pd A percentage in (0, 100] 

�̂� Performance Metric Objective in time units > 0 

Table 15 – PM Entry for the One-way Delay Performance Metric 888 

                                                 
17 One-way delay is difficult to measure and therefore one-way delay may be approximated from two-way measure-

ments. However, measurement techniques are beyond the scope of this Standard. 
18 This definition is consistent with G.7710 [23] clause 10.1.2. 

Increasing Time

One-way Delay = t1 - t0

First bit of the 

L1CI arrives at 

the ingress EI1

t0 t1

First bit of the 

L1CI arrives at 

the egress EI2
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[R34] The SLS MUST define the One-way Delay Performance Metric Objective as 889 

met during Available Time over 𝑇𝑙 for a PM entry of the form in Table 15 if 890 

and only if �̅�(〈𝑖, 𝑗〉, 𝑇𝑙)  ≤ �̂� . 891 

Recall that for any given SLS, a given Performance Metric may or may not be specified (see Sec-892 

tion 8.4.3). 893 

Note that two One-way Delay Performance Metric Objectives 𝐷1̂ and 𝐷2̂ could be specified with 894 

corresponding parameters Pd1 and Pd2 respectively, where Pd2 > Pd1 (𝐷2̂ being a longer delay ob-895 

jective associated with a higher percentile Pd2 (e.g., 100th) to bound potentially longer delays fol-896 

lowing a protection switch). 897 

Note that an ENNI demarcation is a point, such that the time of the first bit of a given L1CI to 898 

egress one Operator’s network at an ENNI is also the time of the first bit of the same L1CI to 899 

ingress the adjacent Operator’s network – there is zero delay across an ENNI.  900 

8.4.3.4 One-way Errored Second Performance Metric 901 

An errored second (ES) is defined as one second 𝜎𝑘 in Available Time with at least one errored 902 

block (EB)19 and is not a SES (see Section 8.4.3.5). An EB is defined as a block in which one or 903 

more bits are in error following Forward Error Correction.20 In this specification the L1CI corre-904 

sponds to a block. The definition of an errored client protocol L1CI for each category of client 905 

protocol is listed in Table 16.  906 

                                                 
19 This definition is consistent with G.8201 [24] Annex A and G.7710 [23] clause 10.1.2. 
20 This definition is consistent with G.8201 [24] clauses 3.1.1 and 3.2 and G.7710 [23] clause 10.1.2. 
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Client Protocol /  

Physical Port 

Coding Errored Client Protocol L1CI Definition (1) 

Ethernet 

GigE  8B/10B An invalid code-group as defined in clause 36.2.4.6 in 

IEEE Std 802.3 [8] 

10GigE WAN  Scrambled A Section BIP-8 anomaly/error as defined in clause 

50.3.2.5 in IEEE Std 802.3 [8] 

10GigE LAN  64B/66B An invalid block as defined in Clause 49.2.4.6 in IEEE Std 

802.3 [8] 

40GigE  64B/66B An invalid block as defined in clause 82.2.3.5 in IEEE Std 

802.3 [8] 100GigE  64B/66B 
Fibre Channel 

FC-100 8B/10B A code violation as defined in Clause 5.3.3.3 in FC-FS-2 

[3] FC-200 8B/10B 
FC-400 8B/10B 
FC-800 8B/10B 
FC-1200 64B/66B Clause 13 in FC-10GFC [1] points to IEEE Std 802.3 [8] 

FC-1600 64B/66B A code violation as defined in clause 5.3 in FC-FS-3 [4] 

FC-3200 64B/66B A code violation as defined in clause 5.3 in FC-FS-4 [6] 

SDH 

STM-1 Scrambled A Regenerator Section B1 error and errored block as de-

fined in clause 10.2.1.2 in ITU-T G.783 [17]  STM-4 Scrambled 
STM-16 Scrambled 
STM-64 Scrambled 
STM-256 Scrambled 
SONET 

OC-3 Scrambled Section B1 error monitoring as defined in clause 3.3.2.1 in 

Telcordia GR-253-CORE [28] OC-12 Scrambled 
OC-48 Scrambled 
OC-192 Scrambled 
OC-768 Scrambled 

(1) The error detection capability of the coding functions varies. 907 

Table 16 – Errored Client Protocol L1CI Definition  908 

The definition of an errored ODU L1CI is listed in Table 17.  909 



  Operator Layer 1 Service Attributes and Services 

WD 0.34 © MEF Forum 2019. Any reproduction of this Standard, or any portion thereof, shall contain the following 
statement: "Reproduced with permission of MEF Forum."  No user of this Standard is authorized to modify any 

of the information contained herein. 

Page 44 

 

 

ODUk   Coding Errored ODU L1CI Definition 

0 Scrambled An ODUk path BIP-8 error and errored block as defined in 

clause 8.3.4.2 in ITU-T G.798 [18] 1 Scrambled 
flex Scrambled 
2 Scrambled 
2e Scrambled 
3 Scrambled 

4 Scrambled 

Table 17 – Errored ODU L1CI Definition  910 

Per [R25], an ES at the ingress EI will typically result in an ES at the egress EI. To quantify the 911 

performance of the Operator L1VC the One-way Errored Second Performance Metric is defined 912 

as the difference between egress ES and ingress ES. 913 

[R35] For a given ordered Operator L1VC End Point pair 〈𝑖, 𝑗〉 and a given 𝑇𝑙, the 914 

SLS MUST define the One-way Errored Second Performance Metric as fol-915 

lows:  916 

• Let 𝐼𝐸𝑆
〈𝑖〉(𝜎𝑘) = {

1 if 𝜎𝑘 is an Errored Second
0 otherwise                              

 917 

denote whether there is an ingress ES during one second 𝜎𝑘 of Available Time 918 

in 𝑇𝑙 at the EI where Operator L1VC End Point i is located.  919 

• Let 𝐸𝐸𝑆
〈𝑗〉(𝜎𝑘) = {

1 if 𝜎𝑘 is an Errored Second
0 otherwise                              

  920 

denote whether there is an egress ES during the same one second 𝜎𝑘 of Avail-921 

able Time in 𝑇𝑙 at the EI where Operator L1VC End Point j is located.  922 

• Then the One-way Errored Second Performance Metric MUST be defined as: 923 

∑ (𝐸𝐸𝑆
〈𝑗〉(𝜎𝑘) − 𝐼𝐸𝑆

〈𝑖〉(𝜎𝑘))

𝜎𝑘⊆𝐴𝑇(𝑖,𝑗,𝑇𝑙)

 924 

The value of the One-way Errored Second Performance Metric is represented by the symbol Er-925 

rored Second PM.  926 

For a given second 𝜎𝑘 of Available Time, the set of egress L1CI will be different than the set of 927 

ingress L1CI due to the transit delay (e.g., approximately 5ms for 1000km of fibre). However, the 928 

net effect on an Errored Second PM is expected to be negligible.  929 

Table 18 shows what is contained in a PM entry for the One-way Errored Second Performance 930 

Metric.  931 
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Item Value 

Performance Metric Name One-way Errored Second Performance Metric 

〈𝑖, 𝑗〉 Ordered pair of Operator L1VC End Points  

𝐸�̂� Performance Metric Objective expressed as an integer ≥ 0 

Table 18 – PM Entry for the One-way Errored Second Performance Metric 932 

[R36] The SLS MUST define the One-way Errored Second Performance Metric Ob-933 

jective as met during Available Time over 𝑇𝑙 for a PM entry of the form in 934 

Table 18 if and only if Errored Second PM ≤ 𝐸�̂�. 935 

Recall that for any given SLS, a given Performance Metric may or may not be specified (see Sec-936 

tion 8.4.3). 937 

8.4.3.5 One-way Severely Errored Second Performance Metric 938 

A Severely Errored Second (SES) is defined as: 939 

• One second 𝜎𝑘 which contains ≥ 15% errored L1CI21, where an errored L1CI is defined 940 

in Section 8.4.3.4, or 941 

• One second 𝜎𝑘 which contains a defect (e.g., loss of signal)22.  942 

A defect may occur on ingress to an Operator’s network or within the Operator’s network and may 943 

result in the insertion of a replacement signal (transport technology specific). Note that a replace-944 

ment signal itself represents a defect. 945 

Note that a SES is not counted as an ES (see Section 8.4.3.4). 946 

For example, if the Operator Access L1 Service is provided by an OTN network, the client protocol 947 

defect, transport defect and replacement signal reference for each category of client protocol are 948 

listed in Table 19.   949 

                                                 
21 This definition is consistent with G.8201 [24] clause 3.1.2. 
22 This definition is consistent with G.8201 [24] clause 7.1.2 and G.7710 [23] clause 10.1.2. 
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Client Protocol /  

Physical Port 

Defects and Replacement signal 

Clause reference in G.709 [16] 

Ethernet  

GigE  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 17.7.2 

FC-400 17.9.1 

FC-800 17.9.1 

FC-1200 17.8.2 

FC-1600 17.9.2 

FC-3200 17.9.3 

SDH  

STM-1 17.7.1 

STM-4 17.7.1 

STM-16 17.2 

STM-64 17.2 

STM-256 17.2 

SONET  

OC-3 17.7.1 

OC-12 17.7.1 

OC-48 17.2 

OC-192 17.2 

OC-768 17.2 

Table 19 – Defects and Replacement Signal per Client Protocol in OTN 950 

As another example, if the Operator Transit L1 Service is provided by an OTN network, the server 951 

defect detection (OTUk) and replacement signal (ODU-AIS) references are listed in Table 20. 952 

 953 

Function Definition Reference 

Server defect detection and 

replacement signal insertion 

OTU/ODU Adaptation Sink G.798 Section 13.3.1.2 [18] 

ODU-AIS replacement signal G.709 Section 16.5.1 [16] 

Table 20 – Server Defect Detection and Replacement Signal for ODUk  954 

Per [R25], a SES at the ingress EI will typically result in a SES at the egress EI. To quantify the 955 

performance of the Operator L1VC the One-way Severely Errored Second Performance Metric is 956 

defined as the difference between egress SES and ingress SES. 957 

[R37] For a given ordered Operator L1VC End Point pair 〈𝑖, 𝑗〉 and a given 𝑇𝑙, the 958 

SLS MUST define the One-way Severely Errored Second Performance Metric 959 

as follows:  960 
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• Let 𝐼𝑆𝐸𝑆
〈𝑖〉 (𝜎𝑘) = {

1 if 𝜎𝑘 is a Severely Errored Second
0 otherwise                                             

  961 

denote whether there is an ingress SES during one second 𝜎𝑘 within 𝑇𝑙 at the 962 

EI where Operator L1VC End Point i is located.  963 

• Let 𝐸𝑆𝐸𝑆
〈𝑗〉 (𝜎𝑘) = {

1 if 𝜎𝑘 is a Severely Errored Second
0 otherwise                                             

  964 

denote whether there is an egress SES during the same one second 𝜎𝑘 within 965 

𝑇𝑙 at the EI where Operator L1VC End Point j is located.  966 

• Then the One-way Severely Errored Second Performance Metric MUST be 967 

defined as: 968 

∑ (𝐸𝑆𝐸𝑆
〈𝑗〉 (𝜎𝑘) − 𝐼𝑆𝐸𝑆

〈𝑖〉 (𝜎𝑘))

𝜎𝑘⊆𝐴𝑇(𝑖,𝑗,𝑇𝑙)

 969 

The value of the One-way Severely Errored Second Performance Metric is represented by the 970 

symbol Severely Errored Second PM. 971 

For a given second 𝜎𝑘 of Available Time, the set of egress L1CI will be different than the set of 972 

ingress L1CI due to the transit delay (e.g., approximately 5ms for 1000km of fibre). However, the 973 

net effect on a Severely Errored Second PM is expected to be negligible. 974 

Table 21 shows what is contained in a PM entry for the One-way Severely Errored Second Perfor-975 

mance Metric. 976 

 977 

Item Value 

Performance Metric Name One-way Severely Errored Second Performance Metric 

〈𝑖, 𝑗〉 Ordered pair of Operator L1VC End Points  

𝑆𝐸�̂� Performance Metric Objective expressed as an integer ≥ 0 

Table 21 – PM Entry for the One-way Severely Errored Second Performance Metric 978 

[R38] The SLS MUST define the One-way Severely Errored Second Performance 979 

Metric Objective as met during Available Time over 𝑇𝑙 for a PM entry of the 980 

form in Table 21 if and only if Severely Errored Second PM ≤ 𝑆𝐸�̂�. 981 

Recall that for any given SLS, a given Performance Metric may or may not be specified (see Sec-982 

tion 8.4.3). 983 

8.4.3.6 One-way Unavailable Second Performance Metric 984 

An Unavailable Second (UAS) is defined as a second during Unavailable Time (UAT) (Section 985 

8.4.3.2). 986 
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[R39] For a given ordered Operator L1VC End Point pair and a given 𝑇𝑙, the SLS 987 

MUST define the One-way Unavailable Second Performance Metric as the to-988 

tal number of UAS for the ordered Operator L1VC End Point pair over 𝑇𝑙. 989 

The value of the One-way Unavailable Second Performance Metric is represented by the symbol 990 

Unavailable Seconds PM. 991 

Table 22 shows what is contained in a PM entry for the One-way Unavailable Second Performance 992 

Metric. 993 

 994 

Item Value 

Performance Metric Name One-way Unavailable Second Performance Metric 

〈𝑖, 𝑗〉 Ordered pair of Operator L1VC End Points  

𝑈𝐴�̂� Performance Metric Objective expressed as an integer ≥ 0 

Table 22 – PM Entry for the One-way Unavailable Second Performance Metric 995 

[R40] The SLS MUST define the One-way Unavailable Second Performance Metric 996 

Objective as met over 𝑇𝑙 for a PM entry of the form in Table 22 if and only if 997 

Unavailable Seconds PM ≤ 𝑈𝐴�̂�. 998 

Recall that for any given SLS, a given Performance Metric may or may not be specified (see Sec-999 

tion 8.4.3). 1000 

8.4.3.7 One-way Availability Performance Metric 1001 

Availability is defined as the number of seconds of Available Time divided by the sum of the 1002 

number of seconds of Available Time plus the number of seconds of Unavailable Time expressed 1003 

as a percentage over a given interval 𝑇𝑙 (Section 8.4.3.2).23  1004 

[R41] For a given ordered Operator L1VC End Point pair and a given 𝑇𝑙, the SLS 1005 

MUST define the One-way Availability Performance Metric for the ordered 1006 

Operator L1VC End Point pair over the time interval 𝑇𝑙 as: 1007 

|𝐴𝑇(𝑖, 𝑗, 𝑇𝑙)|

|𝐴𝑇(𝑖, 𝑗, 𝑇𝑙)| + |𝑈𝐴𝑇(𝑖, 𝑗, 𝑇𝑙)| 
 𝑥 100% 1008 

when (|𝐴𝑇(𝑖, 𝑗, 𝑇𝑙)| + |𝑈𝐴𝑇(𝑖, 𝑗, 𝑇𝑙)|) > 0 and 100% otherwise 1009 

where the vertical bars around each set indicate the number of elements in the 1010 

set. 1011 

The value of the One-way Availability Performance Metric is represented by the symbol Availa-1012 

bility PM. 1013 

                                                 
23 Note this definition of Available Time is different than the Available Time defined in G.7710 [23] Table 25 which 

does not explicitly state that MIT is excluded from the calculation of Available Time. 
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For example, for |𝐴𝑇(𝑖, 𝑗, 𝑇𝑙)| = 2,591,974 and |𝑈𝐴𝑇(𝑖, 𝑗, 𝑇𝑙)| = 26, then the Availability PM is 1014 

99.999%. 1015 

Table 23 shows what is contained in a PM entry for the One-way Availability Performance Metric. 1016 

 1017 

Item Value 

Performance Metric Name One-way Availability Performance Metric 

〈𝑖, 𝑗〉 Ordered pair of Operator L1VC End Points  

�̂� Performance Metric Objective expressed as a percentage > 0 

Table 23 – PM Entry for the One-way Availability Performance Metric 1018 

[R42] The SLS MUST define the One-way Availability Performance Metric Objec-1019 

tive as met over 𝑇𝑙 for a PM entry of the form in Table 23 if and only if Avail-1020 

ability PM  ≥ �̂�. 1021 

Recall that for any given SLS, a given Performance Metric may or may not be specified (see Sec-1022 

tion 8.4.3). 1023 

8.5 Operator L1VC End Point Service Attributes 1024 

An Operator L1VC End Point is a logical entity at a given EI that is associated with L1CI passing 1025 

over that EI. Per Section 8.4, an Operator L1VC is an association of two Operator L1VC End 1026 

Points. An Operator L1VC End Point represents the logical attachment of an Operator L1VC to 1027 

an EI. 1028 

8.5.1 Operator L1VC End Point Identifier Service Attribute 1029 

The value of the Operator L1VC End Point Identifier Service Attribute is a string that is used to 1030 

allow the SP/SO and Operator to uniquely identify the Operator L1VC End Point. 1031 

[R43] The value of the Operator L1VC End Point Identifier MUST be unique among 1032 

all such identifiers for Operator L1VC End Points supported by the Operator 1033 

network. 1034 

[R44] The value of the Operator L1VC End Point Identifier MUST contain no more 1035 

than 45 characters.24 1036 

[R45] The value of the Operator L1VC End Point Identifier MUST be a non-null RFC 1037 

2579 [10] Display String but not contain the characters 0x00 through 0x1f. 1038 

8.5.2 Operator L1VC End Point External Interface Type Service Attribute 1039 

The value of the Operator L1VC End Point External Interface Type Service Attribute is either UNI 1040 

or ENNI. 1041 

                                                 
24 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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8.5.3 Operator L1VC End Point External Interface Identifier Service Attribute 1042 

The value of the Operator L1VC End Point External Interface Identifier Service Attribute is either 1043 

an Operator ENNI Identifier Service Attribute value per Section 8.2.1 or an Operator UNI Identi-1044 

fier Service Attribute value per Section 8.3.1. 1045 

[R46] If the value of the Operator L1VC End Point External Interface Type Service 1046 

Attribute is ENNI, then the value of the Operator L1VC End Point External 1047 

Interface Identifier Service Attribute MUST be an Operator ENNI Identifier 1048 

Service Attribute value per Section 8.2.1. 1049 

[R47] If the value of the Operator L1VC End Point External Interface Type Service 1050 

Attribute is UNI, then the value of the Operator L1VC End Point External In-1051 

terface Identifier Service Attribute MUST be an Operator UNI Identifier Ser-1052 

vice Attribute value per Section 8.3.1. 1053 

The combination of the Operator L1VC End Point External Interface Type value (Section 8.5.2) 1054 

and the Operator L1VC End Point External Interface Identifier value serve to specify a specific 1055 

EI. The Operator L1VC End Point is said to be at this EI. 1056 

8.5.4 Operator L1VC End Point Map Service Attribute 1057 

The value of the Operator L1VC End Point Map Service Attribute is either Not Applicable or a 1058 

non-empty list of 2-tuples of the form 〈𝑖, 𝑇𝑆〉. 1059 

[R48] The value of the Operator L1VC End Point Map Service Attribute MUST be 1060 

Not Applicable if, and only if, the value of the Operator L1VC End Point Inter-1061 

face Type Service Attribute is UNI. 1062 

In the 2-tuple 〈𝑖, 𝑇𝑆〉, where 𝑖 ∈ {1,2, … , 𝑘} and 𝑘 is specified in the value of the ENNI List of 1063 

Physical Layers Common Attribute (Section 8.1.2) for the ENNI identified by the value of the 1064 

Operator L1VC End Point External Interface Identifier Service Attribute (Section 8.5.3) and 𝑇𝑆 is 1065 

either: 1066 

• A  specification of the Tributary Slots occupied in a HO ODUi of the form 1067 

𝑛{list of integers} where 𝑛 = 1.25 or 2.5 to indicate the nominal Tributary Slot rate in 1068 

Gb/s [Table 7-9 in G.709 [16]] or 1069 

• Null. 1070 

The Operator L1VC End Point Map Service Attribute specifies which bits that cross the ENNI are 1071 

mapped to and from the Operator L1VC End Point. 𝑇𝑆 = Null indicates that all bits of the ODU 1072 

crossing the ENNI are mapped to the Operator L1VC End Point and i = k. 1073 

[R49] The value of the Operator L1VC End Point Map Service Attribute MUST con-1074 

tain an entry with 𝑖 = 𝑘. 1075 
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Note that it is the responsibility of the SP/SO to ensure that the value of 〈𝑘, 𝑇𝑆〉 be used in the 1076 

value of the proper Operator L1VC End Point Map Service Attribute in the peering Operator Net-1077 

work.  1078 

[R50] The value of the Operator L1VC End Point Map Service Attribute MUST be 1079 

such that each value of 𝑖 is unique within the list of 2-tuples. 1080 

Referring to the Figure 23 example, consider the Operator C Access L1VC between UNI 1 and 1081 

ENNI 1 which has an ENNI List of Physical Layers Common Attribute with an index 𝑘 = 4 in the 1082 

value of the entry 〈c〉. Suppose the SP and Operator C agree that the client protocol is FC-400, 1083 

which is mapped into a LO ODUflex that is further multiplexed into a HO ODU2. The details of 1084 

how LO ODUs are multiplexed into the Tributary Slots of HO ODUs are defined in clause 19 of 1085 

G.709 [16]. Then the value of the Operator C L1VC End Point Map Service Attribute could be: 1086 

〈2,1.25{1,2,3,4}〉, 〈4,1.25{9,10,11,12,13,14,15,16}〉, where the LO ODUflex is multiplexed into 1087 

Tributary Slots 1-4 of a HO ODU2, which is multiplexed into Tributary Slots 9-16 of the HO 1088 

ODU4 exchanged at ENNI 1 (as indicated by the black ellipse, only the associated L1VC End 1089 

Point is shown for clarity). 1090 

 1091 

Figure 23 – Operator Access and Transit L1VCs Example 1092 

Continuing the example for the Operator D Transit L1VC, at the same ENNI 1 which has an ENNI 1093 

List of Physical Layers Common Attribute with an index 𝑘 = 4 in the value of the entry 〈c〉, the 1094 

SP and Operator D agree on the value of the Operator D L1VC End Point Map Service Attribute 1095 

to be: 〈4,1.25{9,10,11,12,13,14,15,16}〉. Operator D is responsible for transporting the HO ODU2 1096 

and has no need to know its structure, only the Tributary Slots it occupies in the HO ODU4 (indi-1097 

cated by the black ellipse, only the associated L1VC End Point is shown for clarity). At ENNI 2, 1098 

which has an ENNI List of Physical Layers Common Attribute with an index 𝑘 = 2 in the value 1099 
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of the entry 〈c〉, the SP and Operator D agree on the value of the Operator D L1VC End Point Map 1100 

Service Attribute to be: 〈2, 𝑁𝑢𝑙𝑙〉 (note there is no multiplexing by Operator D for delivering the 1101 

HO ODU2 across ENNI 2, therefore the Null value and no black ellipse is in the figure). 1102 

For the Operator E Access L1VC between ENNI 2, which has an ENNI List of Physical Layers 1103 

Common Attribute with an index 𝑘 = 2 in the value of the entry 〈c〉, and UNI 2, the SP and Oper-1104 

ator E agree on the value of the Operator E L1VC End Point Map Service Attribute to be: 1105 

〈2,1.25{1,2,3,4}〉, where the LO ODUflex can be demultiplexed from Tributary Slots 1-4 of the 1106 

HO ODU2 (indicated by the black ellipse, only the associated L1VC End Point is shown for clar-1107 

ity) and delivered to UNI 2 where the FC-400 client protocol is demapped.  1108 
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9 Operator Layer 1 Service Definitions and Requirements 1109 

The Operator L1 Service definitions in this Standard use the Service Attribute framework de-1110 

scribed in Section 6.1. Based on that framework, the four types of Service Attributes are used to 1111 

define a given Operator L1 Service: ENNI (Section 8.2), Operator UNI (Section 8.3), Operator 1112 

L1VC (Section 8.4) and Operator L1VC End Point (Section 8.5). Note that ENNI Common At-1113 

tributes (Section 8.1) are, by definition, common to all Operator L1 Services with Operator L1VC 1114 

End Points at the ENNI. This section does not impose any constraints on the values of the ENNI 1115 

Common Attributes as specified in Section 8.1. 1116 

Section 9.1 provides the requirements for an Operator Access L1 Service and Section 9.2 provides 1117 

the requirements for an Operator Transit L1 Service. 1118 

9.1 Operator Access Layer 1 Service Definition and Requirements 1119 

An Operator Access L1 Service is an Operator L1 Service that uses an Operator L1VC which 1120 

associates one Operator L1VC End Point at a UNI and one Operator L1VC End Point at an ENNI; 1121 

that is, where the Operator L1VC End Point List Service Attribute value contains one Operator 1122 

L1VC End Point with an Operator L1VC End Point External Interface Type Service Attribute 1123 

value of UNI and one with an Operator L1VC End Point External Interface Type Service Attribute 1124 

value of ENNI. 1125 

Figure 9 illustrates several examples of an Operator Access L1 Service.  1126 

The Operator Access L1 Service definition is specified in terms of the Service Attributes in Section 1127 

8. The additional requirement below applies for the Operator L1VC End Point List Service Attrib-1128 

ute (Section 8.4.2). 1129 

[R51] For an Operator Access L1 Service one of the Operator L1VC End Points in 1130 

the value of the Operator L1VC End Point List Service Attribute MUST be at 1131 

an ENNI and the other MUST be at a UNI. 1132 

9.2 Operator Transit Layer 1 Service Definition and Requirements 1133 

An Operator Transit L1 Service is an Operator L1 Service that uses one Operator L1VC which 1134 

associates one Operator L1VC End Point at an ENNI and one Operator L1VC End Point at another 1135 

ENNI; that is, where the Operator L1VC End Point List Service Attribute value contains two Op-1136 

erator L1VC End Points where both have an Operator L1VC End Point External Interface Type 1137 

Service Attribute value of ENNI. 1138 

Figure 9 illustrates an example of an Operator Transit L1 Service.  1139 

The Operator Transit L1 Service definition is specified in terms of the Service Attributes in Section 1140 

8. The additional requirement below applies for the Operator L1VC End Point List Service Attrib-1141 

ute (Section 8.4.2). 1142 
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[R52] For an Operator Transit L1 Service both of the Operator L1VC End Points in 1143 

the value of the Operator L1VC End Point List Service Attribute MUST be at 1144 

ENNIs.  1145 
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Appendix A Additional Multiplexing Examples (Informative) 1199 

In Figure 24, the OTUk is split into parallel lanes referred to as OTLk.n, a group of “n” Optical 1200 

Transport Lanes (OTL) that carry one OTUk. In this example the value of “n” is four, which means 1201 

that an OTUk is carried over the four lanes of an OTLk.4. Each of the four lanes is carried over a 1202 

corresponding OTSi, forming an OTSi Group (OTSiG). 1203 

 1204 

Figure 24 – Example of Mapped & Multiplexed Client Protocols over OTLk.4 and OTSiG 1205 

In Figure 25, the directly mapped client protocols are illustrated being multiplexed into HO 1206 

OPUk/ODUk along with the mapped and multiplexed client protocols. Note that for a 100GigE 1207 

client protocol, which is mapped into a LO OPU4/ODU4, there is no higher rate HO OPU/ODU 1208 

defined for multiplexing (i.e., not considering the OPUCn/ODUCn/OTUCn in this version of the 1209 

document). 1210 
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 1211 

Figure 25 – Example with Directly Mapped Client Protocols included in HO Multiplexing 1212 

In Figure 26, the mapped and multiplexed client protocols (i.e., mapped into LO OPUi/ODUi and 1213 

multiplexed into HO OPUj/ODUj) are further multiplexed with other HO OPUj/ODUj into a Super 1214 

HO (SHO) OPUk/ODUk. This scenario is possible at a Shared ENNI, where Access L1VCs asso-1215 

ciated with one Service Provider are aggregated into a HO OPUj/ODUj, then multiplexed with HO 1216 

OPUj/ODUj associated with other Service Providers into the SHO OPUk/ODUk for handoff at the 1217 

ENNI.  1218 
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 1219 

Figure 26 – Example of Mapped & Multiplexed Client Protocols in SHO Multiplexing  1220 
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Appendix B Relationship Between Operator L1VCs and ODUk Paths (In-1221 

formative) 1222 

An Operator L1VC does not typically correspond to an ODUk path. For example, a possible set 1223 

of ODUk paths supporting the Operator L1VCs from Figure 14 is shown in Figure 27 (which has 1224 

been reorganized to compare the Operator L1VCs with the supporting ODUk paths). There are 1225 

non-OTN path segments at each end of the connectivity between UNI 1 and UNI 2 (e.g., physical 1226 

links native to the client protocol). Therefore, in this example, UNIs 1 and 2 do not coincide geo-1227 

graphically with the locations of the LO ODU2e path overhead termination. Further, ENNIs 1 and 1228 

2 do not correspond to LO ODU2e path overhead termination points. The same applies for the 1229 

connectivity between UNIs 3 and 4 in the Operator C and D networks. In this example we assume 1230 

that a HO ODU3 is used to multiplex and carry the two LO ODU2e across ENNI 1. There is no 1231 

Operator L1VC associated with the HO ODU3.  1232 

The relationship between an Operator L1VC End Point and the LO/HO ODU structure at an ENNI 1233 

is described by the Operator L1VC End Point Map Service Attribute (Section 8.5.4). 1234 

 1235 

Figure 27 – Operator L1VCs and ODUk Paths Example 1236 

The following discusses the value of the Operator Path Overhead Service Attribute (Section 8.2.3) 1237 
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Attribute is List, with a set of overhead entries (see Table 9) for each LO ODU2e terminated at 1239 

UNI 1 and UNI 3. The value of the Operator E Path Overhead Service Attribute is List, with a set 1240 

of overhead entries for the LO ODU2e terminated at UNI 2. The SP/SO (not shown in the figure) 1241 

agrees with Operator C and Operator E to establish consistent values of the overhead entries for 1242 

the LO ODU2e terminated at UNI 1 and UNI 2, respectively. 1243 

The value of the Operator D Path Overhead Service Attribute is List, with a set of overhead entries 1244 

for the LO ODU2e terminated at UNI 4. Note that Operator D does not terminate the LO ODU2e 1245 

supporting the Transit L1VC, so there is no associated set of overhead entries. The SP/SO agrees 1246 

with Operator C and Operator D to establish consistent values of the overhead entries for the LO 1247 

ODU2e terminated at UNI 3 and UNI 4, respectively. 1248 

ENNI 1 is a Type 3 ENNI (see Figure 13) and the HO ODU3 overhead values are specified by the 1249 

ENNI List of Physical Layers Common Attribute (Section 8.1.2), agreed by Operator C and Op-1250 

erator D.  1251 
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Appendix C ENNI Hairpin Connectivity (Informative) 1252 

In the Figure 28 example network, Operator C is unable to provide the desired connectivity be-1253 

tween UNI 1 and UNI 3 within its network. The SP/SO arranges for Operator C to provide Access 1254 

L1VCs from UNI 1 and UNI 2 to ENNI 1 and for Operator D to provide a Transit L1VC with 1255 

Hairpin Connectivity at ENNI 1. The traffic from the Operator D Transit L1VC End Points at 1256 

ENNI 1 use different Tributary Slots in the multiplexed HO ODUk across ENNI 1 to the Operator 1257 

C network. For example, if the Operator C Access L1VCs and the Operator D Transit L1VC are 1258 

carried in an ODU2e and the value of 𝑘 = 3 for ENNI 1, then the values of the corresponding 1259 

Operator L1VC End Point Map Service Attribute (Section 8.5.4) could be as listed in the tables in 1260 

Figure 28.  1261 

 1262 

Figure 28 – Example of ENNI Hairpin Connectivity  1263 
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Appendix D Evaluation of One-way Errored Second Performance Metric (In-1264 

formative) 1265 

 The One-way Errored Second Performance Metric is defined in section 8.4.3.4 as: 1266 

∑ (𝐸𝐸𝑆
〈𝑗〉(𝜎𝑘) − 𝐼𝐸𝑆

〈𝑖〉(𝜎𝑘))

𝜎𝑘⊆𝐴𝑇(𝑖,𝑗,𝑇𝑙)

 1267 

As discussed, for a given second 𝜎𝑘 of Available Time, the set of egress L1CI can be different than 1268 

the set of ingress L1CI due to the transit delay (e.g., approximately 5ms for 1000km of fibre). An 1269 

example of the effect of this delay on the evaluation of the One-way Errored Second Performance 1270 

Metric is illustrated in Figure 29. 1271 

  1272 

Figure 29 – Example Evaluation of the One-way Errored Second Performance Metric 1273 

In the example, the egress EI 𝜎𝑘 is used to determine whether there was an ingress or egress ES.  1274 

For a delay of 5ms, 0.5% of the L1CI arriving at the ingress EI during a given 𝜎𝑘  will be evaluated 1275 

in the following 𝜎𝑘  at the egress EI. Note there is a similar effect on the evaluation of the One-1276 
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Appendix E Use Cases (Informative) 1278 

The following sections provide examples of Subscriber L1 Service use cases composed of Opera-1279 

tor L1 Services. 1280 

E.1 Router Interconnect 1281 

In this use case, Operator A has two independent business units (BU). The Operator A Metro BU 1282 

provides typical residential and business services within a metro. The services in different metros 1283 

are interconnected using routers. The Operator A Transport BU provides the regional interconnect 1284 

between areas served by the Operator A Metro BU. In the Figure 30 example, the footprint of the 1285 

Operator A Transport network is supplemented through an arrangement with Operator B to use 1286 

their national backbone service. Note that in this example the Operator A Metro BU is the Sub-1287 

scriber for the ten Subscriber L1 Services interconnecting the ten pairs of routers and the Operator 1288 

A Transport BU is the Service Provider. 1289 

 1290 

Figure 30 – Router Interconnect Example 1291 

The router-to-router transport connectivity is composed of twenty Operator A Access L1VCs (ten 1292 

in each region) plus a single Operator B Transit L1VC. Each Operator A Access L1VC provides 1293 

adaptation of a 10GigE client protocol into a LO ODU2e container, which is then multiplexed with 1294 

other LO ODU2e’s into a HO ODU4 for handoff at an ENNI (illustrated by a black ellipse). A pair 1295 

of short reach (protected) OTU4 optical interfaces (not shown in the figure) is used for each ENNI 1296 

interconnect. The Operator B Transit L1VC supports the HO ODU4 between ENNIs 1 and 2.  1297 

Example ENNI Common Attribute values and Service Attribute values for the Operator A Access 1298 

L1 Services with Operator L1VC End Points at the left set of UNIs and ENNI 1 and the Operator 1299 

B Transit L1 Service are provided in the following tables.  1300 
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ENNI Common Attribute ENNI 1 

ENNI Peering Identifier Sydney-gateway-1 

ENNI List of Physical Layers Working 〈c, o〉: c = 〈4, {OTUk TTI, Disabled}, {OTUk 

GCC0, Disabled}, {OTUk OSMC, Disabled}, None〉 
o = 4I1-9D1F 
Protection 〈c, o〉: c = 〈4, {OTUk TTI, Disabled}, {OTUk 

GCC0, Disabled}, {OTUk OSMC, Disabled}, None〉 
o = 4I1-9D1F 

ENNI Protection 1+1 unidir SNC/I 

Table 24 – Example ENNI Common Attribute Values for ENNI 1  1301 

Note that ENNI 1 is a Type 2 handoff (see Section 7.3). 1302 

The value of the Optical Interface Function 〈4I1-9D1F〉 decodes as follows: 1303 

• 4: 4 wavelengths 1304 

• I: 10km reach 1305 

• 1: single span 1306 

• 9: NRZ 25G class 1307 

• D: no amplifiers necessary 1308 

• 1: 1310nm source over G.652 fibre 1309 

• F: G.709 FEC required.  1310 
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Operator ENNI Service 

Attribute 

Operator A - ENNI 1 

Operator ENNI Identifier Sydney-gateway-1-10GigE-Agg 

Operator Multiplexing 

Capability List 

{ODU0-ODU4: 80, ODU1-ODU4: 40, ODU2-ODU4: 10, 

ODU2e-ODU4: 10} 

Operator Path Overhead ODU2e for Access L1VC 1: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 2: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 3: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 4: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 5: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 6: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 7: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 8: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 9: {ODU TTI, Enabled}, {ODU GCC1, 

Disabled}, {ODU GCC2, Disabled}, {ODU APS, Disabled} 

ODU2e for Access L1VC 10: {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 1311 

In the Figure 30 example, the Operator A Transport BU is using the ODU2e-ODU4: 10 multi-1312 

plexing sequence at both ENNIs. 1313 

 1314 

Operator UNI Service Attribute UNI 1 

Operator UNI Identifier Metro-Node3-Slot2-Port1 

Operator UNI Physical Layer 〈Ethernet, 10GBASE-R PCS clause 49 coding func-

tion, LR PMD clause 52〉 

Table 26 – Example Operator UNI Service Attribute Values for Operator A Access L1 Ser-1315 

vice 1  1316 
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Operator L1VC Service Attribute Operator A Access L1VC 1 

Operator L1VC Identifier Access-L1VC-1-Metro-Sydney 

Operator L1VC End Point List 〈Metro-1, Sydney-1〉 
Operator L1VC SLS ts 2018-07-01, 08:00:00 UTC 

T one calendar month 

PM One-way Availability Performance Metric 

〈Metro-1, Sydney-1〉 
99.999% 

One-way Availability Performance Metric 

〈Sydney-1, Metro-1〉 
99.999% 

Table 27 – Example Operator L1VC Service Attribute Values for Operator A Access L1 1317 

Service 1 1318 

See Section 8.4.3 for the definition of the PM entry. 1319 

 1320 

Operator L1VC End Point  

Service Attribute 

Operator L1VC End Point at ENNI 1 

Operator L1VC End Point Identifier Sydney-1 

Operator L1VC End Point External 

Interface Type 

ENNI 

Operator L1VC End Point External 

Interface Identifier 

Sydney-gateway-1-10GigE-Agg 

Operator L1VC End Point Map 〈4,1.25{1,2,3,4,5,6,7,8}〉 

Table 28 – Example Service Attribute Values for the Operator L1VC End Point at ENNI 1 1321 

for the Operator A Access L1 Service 1 1322 

Table 29 lists example values for the Operator L1VC End Point Map Service Attribute at ENNI 1 1323 

for the remaining nine Operator A Access L1 Services. 1324 

 1325 

Operator L1VC End Point 

Identifier at ENNI 1 

Operator L1VC End Point Map at ENNI 1 

Sydney-2 〈4,1.25{9,10,11,12,13,14,15,16}〉 
Sydney-3 〈4,1.25{17,18,19,20,21,22,23,24}〉 
Sydney-4 〈4,1.25{25,26,27,28,29,30,31,32}〉 
Sydney-5 〈4,1.25{33,34,35,36,37,38,39,40}〉 
Sydney-6 〈4,1.25{41,42,43,44,45,46,47,48}〉 
Sydney-7 〈4,1.25{49,50,51,52,53,54,55,56}〉 
Sydney-8 〈4,1.25{57,58,59,60,61,62,63,64}〉 
Sydney-9 〈4,1.25{65,66,67,68,69,70,71,72}〉 
Sydney-10 〈4,1.25{73,74,75,76,77,78,79,80}〉 

Table 29 – Example Service Attribute Values for the Operator L1VC End Point Maps at 1326 

ENNI 1 for the Operator A Access L1 Services 2 through 10 1327 
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Operator L1VC End Point  

Service Attribute 

Operator L1VC End Point at UNI 1 

Operator L1VC End Point Identifier Metro-1 

Operator L1VC End Point External 

Interface Type 

UNI 

Operator L1VC End Point External 

Interface Identifier 

Metro-Node3-Slot2-Port1 

Operator L1VC End Point Map Not Applicable 

Table 30 – Example Service Attribute Values for the Operator L1VC End Point at UNI 1 1328 

for the Operator A Access L1 Service 1 1329 

 1330 

Operator ENNI Service  

Attribute 

Operator B - ENNI 1 Operator B - ENNI 2 

Operator ENNI Identifier Sydney-gateway-1-100G Melbourne-gateway-1-100G 

Operator Multiplexing Capability 

List 

{ODU1-ODU4: 40, 

ODU2-ODU4: 10, 

ODU2e-ODU4: 10} 

{ODU1-ODU4: 40,   

ODU2-ODU4: 10,    

ODU2e-ODU4: 10} 

Operator Path Overhead None None 

Table 31 – Example Operator ENNI Service Attribute Values for the Operator B Transit 1331 

L1 Service 1332 

Note that in the Figure 30 example, Operator B is not providing any multiplexing at the ENNIs. 1333 

This is identified by the values of the corresponding Operator L1VC End Point Map entries in 1334 

Table 33. 1335 

 1336 

Operator L1VC Service Attribute Operator B Transit L1VC 1 

Operator L1VC Identifier Transit-L1VC-1-Sydney-Melbourne 

Operator L1VC End Point List 〈Sydney-GW-1, Melbourne-GW-1〉 
Operator L1VC SLS ts 2018-07-01, 08:00:00 UTC 

T one calendar month 

PM One-way Availability Performance Metric 

〈Sydney-GW-1, Melbourne-GW-1〉 
99.999% 

One-way Availability Performance Metric 

〈Melbourne-GW-1, Sydney-GW-1〉 
99.999% 

Table 32 – Example Operator L1VC Service Attribute Values for the Operator B Transit 1337 

L1 Service 1338 

See Section 8.4.3 for the definition of the PM entry. 1339 
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Operator L1VC End Point  

Service Attribute 

Operator L1VC End 

Point at ENNI 1 

Operator L1VC End 

Point at ENNI 2 

Operator L1VC End Point Identifier Sydney-GW-1 Melbourne-GW-1 

Operator L1VC End Point External 

Interface Type 

ENNI ENNI 

Operator L1VC End Point External 

Interface Identifier 

Sydney-gateway-1-100G Melbourne-gateway-1-

100G 

Operator L1VC End Point Map 〈4, 𝑁𝑢𝑙𝑙〉 〈4, 𝑁𝑢𝑙𝑙〉 

Table 33 – Example Service Attribute Values for the Operator L1VC End Points for the 1340 

Operator B Transit L1 Service  1341 
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E.2 Enterprise Computing Interconnect 1342 

In the Figure 31 use case, Operator D is also the Service Provider and offers business services (i.e., 1343 

Subscriber L1 Services) to Enterprises, specifically the interconnection of individual campuses 1344 

with their remote computing resources. The following discussion provides a description of the use 1345 

case connectivity for Enterprise 1, working from right to left. In the north Operator D geographic 1346 

region, each Access L1VC provides adaptation of a 10GigE client protocol into a LO ODU2e 1347 

container, which is carried separately for handoff at geographically diverse ENNIs 4 and 5. A pair 1348 

of short reach (protected) OTU2e optical interfaces (not shown in the figure) is used for ENNI 4 1349 

and another pair for ENNI 5. In the south Operator D geographic region, eight Access L1VCs 1350 

provide similar connectivity, they are aggregated into a (partial fill) HO ODU4 for handoff at 1351 

ENNI 3 (illustrated by the black ellipse). A pair of short reach OTU4 optical interfaces is used for 1352 

the ENNI 3 interconnect. 1353 

 1354 

Figure 31 – Enterprise Computing Interconnect Example 1355 

Operator C provides aggregation of the two ODU2e Transit L1VCs (from ENNIs 4 and 5) with 1356 

the eight ODU2e Transit L1VCs25 carried in a partial fill HO ODU4 (from ENNI 3), into a full fill 1357 

(ten ODU2e’s) HO ODU4 for handoff at the undersea landing site at ENNI 2 (illustrated by the 1358 

black ellipse). A pair of short reach OTU4 optical interfaces is used for the ENNI 2 interconnect. 1359 

The Operator B Transit L1VC supports the HO ODU4 between ENNIs 1 and 2. A pair of short 1360 

reach OTU4 optical interfaces is used for the ENNI 1 landing site interconnect. Operator A de-1361 

multiplexes the HO ODU4 into ten Access L1VCs (illustrated by the black ellipse) and delivers 1362 

                                                 
25 There are eight Operator C L1VC End Point Maps at ENNI 3, one for each LO ODU2e (matching the eight Oper-

ator D L1VC End Point Maps). Note that the L1VC End Point Maps apply to the ENNI connectivity, not how the 

L1VCs are transported within an Operator’s network. 
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each one to its corresponding Enterprise, where each 10GigE client protocol is demapped from its 1363 

LO ODU2e container prior to the UNI handoff. 1364 

The Operator A Access L1VCs and aggregation thereof provide similar connectivity to those from 1365 

the Operator A Transport BU in the E.1 example. Therefore, the example Service Attribute values 1366 

in the associated tables could also apply to this use case (i.e., Table 24 through Table 30). Simi-1367 

larly, for the Operator B Transit L1VC in the E.1 example (i.e., Table 31 through Table 33) and 1368 

this use case. 1369 

Table 34 lists example values for the Operator D North Region Operator L1VC End Point Map 1370 

Service Attribute at ENNIs 4 and 5 for two Operator D Access L1 Services. 1371 

 1372 

Operator L1VC End 

Point Identifier 

ENNI Operator L1VC End Point Map 

Auckland-1 4 〈2𝑒, 𝑁𝑢𝑙𝑙〉 
Auckland-2 5 〈2𝑒, 𝑁𝑢𝑙𝑙〉 

Table 34 – Example Service Attribute Values for the Operator L1VC End Point Maps at 1373 

ENNIs 4 and 5 for the Operator D Access L1 Services 1 and 2 1374 

Table 35 lists example values for the Operator D South Region Operator L1VC End Point Map 1375 

Service Attribute at ENNI 3 for eight Operator D Access L1 Services. 1376 

 1377 

Operator L1VC End Point 

Identifier at ENNI 3 

Operator L1VC End Point Map at ENNI 3 

Wellington-3 〈4,1.25{17,18,19,20,21,22,23,24}〉 
Wellington-4 〈4,1.25{25,26,27,28,29,30,31,32}〉 
Wellington-5 〈4,1.25{33,34,35,36,37,38,39,40}〉 
Wellington-6 〈4,1.25{41,42,43,44,45,46,47,48}〉 
Wellington-7 〈4,1.25{49,50,51,52,53,54,55,56}〉 
Wellington-8 〈4,1.25{57,58,59,60,61,62,63,64}〉 
Wellington-9 〈4,1.25{65,66,67,68,69,70,71,72}〉 
Wellington-10 〈4,1.25{73,74,75,76,77,78,79,80}〉 

Table 35 – Example Service Attribute Values for the Operator L1VC End Point Maps at 1378 

ENNI 3 for the Operator D Access L1 Services 3 through 10 1379 

Table 36 lists example values for the Operator C L1VC End Point Map Service Attribute at EN-1380 

NIs 3, 4 and 5 for the Operator C Transit L1 Services. 1381 
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Operator L1VC End 

Point Identifier 

ENNI Operator L1VC End Point Map 

North-Island-1 4 〈2𝑒, 𝑁𝑢𝑙𝑙〉 
North-Island-2 5 〈2𝑒, 𝑁𝑢𝑙𝑙〉 
South-Island-3 3 〈4,1.25{17,18,19,20,21,22,23,24}〉 
South-Island-4 〈4,1.25{25,26,27,28,29,30,31,32}〉 
South-Island-5 〈4,1.25{33,34,35,36,37,38,39,40}〉 
South-Island-6 〈4,1.25{41,42,43,44,45,46,47,48}〉 
South-Island-7 〈4,1.25{49,50,51,52,53,54,55,56}〉 
South-Island-8 〈4,1.25{57,58,59,60,61,62,63,64}〉 
South-Island-9 〈4,1.25{65,66,67,68,69,70,71,72}〉 
South-Island-10 〈4,1.25{73,74,75,76,77,78,79,80}〉 

Table 36 – Example Service Attribute Values for the Operator L1VC End Point Maps at 1382 

ENNIs 3, 4 and 5 for the Operator C Transit L1 Services  1383 
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E.3 Cloud Computing Access 1384 

In the Figure 32 use case, the Operator B Cloud Computing BU provides typical cloud services 1385 

from its data center for ten Enterprise customers within the metro. The Operator B Cloud Compu-1386 

ting BU owns the servers and is also the Service Provider for the transport connectivity. Each 1387 

Enterprise is a Subscriber of a Subscriber L1 Service and a customer of the cloud service provided 1388 

by the Operator B Cloud Computing BU. From each Enterprise SN perspective, a Subscriber L1 1389 

Service provides 10GigE connectivity to a corresponding server in the Operator B Cloud Compu-1390 

ting BU data center. Each Subscriber L1 Service is composed of a Subscriber L1VC and its two 1391 

Subscriber L1VC End Points. 1392 

 1393 

Figure 32 – Cloud Computing Access Example: Subscriber L1VCs  1394 

Figure 33 illustrates the example of Figure 32 expanded to show that Operator B is composed of 1395 

two independent BUs, the Operator B Cloud Computing BU and the Operator B Transport BU. 1396 

The Operator B Transport BU, on behalf of the Operator B Cloud Computing BU, provides the 1397 

interconnections within the Operator B Cloud Computing BU data center and coordinates with 1398 

Operator A to establish the necessary connectivity across the metro to each of the ten Enterprise 1399 

SNs. The transport connectivity between each Enterprise SN and corresponding server is provided 1400 

by one Operator A Access L1VC and one Operator B Access L1VC. Each Operator Access L1VC 1401 

provides adaptation of a 10GigE client protocol into a LO ODU2e container, which is then aggre-1402 

gated with the other LO ODU2e’s into a HO ODU4 for handoff at the ENNI within the Operator 1403 

B Cloud Computing BU data center (illustrated by each black ellipse). A pair of short reach (pro-1404 

tected) OTU4 optical interfaces (not shown in the figure) is used for the ENNI interconnect. 1405 
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 1406 

Figure 33 – Cloud Computing Access Example: Operator L1VCs  1407 
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Appendix F Shared ENNI (Informative) 1408 

In the Figure 34 example of a Shared ENNI, Operator A provides Access L1VCs for Service Pro-1409 

vider X and Service Provider Y to ENNI 1 (the corresponding UNIs and Service Provider networks 1410 

are not shown for simplicity). The traffic from the Operator A Access L1VC End Points (labelled 1411 

1 and 2 in the figure) for Service Provider X, supported by LO ODU2s, is first multiplexed into a 1412 

HO ODU3 (not shown) which is further multiplexed with a similarly formed HO ODU3 (not 1413 

shown) for Service Provider Y into a SHO ODU4 (not shown) for the Type 3 handoff (see Figure 1414 

13) at ENNI 1 to Operator B.  1415 

Operator B demultiplexes the SHO ODU4 at ENNI 1 into the two HO ODU3s with corresponding 1416 

Operator B Transit L1VC End Points (labelled 5 and 6 in the figure) for each Service Provider (the 1417 

other ENNIs are not shown for simplicity). 1418 

The tables in Figure 34 provide the values of the Operator L1VC End Point Map Service Attribute 1419 

(Section 8.5.4) for each Operator L1VC End Point at ENNI 1. Service Provider X agrees with 1420 

Operator A on the values for the Operator A L1VC End Point Map for Operator L1VC End Points 1421 

1 and 2. Service Provider Y agrees with Operator A on the values for the Operator A L1VC End 1422 

Point Map for Operator L1VC End Points 3 and 4. Service Provider X agrees with Operator B on 1423 

the value of the Operator B L1VC End Point Map for Operator L1VC End Point 5. Service Pro-1424 

vider Y agrees with Operator B on the value of the Operator B L1VC End Point Map for Operator 1425 

L1VC End Point 6.   1426 
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 1427 

Figure 34 – Shared ENNI Example 1428 
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2 〈3,1.25{9,10,11,12,13,14,15,16}〉 
〈4,1.25{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31}〉 

3 〈3,1.25{1,2,3,4,5,6,7,8}〉, 
〈4,1.25{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}〉 

4 〈3,1.25{9,10,11,12,13,14,15,16}〉, 
〈4,1.25{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}〉 

 1 

Operator B L1VC 

End Point Identifier 

at ENNI 1 

Operator B L1VC End Point Map at ENNI 1 

5 〈4,1.25{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31}〉 
6 〈4,1.25{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}〉 
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