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Disclaimer
© MEF Forum 2019. All Rights Reserved.

The information in this publication is frigeavailable for reproduction and use by any recipient

and is believed to be accurate as of its publication. &ateh information is subject to change
without notice andMEF Forum (MEF) is not responsible for any ertddEF does not assume
responsibilityto update or correct any information in this publicatido representation or war-

ranty, expressed or implied, is made by MEF concerning the completeness, accuracy, or applica-
bility of any information contained herein and no liability of any kind shatdsimed by MEF

as a result of reliance upon such information.

The information contained herein is intended to be used without modification by the recipient or
user of this documenMEF is not responsible or liable for any modifications to this document
made by any other party.

The receipt or any use of this document or its contents does not in any way create, by implication
or otherwise:

a) any express or implied license or right to or under any patent, copyright, trademark or
trade secret rights held or ofeed by any MEF member which are or may be associated
with the ideas, techniques, concepts or expressions contained herein; nor

b) any warranty or representation that any MEF members will announce any product(s)
and/or service(s) related thereto, orsifch announcements are made, that such an-
nounced product(s) and/or service(s) embody any or all of the ideas, technologies, or
concepts contained herein; nor

c) any form of relationship between any MEF member and the recipient or user of this
document.

Implementation or use of specifMEF standardsspecificationspr recommendations will be vol-
untary, and ndMembershall be obliged to implement them by virtue of participatioMiaF
Forum MEF is a norprofit international organizatioto enable the developnt and worldwide
adoption of agile, assured and orchestrated network serM&ds does not, expressly or other-
wise, endorse or promote any specific products or services.
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2 Abstract

This specification describes the MEF Network Resource Management Information Model (NRM
IM), specifically forCarrierEtherneOperations, Administration and MaintenaiiGAM) related
management features.

Lifecycle Service Orchestration Reference Architeet{LSO RA, MEF 5%8]) extends the tradi-
tional MEF scope concerning Service Modeling,
cover a range of Operation&@rchestration, and Network Management behaviors, including SDN

and NFV paradigms.

In support to MEF 53], NRM IM (MEF 59[9]) and NRP IPS (MEF 6[10]) have been defined
to manage the Network Infrastructure, through SDN Contsm\®AN Controllers, OTN Subnet-
work Managers, and other legacy Network Management Systems.

This document adds to MEF 89 the management features related to Opmrstf Administration
and MaintenancéOAM). This model can be used as the basis for LSO RA PRESTO Interface
Profiles defining APIs for the OAM.

The NRM IM structure is based on current and developing best network management solutions by
ITU-T, ONF, TM Forum, to allow wider and future proof interoperability across redtidor and
multi-technology networks. Examples of reference network management solutions afe ITU
G.7711/Y.170412], ONF TR512[15], ONF TR527[16], TM Forum MTNM[20] and MTOSI

[21].

This document normatively includes the content of the following Pap®8sUML files as if
they were contained within this document (pull req#égt GitHub Repository11]):

 NRM_OAM.di
1 NRM_OAM.notation

T NRM_OAM.uml

MEF 83 © MEF Forum2019.Any reproduction of this document, or any portion thereof, shall contain the follo Page2
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This section defines the terms used in this docuniembany cases, th@ormative definitions to
terms are found in other documeritsthese cases, the third column is used to provide the refer-
ence that is controlling, in other MEF or external documents.

In addition, terms defined MEF 7.3[5], MEF 30.16], MEF 35.1[7], MEF 55[8], TMF GB922
[19] are included in thislocument by reference, and are not repeated in the table, heitess

when mentioned in local definitions, e.g. ICM

Term Definition Reference
ICM Infrastructure Control and Management: The set of | MEF 55(8]
functionality providing domain specific network and t
pology view resource management capabilities inclu
ing configuration, control and supervision of the net-
work infrastructure.
Internal Network - | A reference point representing the boundary betweel MEF 4[1]
to-Network two networks or network elements that are operated| MEF 55(8]
Interface (INNI) within the same administrative domain.
Not e: I n this specifikeha
ement so refers to those
between two ICM domains.
MEP Maintenance Entity Group (MEG) End Point ITU-T G.8021
[13]
NRM IM Network Resource Management Information Model | This document
Product Instance | Specific implementation of a Product Offering dedi- | TMF GB922
cated to the benefit of a party. [19]
Product Offering | An externally facing representation of a Service and{ TMF GB922
Resource procurable by the Customer. [19]
Product The detailed description of product characteristics ajf TMF GB922
Specification behavior used in the definition of Product Offerings. | [19]
Resource A physical or norphysical component (or some comly TMF GB922
nation of these) within]|[l9]
ture or inventory.
MEF 83 © MEF Forum2019.Any reproduction of this document, or any portion thereof, shall contain the follo Page3
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Term

Definition

Reference

Service

Represents the Customer experience of a Product Iy
stance that has been realized within the Service Pro

TMF GB922
[19]

viderds and / or Partne

Service Compo- | A segment or element of a Service that is managed | MEF 55(8]

nent dependently by the Service Provider.

TAPI or T -API Transport API Information Model ONF TR527
[16]
ONF TAPI IM
[17]

UML Unified Modeling Language OMG UML, In-
frastructrre,
Version 2.5

Table 17 Terminology and Abbreviations
MEF 83 © MEF Forum2019.Any reproduction of this document, or any portion thereof, shall contain the follo Page4
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4 Compliance Levels

The key words MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED ", "NOT RECOMMENDED ", "MAY ",
and 'OPTIONAL " in this document are to be interpreted as describB€Ci 14 RFC 21192,
RFC 8174[3]) when, and only when, they appear in all capitals, as shownAleiey words
must be in bold text.

Items that ardREQUIRED (contain the word8IUST or MUST NOT) are labeled afRx] for
required Items that areRECOMMENDED (contain the wods SHOULD or SHOULD NOT)
are labeled afDx] for desirableltems that ar@OPTIONAL (contain the word®AY or OP-
TIONAL ) are labeled af©x] for optional

MEF 83 © MEF Forum2019.Any reproduction of this document, or any portion thereof, shall contain the follo Page5
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5 Introduction

The scope of this specification is a protocol neutral definition of the information, i.e., the attributes
(or properties), of the network resource management objects modeli@grier EthernetOAM
features according to the requirements defined by MEFB8Dand MEF 35.17] Implementation
Agreements.

MEF 59[9] includes Carrier Ethernet connectivity resource management featienetsfied as the
set of management features supported by MEHR5] .8t service level. The model defined in this
specification adds OAM management featuceMEF 59.

Similarly to MEF 59[9], the MEF NRM OAM IM reuses and extends the definitions of the ONF
Transport API Information Model (TAPI IM16], [17]), which is derived from the ONF Core
Information Model [15]). For more information regarding the ONF Specification approach and
the usage of Papyr{it8] UML constructs, refer to MEF 59 related chapters.

The ONF Core IM is a common information model for network/transport technologies, evolution
of TMF and ITUT models. It is extensible to new features/fiocs.

The TAPI model is derived from the ONF Core IM to make this more oriented to an implementa-
tion of transport network management interface. It standardizes a single core teclagologyc
model that abstracts common transport network functions.

TheTAPI capabilities are extended through the specification apprdaehessential concept is to
associate an instance of a TAPI class with a set of extensions that account for the specific case
(specification clags Thesespecification classeme definitons of specific cases of usage of a class

to be extended.

The modeling of capability necessarily involves the modeling of constraints and rules, as a specific
capability is always restricted in some way with respect to the maximum possible capability. The
ONF Specification approach focusses on model of constrained capability.

Clearly a UML class model provides a definition of capability in terms of things that can be created
and values that can be set. However, the full ONF Core IM and TAPI go way begaagh#bility

of any real solution. It is therefore necessary for any particular solution to be able to state its spe-
cific capabilities. The term used by ONF for the modeling of capabilities is "Capability Specifica-
tion" or "Specification” or "Spec" for shio

See TR512.7 Specification Mod¢l5], fn2. 2 Rati onale for, and feat
approacho.

MEF 83 © MEF Forum2019.Any reproduction of this document, or any portion thereof, shall contain the follo Page6
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The MEF 599], (NRM IM Connectivity model) is designed around a sedp#cification classes
which extends, or augments, TAPI classes.FSgerel.

ONF TAPI IM

MEF NRM IM 1‘
MEF NRM Specification Classes R R -
(Speuﬁcatlon Classes  «Specify» |
CarrierEthPhysicallinksResource | | L e e e e e e e e I
CarrierEthConnectivityEndPointResource

CarrierEthUniNResource NRM defines several classes that

CarrierEthEnniNResource > ' are augmentation of TAPI classes

CarrierEthlnniNResource
CarrierEthConnectivityResource o~

»|b —_— L —" Other MEF NRM Classes }

\L CarrierEthinterfaceResource

o Other classes to complete the NRM
Other Classes / model besides ONF generic model,

either locally defined or imported
from other standard models.

Figure 17 MEF NRM extending ONF TAPI
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The MEF NRM IM classes are applicable to PRESTO Interface Reference Point (MBF,55
seeFigure2.

Partner Domain
Business SONATA Business
Applications IBU!BUSI W Applications

LEGATO LEGATO
{BUS:50F) (BUS:SOF)

Customer Domain SP Domain

TATA
5:BUS)

Customer

GRO

Service Orchestration
(cUs:SOF) t.'

Functionality

PRESTO wom mun mam mmm mmw mam San Sam B S S s PRESTO

MEF Network SOF:ICM) SOF:ICM)
Al

Infrastructure Control : Infrastructure Control
L and Management L and Management

ADAGIO (ICM:ECM) DAGIO (ICM:ECM)
‘ Element Control ‘1 Element Control
and Management L and Management

NetworkInfrastructure

Figure 27 MEF NRM positioning in LSO RA

This specification includes the Carrier Ethernet OAM resource management features
1 as defined by ITUr G.8052 [13]) through TAPIEthernet Mode[17]
o includinga selection ofEEE 802.1QCFM management itenj]
1 as necessary to fulfil MEF 30.1 and MEF 35.1 requirements
Some of the UML diagrams are very dense. To view them either zoom (sometimes to 400%) or

open the corresponding UML diagram via Papyi#j (for each figure with a UML diagram the
UML model diagram name is provided under the figurialic font).
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6 Content

The following sections of this document include:

The overview of NRM IM OAM classeS)
The list of all defined object classes and their attributes for:
o Carrier Ethernet OAM Service Poin(®.1)
o Carrig Ethernet OAM PM Job.2)
o Carrier EtherneDAM FM Jobsand Metricq8.3)
o]
o]

)l
)l

Carrier Ethernet OAMPM Metrics @.4)
Carrier Ethernet OAM Thresholdonfigurationand Notification 8.5)
1 The diagrams related to Interfaces and Operations
o Carrier Ethernet OAM Service Interfacgso)
o Carrier Ethernet OAM PM Job Interfacis?)
o Carrier Ethernet OAMFM Job Interface$8.9)
o Carrier Ethernet OAM Thresholdterface(8.9)
The definitions of data types aedumerations9.1), (9.2
The definition of importedypes(10)
Referencesi(1)
Appendix Alists the relevant network scenarios
Appendix Bshows the ONF TAPI OAM diagrams
Appendix Cprovides the detailed mapping with MEF 35.1 defined PM idetr
Appendix Dprovides the detailed mapping with MEB.B defined FM Metrics
Appendix Eshows main PM collection scenarios

= =4 =4 -8 _48_9_°5_-2°
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7 Network Resource Information Model Overview

Figure4 (with Figure 3 as key)shows an example of class instances and their augmentations.
There is a ConnectivityService instance, which is ended by two ConnectivityServiceEndPoints,
which are augmented by MEF esgfic attributes, as defined in CarrierEthConnectivityEnd-
PointResource class. Each ConnectivityServiceEndPambistoredoy anEthOamMepService-
Point, which represents the fAs &tharnetMEP. Thée e wo
EthOamMepServicePoih is augmented by MEF specific attributes, as definedCarri-
erEthOamSrvMepResourckass. Note that TAPI OAM technology independent classes, like Meg
and Mep, are augmented by TAPI Ethernet specific classes, resp. EthMegSpec and EthMepSpec.
EthMepCommonEthMepSource and EthernetMepSink classes provide dittiternetMEP pa-
rameters. EthOaMepServicePoint reuses these classes for provisioning purposes

OAM MEP
] MEF NRM Class

[——"""""] ONF TAPI Service Class
@@nn@@tﬁvﬂw "] ONF TAPI Ethernet Service Class

[C————"""1 ONFTAPI Resource Class

"1 ONFTAPI Ethernet Resource Class

Figure 37 Legend

«Specify» «Specify» : ;
CarrierEthOamSrvMepResource ——p———y-> EthOamMepServicePoint r——-——-b OamServicePoint OamSerwcePomtReIatesToMEF; Mep
/"
EVC MEP - C-VLAN MEP, Up «Specify» 2
o\&- EthMepCommon .
q? EthMepSpec
o ‘8
S EthMepSource | | EthMepSink
&* o
NS
P
O
K

CarrierEthConnectivityEndPoint Co,

p= === =P ConnectivityServiceEndPoint NnSery; «Specif
w 5 ICeHaSSE PS
«Specify» . ConnectivityService EthMegSpec f==% Meg
i ivi i : SSEPS
CarrierEthConnectivityEndPoint p====p{ ConnectivityServiceEndPoint Conngew\ce\'\a

w

4

O&
RO
Y, EthM
e Co lepCommon
RONE < EthMeps
& /'7(! s it
5 EthMepSource EthMepSink S
EVC MEP - C-VLAN MEP, Up «SpeCIfy» \\
Su
CarrierEthOamSrvMepResource == === | EthOamMepServicePoint [= == === QOamServicePoint - = > Mep
Specify» «Specify» OamServicePointRelatesTOMEP

Figure 41 Relationships with ONF TAPI OAM: the two MEPs monitoring an EVC
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1 TheCarrierEthOamSrvMepResource represents the MEF Ethreat MEP, which aug-
ments the TAPEthOamMepServicePoint

Figure5 shows how TAPI is augmented by MEF specific attributes, regarding OAM Job and Per-
formance Metrics. Note that TAPI OAM technology independent classes, like OamJob, Current-
Data and HistoryDataare augmented by TAPI Ethernet specific classes, resp. EthProAc-
tiveSingle/DualEndellleasurementJob and EthProactiveLmPerformanceData.
MEF specific attributes, as defined GarrierEthOamJobProActDualEndSyntLossResqu@taa-
rierEthOamJobProActSingleEndSiinssResourceand CarrierEthOamMetrics1EndSynthLoss-
Resourceaugment TAPI Ethernet specific classes.

OAM JOB wep

EthProActiveMeasurementJobControlSink OamServicePointRelatesToMEP
«Specify» % OamServicePoint
CarrierEthOamJobProActDualEndSyntLossResource = == = = m = = #| EthProActiveDualEndedMeasurementlob N {’S[O 7y
*\iﬂ‘/‘)j,) OamlJobOgeratesOn
«Specify» \\) OamServicgPoint
CarrierEthOamJobProActSingle EndSyntLoSSReSOUrce e == m mm mm = EthProActiveSingleEndedMeasurementiob ~-__\\‘
< e OamJob
\ 1 Specifys
EthProActiveMeasurementJobControlSource
Single-Ended Synthetic Loss| |Results OamJobCollectsData
g > y
) ) «Specify» ) «Specify»
CarrierEthOamMetrics1EndSynthLossResource = m m= mm mm mm = =p|  EthProActiveLmPerformanceData g L) =»  CurrentData
~
(Forward & Backward Metrics) Near Endl,& Far End ,7,}\\
2 ] 'O@o\,\ CurrentDataHgsHistoryData
j 75N
StatisticalLmPerformanceParameters NG N
| “/ \
L. ] MEF NRM Class “ [ ermareroaza) swrmi 1 HistoryData
f EVC, (CTagPCP 4,5 [ eweFiow2 Envelope P[M]
[ ] oNFTAPI Service Class ; CTagPCP 67 | eweriows |
UNL
:l ONF TAPI Resource Class [
| = One OAM Job per each
[ ] ONFTAPI Ethernet Resource Class ||| CoS of same EVC

\ \

Figure 57 Relationships with ONF TAPI OAM: OAM Job and PM

1 TheCarrierEthOamJobProActDualEndSyntLossResource, CarrierEthOamJob-
ProActSingleEndSyntLossResourcerepresent attributes of the MEF Ethernet Synthetic
LossPM Job, which augments the TAPI Etherféd Job.

Following sections specify all defined NRM OAM classesl the TAPI classeand operations
being augmented.

Note that thé'specify" associations may appear twice between same classes, this is necessary to
drive the automatic translation to YAN(@.g. because both Current and History Data are aug-
mented) Future version of the tratation tools willmake these duplications unnecessary
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8 Network Resource Information Model Classes

8.1

Carrier Ethernet OAM Service Points

Figure6 illustrates the NRM OAM IMspecification classegpresenting OAM Service and OAM
ServiceMEP and MIPPoints, with their attributes and associations with other object classes.

Note that MEP dlection is modeled througtodirectionalattribute ofEthMepCommon TAPI
classACodirectionabis equivalent tédiddowno direction,ficontradirectional to fiupo direction See

alsoFigure40.

] CarrierEthOamSnResource = EthOamService

<Specifys

MEF NRM OAM definitions ﬁ ‘ ONF TAPL OAM definitions

EthOamServiceHasEthMegCommon

ﬁ ‘ONFTAP[ Ethernet definitions B‘

H OamSenvice

E EthMegCommon

1 1

1 «StrictComposites i

megLevel: Integer [1]
clienthel: Integer [1]
megldentifier: String [0..1]
isCcEnabled: Boolean [1] = false
ccPeriod: QamPeried [1] = 15

© layerProtocolName: LayerProtocolName [1]
53 uuid: Uuid [1]
55 name: NameAndValue [*]

OamServiceManagesheg

1

“LifecycleAggregates

CSEPTerminatesOnSIP

1| ] sewvicelnterfacePoint

EthOamServiceHasEthCfmMaintenanceDomfain EthOamserviceHasEthtfmMaintenanceAssociation = 1 MEGHaMIPs
«StrictComposites - £ Ethet ssociation = layerProtocolName: LayerProtocolName [1] «StrictCompositen
01l m 250¢ ssac] [ 5% uuid: Uuid [1]
= S — - Types [1] g name: NameAndValue [*] 1 MEGHasMEPs
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= Ethc Domain OamServiceHasOamServicePoint
=l D Type: D Type [1] «StrictComposites
(= maintenanceDomainName: String [1]
Specifys EthO o Point =
- “Specifys icePoind Oamervi ToMEP
] CarrierEthOamSriMepResource = ] EthOamMepServicePaine |~~~ """ """ """ oTomooomooooooooooooooooooooooo3 Bl oamSenvicePoint
=] ] ] 0.1
EthO =1 layerPratocolName: LayerProtocolName [1
S enablefisTnsertion: Boolean [1] <Specifys ! H EthMepC o iy Boean (1] s
= primanyVianld: Vianld [1] i «StrictCamposites 1 [E8 ccPriority: Integer (11 =7 S locald: String 121 01 -
& primanlanType: VianTag [1] I3 IckPeriod: OamPeriod [1] = 15 5 name: NameAndvalue [7] S Mep
T 1 (e (et e (] = © layerProtocolMame: LayerProtocolName [1]
5 mepldentifier:Integer [1] /I'\ N . 0.1 | @ localld: String [1]
EthOamMepServicePointHasEthMepSink EthO: =P UL e H [Eg name: NameAndValue [*]
«StrictComposites W g1 !
«StrictComposites I
=] r
'
(53 aisPriority: Integer 1] = 7 0.1 H
(53 aisPeriod: OamPeriod [1] = 15 E EthMepSource ' ) 0amServicePointRelatesToMIP N
g isCsfReported: Boolean [1] = true ¢ apsPriority: Integer [1] = 7 1+ OamServicePointionitors CSEP =]
5 isCsfRdiFdiEnabled: Boolean [1] = true £ csfPriority: Integer [1] = 7 - Mip
(53 bandwidthReport: BandwidthReport [1] 55 csfPeriod: QamPeriod [1] = 15 ' - 01| = layerProtacolName: LayerProtocolName [1]
(4 ImDegm: Integer [1] = 10 g csfConfig: CsfConfig (1] = ENABLED_WITH_RDIFDI_DCI 1 |_E ConnectivitySenviceEndPaint =1 localld: String (1]
5 ImDegThr: Integer [1] = 30 ! (5§ name: NameAndValue [1]
55 Imiv Integer [1] = 10 I
g ImTfMin: Integer [1] B
(=] peerMepldentifier: Integer [*] ! « Servic Ponthonitors
51 unexpectedLtrReceived: Integer [1] ' 4 yOamSeniceRainthonitor:
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I
)

E carrierEthOamSn/MipResource

5] EthOamMipServicePoint
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Figure 67 NRM_OAM_SERVICEDiagram
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8.1.1 CarrierEthOamSrvResource
Applied stereotypes:
1 OpenModelClass
0 sSupportMANDATORY

No attributes defined.

8.1.2 CarrierEthOamSrvMepResource
Applied stereotypes:
1 OpenModelClass
0 supportMANDATORY

Attribute Name Type Mult. Access | Stereotypes Description
clientPrimaryVlanl- PrimaryVlanl- 0.* RW OpenModelAttribute Client MEG Level and the primary VID
dAndMEL dAndMel 1 isInvariant: false for each client MEG for AIS insertion fea|
1 valueRangeno range con- ture. MEF 30.1: If the client MEG does
straint not have a MEP on the same interface a
1 support: MANDATORY the injecting MEP, i.e., it has a MIP or hg
no MP at d| then injecting an AIS in-
volves transmitting an AIS PDU at the cl
ent MEG Level, with the appropriate
VLAN tags for the client MEG, in the op-
posite direction to that in which the MEP
normally sends CFM frames (that is, an
Up MEP would send AIS PDUs ouwi-t
wards the wire, and a Down MEP would
send AIS PDUs in towards the bridging
function). Note that in this case, the injeq
ing MEP requires knowledge (e.g., by cq
figuration) of the MEG Level and (where
the client MEGs have additional VLAN
tags) the primary/ID for each client
MEG.
enableAisInsertion Boolean 1 RW OpenModelAttribute Enable/disable AIS PDU transmission.
1 isInvariant: false
1 valueRange: no range con-
straint
1 support: MANDATORY
primaryVlanid Vlanld 1 RW OpenModelAttribute An integer indicating the Primary VID of
1 isInvariant: false the MEP.
1 valueRange: no range con- Note that a value of 0 indicates that no
straint VID is associated with MEP, e.g. in case|
1 support: MANDATORY of UNI/ENNI/INNI MEG (ServicePro-
vider/Network Operator/Domain Manage
monitoring of a UNI/ENNI/INNI),
i.e. monitoring reachability regardless ta
and including possible LAG scheme
(which is different from LAG Link MEG,
which is used to monitor an individual
LAG link).
primaryVianType VlanTag 1 RwW OpenModelAttribute Tag type
1 isInvariant: false
1 valueRange: no range con-
straint
1 support:. MANDATORY
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8.1.3 CarrierEthOamSrvMipResource
Applied stereotypes:
1 OpenModelClass
0 sSupportMANDATORY

No attributes defined.
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Figure7 illustrates the NRM OAM IMspecification classesepresenting OAM PM Jobs, with
their attributes and associations with other object efass

Note thatfor dual endedobs, where the MEPs are in different ICM domains, if only the

sourcécontrollerMEP is in the managediomain, none of the attributes in the NRM classes are
needed.

Figure 77 NRM_OAM_PM_JOBSDiagram
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