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Disclaimer

The information in this publication is freely available for reproduction and use by any recipient
and is believed to be accurate as of its publication date. Such information is subjetde
without notice and the Metro Ethernet Forum (MEF) is not responsible for any errors. The MEF
does not assume responsibility to update or correct any information in this publication. No repre-
sentation or warranty, expressed or implied, is madegn&@MEF concerning the completeness,
accuracy, or applicability of any information contained herein and no liability of any kind shall be
assumed by the MEF as a result of reliance upon such information.

The information contained herein is intended to eduwithout modification by the recipient or
user of this document. The MEF 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 créajsidayion
or otherwise:

(a) any express or implied license or right to or under any patent, copyright, trademark or
trade secret rights held or claimed by any MEF member company which are or may be
associated with the ideas, techniques, conce@spressions contained herein; nor

(b) any warranty or representation that any MEF member companies will announce any
product(s) and/or service(s) related thereto, or if such announcements are made, that
such announced product(s) and/or service(s) embody aayafrthe ideas, technolo-
gies, or concepts contained herein; nor

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

Implementation or use of specific Metro Ethernet standards or recommendations angediEF s
fications will be voluntary, and no company shall be obliged to implement them by virtue of par-
ticipation in the Metro Ethernet Forunthe MEF is a notprofit international organization accel-
erating industry cooperation on Metro Ethernet technolddy MEF does not, expressly or oth-
erwise, endorse or promote any specific products or services.

© The Metro Ethernet Foru@012-2015. All Rights Reserved
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2. Abstract

This documentspecifies an Implementation Agreement (IA) for Service Operations, Astnaini
tion, and Maintenance (SOAM) that satisfies and extends the Performance Monitoring (PM)
framework and requirementescribed irMEF 17 [15].

Existing PM Functions are defined by ITU G.8013).1731[1], and ITU-T G.8021[3] as
amended4] [5]. Thisdocumendetails how taisethese functions in order to achieve the require-
ments of MEFSOAM PM.
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3. Terminology

Term Definition Reference

1DM Oneway Delay Measurement Message ITU-T G.8013/
Y.1731[1]

1SL Oneway SyntheticLossMeasuremenMessage. | ITU-T G.8013/
Y.1731[1]

Available Time

The set of small time intervade tcontained inl
that do not intersect a Maintenance Interval and
are evaluated as Available.

MEF 10.3[12]

Availability A measure of the percentage of time that a sery MEF 103 [12]
is useable.
Availability flr The Availability flr (in contrast with FLR) is the | MEF 103 [12]

ratio of lost frameso sent framesver a small in-
terval of timeaet(e.g. 1 sec).

Availability Window

A period of n consecutive intervals aff used to
determine whether the Availlstate has been e
tered or exited.

This Document

Backward

The direction of performance measurements frg
the Responder MEP towards the Controller ME
whenOne-way measurements are taken using g
SingleEnded PM Function. Note: this term is 1
applicable when DugEnded PMFunctions are
used.

This Document

CEN

Carrier Ethernet Network

MEF 122[13]

CHLI

Consecutive High Loss Interval

MEF 103 [12]

Controller MEP

The MEPthatinitiates SOAM PDW. Term is ap-
plicable to both DuaEnded and Singi&nded PM
Functions In a SingleEnded PM Function, the

Controller MEP alsaeceives responses from the
Responder MEP.

This Document

CoS Class of Service MEF 23.1[17]
CoS ID Class of Service Identifier MEF 23.1[17]
CoS ID for SOAM Class of Service Identifier for SOAM PMrames | This Document
PM Frames One of he mechaniss)and/orthevalues of the

parameters in the mechanisnavailable for use b
SOAM PM Framesigch that their performance ig
representative of the performance of @aalified
Service Frames being monitored.

CoS Frame Set

Class of Service Frame Set
A set of Service or ENNI Frames that have a cg
mitment from the Operator or ServiBeovider
subject to a particular set of performance objec
tives.

MEF 23.1[17]

CoS FS

Class of Service Frame Set

MEF 23.1[17]
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Term Definition Reference

CoS Name Class of Service Name MEF 23.1[17]
A designation given to one or more sets of perf
mance objectives and associated parameters b
Service Provider or Operator.

CoV Coefficient of Variation This Document

DEI Discard Eligible Indicator IEEE 802.1)-

2014 [22]

DMM Delay Measurement Message ITU-T G.8013/

Y.1731[1]
DMR Delay MeasuremeriReply ITU-T G.8013/
Y.1731[1]

Dual-Ended A process wheitgy a ControllerMEP sends meas| This Document
urement information to a pe8ink MEP that will
perform thecalculations. DuatEnded processes
can only be used to makine-way measurements

El External Interfacé& Either a UNI or an ENNI MEF 122 [13]

EMS Element Management System MEF 15[14]

ENNI External Networkio-Network Inteface MEF 4[9]

ETH-DM Ethernet Frame Delay Measurement Function | ITU-T G.8013/
(term is only used to reference the Fefini- Y.1731[1]
tion)

ETH-LM Ethernet Frame Loss Measurement Function | ITU-T G.8013/
(term is only used to reference the Fefini- Y.1731[1]
tion)

ETH-SLM Ethernet Synthetic Loss Measurement Functior| ITU-T G.8013/
(term is only used to reference the Fefini- Y.1731[1]
tion)

EVC Ethernet Virtual Connection MEF 103[12]
An association of two or more UNIs that limits tf
exchange of Service Frames to UNIs in the Eth
net Virtual Connection.

FD Frame Delay MEF 103 [12]

FDR Frame Delay Range MEF 103[12]

FLR Frame Loss Ratio MEF 103[12]

Forward The direction of performance measuremdrasn | This Document

the Controller MEP twvardsthe Respondesr Sink
MEP, whenOne-way measurements are taken u
ing aSingleEnded or DuaEnded PM Function.

Group Availability

A measure of the percentage of time that at lea
subsets of ordered UNI pairs within an EVC are
Available

MEF 10.3[12]

HLI

High Loss Interval

MEF 103[12]

IFDV

Inter-Frame Delay Variation

MEF 103[12]

MEF 35.1 © The Metro Ethernet Forum 20122015 Any reproduction of this document, or any portion thereof,
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Term Definition Reference

LM Loss Measurement This Document

LMM Loss Measurement Message ITU-T G.8013/
Y.1731[1]

LMR Loss Measurement Reply ITU-T G.8013/
Y.1731[1]

MA Maintenance Association IEEE 802.1)-

This term is equivalent to a Maintenance Entity| 2014 [22]

Group, or MEG, as defined by I'FU
G.8013¥.1731[1], which is the term used in thig
IA.

Maintenance Interval

A time intervalagreed to by the Service Provide
and Subscriber during which the service may n
perform well or at all.

MEF 103 [12]

MD

Maintenance Domain.

The network or the part of the network for which
faults in connectivity can be managed.

This term is equivalent to an OAM Domain, as (
fined by MEF 17]15] and used in MEF 3Q[19]
(which is the term usedh ithis 1A).

|EEE 802.10-
2014 [22]

MD Level

Maintenance Domain Level.

An integer in a field in a SOAM PDU with a valu
in the range (0..7) that is used, along with the V|
in the VLAN tag, to identify to which Mainte-
nance Domain among those associated with th¢
SOAM Frame'sVID, and thus to which MEG, a
SOAM PDU belongs The MD Level determines
the MPs a) that are interested in the contents o
SOAM PDU, and b) through which the frame c4g
rying that SOAM PDU is allowed to pass.

This term is equivalent to MEG Level (defined i
ITU-T G.8013¥.1731[1]), which is the term use
in this I1A.

|EEE 802.10-
2014 [22]

ME

Maintenance Entity. A poirtb-point relationship
between two MEPs.
This term isused by both IEEE and IT-0.

|EEE 802.10-
2014 [22]
ITU-T G.8013/
Y.1731[1]

Measurement Bin

A counter that stores the numberr@, IFDV or
FDR measurements falling within a specified
range, during a Measurement Interval.

This Document

Measurement Inter-
val

A period of time during which measurements arf
taken. Measurements initiated during one Mea
urement Interval are kept separittean measure-

ments taken during other Measurement Interva

It is important to note that this is different froim

This Document
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Term

Definition

Reference

Measurement Inter-
val Data Set

The collection of completed measurements that
were initiated during givenMeasurement Inter-
val.

This Document

MEG

Maintenance Entity Group

A set of MEPSs, each configured with the same
MEG ID and MEG Level, established to verify t
integrity of a single service instance. A MEG ca
also be thought of as a full mesh of Maintenanc
Entities among get of MEPs so configured.
This term is equivalent to a Maintenance AssogG
tion, or MA, as defined biEEE 802.1Q-2014
[22]. MEG is the term useth this IA.

ITU-T G.8013/
Y.1731[1]

MEG Level

Maintenance Entity Group Level
A small integer in a field in a SOAM PDU that ig
used, along with th¥ID in the VLAN tag, to
identify to which MEG among those associated
with the SOAMFrame'sVID, and thus to which
ME, a SOAM PDU belongsThe MEG Level de-
termines the MPs a) that are interested in the ¢
tents of a SOAM PDU, and b) through which thg
frame carrying that SOAM PDU is allowed to
pass.

Note that | EEE uses t
MEG Level is the term used in this IA.

ITU-T G.8013/
Y.1731[1]

MEP

MaintenanceAssociation End Point (IEEE
802.1Q-2014 [22]), or equivalently MEGENd
Point (ITU-T G.8013¥.1731[1] or MEF 17[15]).
An actively managed SOAM entity associated
with a specific service instance that can genera
and receive SOAM PDUs and track any respon
It is an end point of a single MEG, and is an eng
point of a separate Maintenance Entity for eaich
the other MEPs in the same MEG.

|EEE 802.10-
2014 [22]
ITU-T G.8013/
Y.1731[1]
MEF 17[15]

MFD

Mean Frame Delay

MEF 103 [12]

MIP

Maintenancddomain Intermediate Point (IEEE
802.1Q-2014 [22]) or equivalently a MEG Inter-
mediate PointlTU-T G.8013¥.1731[1] or MEF
17[15]).

An intermediate point in a MEG that is capable
reacting to some SOAM PDUSs, but does not ini
ate SOAM PDUSs.

|EEE 802.10-
2014 [22]
ITU-T G.8013/
Y.1731[1]
MEF 17[15]

NE

Network Element

MEF 15[14]

NMS

Network Management System

MEF 15[14]

OAM

Operations, Administration, and Maintenance

MEF 17[15]
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Term Definition Reference
OAM Domain See MD (Maintenance Domain) MEF 301[19]
On-Demand OAM actions thagre initiated via manual inter- | RFC 5951[9]
vention for a limited time to carry out diagnostic
On-Demand OAM can result in singular or peri-
odic OAM actions during the diagnostic time in-
terval.
One-way A measurement performed in tRerward or This Document
Backward directionfor example from MEP A to
MEP B or from MEP B to MEP AOneway
measurements can be performed using either S
gle-Ended or DuaEnded PM Functions.
ovC Operator Virtual Connection MEF 261 [18]
PCP Priority Code Point IEEE 802.1)-
2014 [22]
PDU Protocol Data Unit This Document
PM Performance Monitoring ITU-T M.3400[7]
The collection of data concerning the performar
of the network.
PM Function A MEP capability specified for performance mol This Document
toring purposes (e.g., Singlended Delay, Single
Ended Synthetic Loss)
PM Session The application of a given PM Function betwee| This Document
given pair of MEP®nN a given SOAM PM CoS I
over some (possibly indefinite) period of time.
PM Solution A set of related requirements that when imple- | This Document
mented allow a given set of performance nnst
to be measured using a given set of Rvictions.
Proactive OAM actions that are carried on continuously tq RFC 5951[9]

permit timely reporting of fault and/or perfor-
mance status.

Qualified Service
Frames

The set of frames that comply with specific crite
ria, such as the arrival time at the Ingress UNI g
Bandwidth Profile compliance, on which a perfg
mance attributés based.

MEF 10.3[12]

Responder MEP

In aSingle-EndedPM Session, the MERhatre-
ceives SOAM PM PDUs from the Controller
MEP, and transmits resporsde the Cotroller

MEP.

This Document

S

A non-empty subset of ordered UNI pairs within
MEG

MEF 103[12]

Service Frame

An Ethernet frame transmitted across the UNI t
ward the Service Provider or an Ethernet frame
transmitted across the UNI toward the Subscrib

MEF 103[12]
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Term

Definition

Reference

Single-Ended

A process whettgy a ControllerMEP sends a

measurement request amgeerRespondeMEP
replies with the requested informationteatthe
originating MEP can calculate the measuremen
SingleEnded processes can be used to make ¢
way and Tweway measurements.

This Document

Sink MEP

In aDualEndedPM Session, the MERhatre-
ceives S@M PM PDUs from the Controller MER
and performs the performance calculations.

This Document

SLM Synthetic Loss Message ITU-T G.8013/
Y.1731[1]
SLR Synthetic Loss Reply ITU-T G.8013/
Y.1731[1]
SLS Service Level Specification MEF 103[12]
SOAM Service Operations, Administration, and Mainte| MEF 17[15]

nance

SOAM PM CoS 1D

See CoS ID for SOAM PNframes

This Document

SOAM PM Frame

An Ethernet frame containing a SOAM PM PDU
in the Data field.

This Document

SOAM PM Imple-

Capabilities of an NE that are required to suppdg

This Document

mentation SOAM Performance Monitoring.
SOAM PDU Service OAM Protocol Data Unit. This Document
Specifically, those PDUs defined in IEBB2.1Q-
2014 [22], ITU-T G.8013¥.1731[1], or MEF
specifications.
In ITU-T documents the equivaletgrm OAM
PDU is used.
SOAM PM PDU Service OAM Protocol Data Unit specifically for| This Document

Performance Measurement.
Examples are LMM/LMR, DMM/DMR/1DM,
SLM/SLR/1SL

Suspect Flag

A flag included in each Measurement Interval
Data Seindicating whether a discontinuity (as d
scribed in sectiod0.2.94 occurred in the measurg
ments taken during the Measurement Interval.

ITU-T X.738[25]

Synthetic Frame

An Ethernet frame created to emulate service tf
fic, carry additional information necessary to su
port calculatingperformance metrics (e.delay or
losg and that is treated the same way &uali-
fied Service Frame.

This Document
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Term

Definition

Reference

Time Interval for SLS Metrics. The time over
which aperformancemetric is defined. It is im-
portant to note that this is different from Measur
ment Interval. T is at least as large as the MeasH
urement Interval, and generally consists of mult
ple Measurement tarvals.

Also note thafl can have different values for dif-
ferent performance metrics.

MEF 103 [12]

TCA

Threshold Crossing Alert

GR-253[24]

ToD

Time-of-day

This Document

Two-way

A measurement of the performance of frames t
flow from the Controller MEP to Responder ME
and back againTwo-way measurements can on
be performed using Singlended PM Functions.

This Document

UBC(K)

Upper Bin Count (k)

This Document

Upper Bin Count (k)

The total count of Measurement Bin k and abo\
i.e., Count of Bin(k) + Count of Bin(k+1) +...+
Count of Bin(n)

This Document

UuTC

Coordinated Universal Time

1ISO 8601[23]

Unavailable Time

The set of small time intervads tcontained inr
that do not intersect a Maintenance Interval and
are evaluated ddnavailable.

MEF 10.3[12]

UNI Userto-Network Interface MEF 103[12]

VID Virtual Local Area Network Identifier IEEE 802.1D-
2014 [22]

VLAN Virtual Local Area Network IEEE 802.1)-
2014 [22]

Table 11 Terminology and Definitions
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4. Scope

The scope of thidocument is to definanimplementation Agreement (I1Apr MEF Service Op-
erations, Administration, aniflaintenance $OAM) Performance MonitoringPM). These re-
guirements are primarily driven by, but not limited to, MEF[1%]. The goal of this IA id0
define specific performance measurement procedurespaaify solutions for collectingerfor-
mance measurements, for informational purposés oompute the pesfmancemetricsdefined
by MEF 103 [12] and MEF 26.118] (andin secton 8 and section 9 of.1563[2] as well), that
may be included isavice Level SpecificationsSLS9 over a typicabLSinterval The solutions
usethe PMFunctions defined by ITU G.8013K.1731[1], andITU-T G.8021[3] as anended
[4] [5]. When and if necessary, tlidecumenimay include enhamanents to the protocols and/or
procedures of existing PFunctions in order to satisfy MEF SOAM Pidquirements.

4.1 Change History

The following changes were made betw&&EF 35 and this revision. Note: references to section
or requirement numbers are ttembers used in this revision unless otherwise specified.

1 Amendment 1, MEF 35.0.1, was incorporated. This added a new PM Solutief, i8M
DuatEnded Synthetic Frame Loss using 1SL PDUs. The changes include new sections
9.4, 14and23. The text incorporated in secti@3was updated to apply generally to Dual
Ended PM Functions.

1 Amendment 2, MEF 35.0.2, was incorporated. This added THdeShassing Alerts. The
changes include new secti@f.5 Text incorporated from the Amendment was clarified
by distinguishing between a threshold and a TCA Eanc

1 References to the following documents were updatetiding the text in sectionwhere
appropriateMEF 7.2,MEF 10.3 MEF 12.2, MEF 23.1, MEF 26.1, MER3, MEF47,
ITU-T G.8013/Y.1731|TU-T G.8021|TU-T X.738 IEEE 802, IEEE 802.1QIn the case
of MEF 10.3, text was also addddoughout the documenglating to the Group Availa-
bility performance metricefined in the new revisionThe referenceto MEF 6.1 MEF
36,and ITUT G.8010wereremoved.

1 The following definitions were added or clarifiedsection3: 1SL, Available Time, Back-
ward,CEN, Controller MEP, CoS ID for SOAM PM Frames, Dual Ended, Forw@mbup
Availability, MA, ME, MEG, MIP, Oneway, Qualified Service Frames, Singtaded,
SOAM PM FrameSuspect FlagTwo-way, Unavailable Time.

1 Changes were made in the scope and elsewhatka new sectn, 6.3, was addedto
clarify that performance measurements may be made for informational purposes, and not
just for evaluating an SLS.

1 Conditional Requirement®fmat was used where appropriate, and the explanatory boiler-
plate was added in sectién
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M

References to EVChroughout the documemtere updated to ensure theycatsovered
OVCs orwereotherwise made more generic.

In section8.2, the effect of bandwidth profiles on Frame Loss measurements using Service
Frames in various M&s was described in more detail.

A new section8.3, was added describing the difference between packeitbased and
time-based sampling.

Section8.4, describing CoS considerations, was completely rewritten, and corresponding
updates were made elsewhere in the document.

A paragraph was added in sectith1.1describing how performance measurements can
be made wheelasticEthernet services are used.

In addition to those added from incorporating the amendméet&liowing requirements

were added or modifiedR1], [D1], [R9], [R10], [R11], [R12], [R13], [R16], [R17], [D3],

[D5], [D6], [D8], [R22], [R26], [D12], [R43], [R44], [D20], [R45], [R66], [D28], [R78],

[R79], [D31], [R82], [D33], [R87], [CR25], [CR26], [CR35], [CR38]. In the sections in-
corporated from the amendments, the following requirements were added or modified:
[CR1], [CR2], [CR5], [CR7], [CR8], [CR9], [CR49], [CD13], [CR58], [CR59], [CD16],
[CR62], [CD18], [CR67]

The following requirements were removed (numbers refer to MEF 35RR2,D21, R57,
R69, D28, R72, D38, R91, RIB45, R106 In the sections incorporated from MEF 35.0.1,
the following requirements were removed:-B1, A1-D2, A1-R5.

Informative £xt was added in s8on10.2.2 11.1and22.2to clarify the treatment of neg-
ative delay measurement3ext and figures in sectiob0.2.5were updated to clarify the
handling of measurements during periods of Unavailable Time.

Additional text was added in sectioh%.2and 14.1, and a new Appendix was added in
section25, to provide guidance on selecting parameters for Availability measurements.

In each of the output data sets, it was clarified whether the counters are applicable at the
Controller MEP, Responder MEP or Sink MEIn addition, measurements of minimum
IFDV were removedrom the required data sets

Informative text was added in secti.1to explain the differences betweMEF 10.3,
G.8013/Y.1731 and IEEE 802.1Q with respect to LMMs and FLR.

A new Appendix was added in sectida describing the calculation of SLS performance
metrics.

Numerous editorial and typographical correctiorese made.
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5. Compliance Levels

The key words MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED ", "MAY ", and 'OPTIONAL " in this doc-
ument are to be interpreted as described in RFC P3]1AIll key wordsarein upper case, bold
text.

Items that ar&REQUIRED (contain the word MUST or MUST NOT) are labeled afRx] for
required Items that areRECOMMENDED (contain the wordSHOULD or SHOULD NOT)
are labeled afDx] for desirable Items that ar®©PTIONAL (contain the word81AY or OP-
TIONAL ) are labeled ax] for optional.

A paragraph preceded pgRa]< specifies a conditional mandatory requirement MBIST be
followed if the conditionfFe}j €rCRII<IDBGIOg fitnhdei -f <
cates that Conditional Mandatory Requirement 1 must be followed ifdbésiRequirement 38

has been metA paragraph preceded pgDb]< specifies a Conditional Desirable Requirement
thatSHOULD be f ol l owed i f the conditi o@dpaagraphol | ow
preceded byCOc]< specifies a Conditional Optional Reérement thaMAY be followed if the
condition(s) following the A<0 have been met.
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6. Introduction

Among other things, SOAM provides the protocols, mechanisms, and procedures for monitoring
the performance of an Ethernet Virtual Connection (EVCamrOperatoVirtual Connection
(OVC) across a defined Maintenance Domain (MD). The term used in MEESL{and in this
documentYor an MD is OAM Domain.

While PM measurements can be used for troubleshooting, this document does not attempt to pro-
vide a comprehensive treatment of troubleshooting.

6.1 OAM Domains

SOAM allows a network to be partitioned into a set of hierarckd¢dyl Domains(see MEF 3L
[19] section 7) where a OAM Domainis a contiguous (sub)etwork, and may be further parti-
tioned into additional (subjomains.

The OAM Domains relevant to thisdument, and to which the requirements in sectidh$4
apply are:

EVC1 the span of provided service t&abscriber from UNI to UNI
Service Provider the span of the service viewed by the Service Provider

Operatoli the span of a portion of the service monitored by a Network Operator

= = =2 =

ENNI T the span of a portion of a sare monitored between Network Operators at the
ENNI

However, the following OAM Domains are not precluded (they are allowed but are out of scope
for this 1A):

1 Subscriberi the span of the provided service from subscriber equipment to subscriber
equipment

1 UNI T the span of a portion of the service monitored between theGQJaiid UNIN

The following domain is not supported for performance monitoring (and is out of scope for this
IA):

9 Testi used by service providers to test the connectivity to-ONI

6.2 Maintenance Entities

The following figure illustrates th©& AM Domainsand Maintenance Entities (MEdgfinedby
the MEF. The figure illustrates pairs of MEPs (thus MESs) that are communicating across various
OAM Domains and also illustrates the hierarchical relationship between Aasé Domains
MEF 301 [19] identifies the default MEs and tiMaintenance Entity GroupMEG) levels.
MEF 35.1 © The Metro Ethernet Forum 20122015 Any reproduction of this document, or any portion thereof, Pagel3
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Figure 17 Maintenance Entities Gee MEF 3Q1[19])

Note that the given MEP and MIP locations, and MEP orientations, are for example purposes only.
There are cases where the locations and orientations may differ, and where orientati@p4s not
plicable.

In addition, the hierarchical relationship betwg&@AM Domainsis also for example purposes
only. The scope of an OAM Domain is restricted to its associated VLAN, which has implications
when VLAN identifiers are stacked. Service Frames withitag are stacked with at8g at the

ENNI. In this case there is a separate set of 8 MEG Levels for each stacked VLAN tag, as de-
scribed in MEF 30.119] Appendk B. MIPs are not involved in performance monitoring so they

are not further discussed in this document.

The following figure looks more closely at one exanfpltM Domainand its MEs. Th&®AM
Domainconsists of {MEP1, MEP2, MEP3, MEP4}, where each unijlieP pair (i.e., {{MEP1,
MEP2}, {MEP1, MEP3}, {MEP1, MEP4}, {(MEP2, MEP3}, {MEP2, MEP4}, {(MEP3, MEP4}})
constitutes a ME.
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6.3 OAM Domains and Performance Metrics

Various performance metrics are defined in MEF 1(13] for EVCs, and equivalently in MEF
26.1[18] for OVCs (see section3.2 and7.7), for the purpse of evaluating adormance to a
Service Level Specification (SLS)EVCs and OVCsorrespondespectivelyto the EVC and
Operator OAM Domains described in sectd above However, performance measurements
may also be carried out for informational reasons in other OAM Domains. In thjsaceesealo-
gous definition of the performance metrics may be asswameltscribetelow.

The performance metrics are dedéid over a set of ordered pairs of UNIs (in the EVC case accord-
ing to MEF 10.312]) or a set of ordered pairs of OVC End Points (in the OVC case according to
MEF 26.1[18]). For eactperformancemetric, the performance for each ordered paih@set is
defined, and these values are combined to obtain the value for the EVC or OVC as a whole.

The specific performance measurements defined in this document are always between a single pair
of MEPs. The MEPs malye located atNIs (in the EVC OAM main), OVC End Points (in

the Operator OAM Domain) or other constructs (in the other caseg€ach case, the definition

of aperformancemetric in MEF 10.312] or MEF 26.1[18] as it applies to a single pair of UNIs

or OVC End Points can be applied to any pair of MBREe same MEGand hence performance
measurementsan be made for any of the OAM Domains described in se6tbabove

The performance metrics as defined in MEF 1023 and MEF 26.118] apply to Qualified Ser-
vice Frame®r to Qualified Frames respectivély.e., Service Framesr ENNI Frameghat meet
certain criteria including that they have Ingress Bandwidth Profile danga ofgreen. However,
there are certain OAM Domaiiise.g. in the UNI MEG, ENNI MEG or Subscriber MEGwhere

the Ingress Bandwidth Profile compliance of Service Frames and/or SOAM&tkes may not
be applicable.

Not e: in this docoamehRt ambe aedméQas&keried Ser
defined in MEF10.3[12]. These may be taken to also apply to ENNI Frames and to Qualified
Frames (as definead MEF 26.1[18]) generally, as appropriate.

The majority of performance measurements defined in this docuwaoerdllymeasure the perfor-
mance ofSyntheticSOAM PM Frames, ratheihan ofQualified Service Famessince SOAM PM
Frames always have Ingress Bandwidth Profile compliance of green within the CEN, they always
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measure the performance of green frames, as requiredxception to this is when Singlended
Service Frame Loss Measurement is used as part of PM Solutieéh (B&& sectiof), as in this
case it is the loss @ualified Service Frames that is measuretbs explained in sectio8.2, the
application ofthe PM3 Solution isnot recommended fAddAM Domains other than the EVC or
Operator OAM Domains.

With the above pints in mind, references in the remainder of this document to the performance
metrics defined in MEF 10.2] and MEF 26.118] can be taken as applying to any OAM Do-
main.

Note:details of how the performance measurements defined in this document can be used to cal-
culate the performance metrics defined in MEF @2 and MEF 26.1[18] can be found in
Appendix 1T Calculation ofSLS Performance Metrics (Informative)

6.4 Default Behavior

One of the important functions of trdecuments to simplify the provisioning of SOAM across
theCarrierEthernetNetwork (CEN). To this end, a default value for an attribute of a maintenance
object is defined as the recommended value to be used for that attribute when no other value has
been specified during the creation of that objddie use of default valuegda interoperability.

Note that the specification of default values does not relieve carggspment of being capable

of using a different value if one of the partéssires it In other words, specification of a default

value assumes that the vaigesettable and that other values could be u3éw: default value is
suggested as a value to shorten or obviate the need for negotiations in most cases, however other
values should also be available for those cases where the default may not beteuwtadblef the

parties.
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7. PM Source Documents
The following sections provide a brief summary of existing MEF specifications having SOAM

requirements relating direct{gr indirectly) to PM. This discussion is not intended to be complete
or exhaustive. For additional information, refer to the corresponding MEF specification.

7.1 MEF 7.2

MEF 7.2 [11] defines the EMSNMS Information Model that can be used to create interoperable
management systems for a Carrier Ethernet network based on MEF specifications.

7.2 MEF 10.3
MEF 103 [12] defines servicenetricsto create MEF compliant services, with some of these being
related to performancerlhe following One-way performancenetricshave objectiveslefinedon
a perEVC per CoNamebasis:
1 Frame Delay (FD)
Frame DelayRange (FDR)
Mean Frame DelagMFD)
Inter-Frame Delay VariationlFDV)
Frame Loss Ratio (FLR)
Availability
High Loss Intervals (HLI)

Consecutive High Loss Intervals (CHLI)

= =_ =2 =4 =4 A4 A -

Group Availability

The performancemetricsencompas®ualified Service Framesflowing in one direction over a
subset of orderedNI pairs (i.e., some or aljf an EVG over a time periodl. Qualified Service
Frames include the following requirements. E8ehviceFrame must:

1 arrive at the ingress UNI within the time interfaland within a small time intervght t h a't
has been designated as part of Availdbiee

1 have a valid Class of Service ldentifier for the Class of Service Name in question

1 have an Ingress Bandwidth Profile compliancgreen (if it is subject to an IngreBsind-
width Profile)
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1 either have no color identifier or a color identifier indicatgngen if it is not subject to an
Ingress Bandwidth Profile

The objectives are wlirectional (specified in MEF 18[12] section8.8), however, the measure-
ment can be done usingdirectional means. Also see sect&B.1in MEF 103 [12].

7.3 MEF 15

MEF 15[14] defines a number of statistics that NEs should maintain related to the perderma
of individual services, and the behavior NEs should exhibit related to maintaining and making
these statistics available.

7.4 MEF 17

MEF 17[15] provides a high lesl overview of SOAM architecture and capabilities, and discusses
some of the requirements foS®O®AM PMImplementation

According to MEF 1715], SOAM must providehe ability to measur®ne-way FLR, Two-way
FD, andOne-way IFDV for pointto-point EVCs. Onevay FD andTwo-way|FDV are listed as
optional measurements.

Note: The definition of performance metricasevolved over timeand theperformancametrics
defined in MEF 10.312] differ from the measurement requirements in MEF154, and include
additional performance metrics not envisaged in MEF 17, such as FDR and Availability. This
document is aligned with MEF 10.3.

7.5 MEF 20

MEF 20[16] defines SOAM requirements for UNI Typeititerfaces or NEs with UNI Type I
interfaces and its scope includes the followi@AM Domains

1 Subscriber
1 Test(only used by SOAM FM)
1 UNI

Note: The SOAM requirements in MEF RI6] have been incorporated in MEF 3(1B].

7.6 MEF 23.1

MEF 23.1[17] updateshow the term "Class of Service" (CoS) is used in MEF specificatidos
avoid ambiguity, the terms "CoS" and "CoS I8fouldneverbe used on their own, but always
with additional context MEF 23.1 also introduces the concept of Performance Tiers, and specifies
performance objectives for these Performance Tiers foe Stemdardized CoS Names designated
as 'CoS Labels'The MEF 23.1 framework can be used for additional CoS Names beyond the
three standardized CoS Labels.
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7.7 MEF 26.1

MEF 261 [18] defines the requirements for the External Network Network Interface (ENNI). The
document specifies a reference point that is the interface betwedatwer Ethernet Networks.

The term Operator Virtual Connecti¢@VC) is defined in thatlocument.MEF 26.1 also defines
Service Level Specification performance metrics and related requirements for, O&/G$ere

the set S contains ordered pairs of OVC End Poiftgesedefinitionsare equivalent to the per-
formance metrics specified MEF 10.3 for EVCsand UNIs (see section?2); hence wherever
MEF 10.3 is refered to within ths document, it can be read as also being a reference to MEF 26.1
in the case of OVCs

7.8 MEF 30.1

MEF 301[19] and MEF 30.1.120] (SOAM FM IA) provide the basis for the SOAM terminology
used in this documentThe SOAM FM IA defines the default configuration for different MEGs.
The document has the fault management aspects of SOAM
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8. PM Considerations

The following sections describe specifionsiderations relating to Delay Measurement, Loss
Measurement and handling of multiple Classes of Service.

8.1 Frame Delay Measurements

Measuring theOne-way FD of aQualified Service Frame between two measurement points re-
guires transmission and receptioméistamps, where the difference between them corresponds to
the One-way FD.

Independent of whether tiServiceFrames contain timestamps and sequence nunafgysthetic

Frame that does carry that informatioanbe used. This Synthetic Frame is an Ethegt frame

that is created specifically to carry the information necessary to accurately calculate frame delay.
If a sufficiently largenumberof SyntheticFramesareincluded in aMeasuremeriinterval we can
assume that the collective experience of tH&s#hetic Frames is representative of the perfor-
mance experience that would be measured during the @asurement Intervdbr Qualified
ServiceFrames on the sam@ath To achieve this, th8yntheticFrames must benarked sdahey
aretreated by the netork as belonging to the san@assof Serviceas the service traffic being
monitored.

A Oneway FD measurement is affected by the accuracy of the transmission and reception
timestamps:

1 Oneway FD isdefined inMEF 103 [12] for Qualified Service Famesas the time elapsed
from reception at the ingress UNI of the first bit of 8sviceFrame until the transmission
of the last bit at the egress UNI. However, timmegbsare not alwaystaken precisely at
these moments.

1 To accurately measu@neway FD requires synchronized clocks between the two meas-
urement points, which are impacted by the synchronization method and clock frequency
drift. In the absence of clock synchronizati@ne-way FD can be estimated from the
Two-way FD.

8.2 Frame Loss Measurements

Measuring théOneway FLR ofQualified Service Frames between two measurement points re-
guires transmission and reception countehgre theOne-way FLR can be determined as the ratio
of the difference of these quantities to the number of fsamamsmitted

Two categories of measurement are possible:

1 Measuring the loss dpualified Service Frames, as specified i3.8013¥.1731[1] and
ITU-T G.8021]3] as amendef#] [5] using the LM process.

1 Measuring the loss dynthetic Frames (SOAMPM PDUs usingSLM/SLR or 1SL), as
specified inG.8013¥.1731[1], and ITUT G.8021[3] as amendef#}] [5].
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A One-way FLR measuremetitat measures loss Qualified ServiceFramesusing the LM pro-
cessis affected by the accuracy of ttransmission and reception counters:

1 To accurately measuf@ne-way FLR requires coordinated collection of the counters. Spe-
cifically, the reception counter should not be collected until after theSéasice Frame
(i.e., the lasBerviceFrame transmitd prior to collecting the transmission counter) would
have been received.

1 As only frames with an Ingress Bandwidth Profile compliance of green are counted at each
MEP, the measurement can be affected if the Service Frames flow through an Ingress or
EgresBBandwidth Profile between the two MEPs which changes the color marking of some
frames. The details depend on the MEG, as follows:

o SP MEG, EVC MEG and Operator MEG: MEPs are located at Els within the CEN
(after the Ingress Bandwidth Profile and beforeEgeess Bandwidth Profile), and
hence the counters can correctly determine the colsemviceFrames.

A If color marking is preserved across the EVC or OVC, then both MEPs
count the same green frames.

A If color marking is not preserved, then yellow framesyrbe promoted to
green, or green frames may be demoted to yellow, as they flow across the
EVC or OVC; hence different frames might be counted at each MEP. Ser-
vice Frame Loss Measurement may be inaccurate in this case.

0 Subscriber MEG, UTA SP MEG: the MEBK®s not coincide with the ingress and
egress of the CEN, and hence the colorin§ast/iceFrames may be altered by an
Ingress or Egress Bandwidth Profile. This may result in different frames being
counted by each MEP, leading to inaccuracies in the memasmt. Note in the
case of the UTA SP MEG there may be an Egress BWP per VUNI, which is imple-
mented in théethernet Provider Conditioning FunctioBRCH after the UTA SP
MEP. There may also be an ingress BWP on the access provider side of the ENNI.

o UNI MEG, ENNI MEG: As these are not peervice MEGs, the counters could
treat all frames as green,.ial frames flowing over the interface are counté&dr
the UNI MEG, the Service Frames are counted at the MEP before the determination
of the color, whih occurs after the MEP at the ESCF; therefore the only choice
within the UNI MEG is to treat all frames as green, i.e. to count all fra®ewstzice
Frames flowing over the ENNI may belong to different services, with different
color markings; in this casmplementing aggregate counters that count only green
frames over all services may be impractical.

For the reasons given above, measuring the loQualified SrviceFrames isnotrecommended
for MEGs other thathe EVC and Operator MEGs, atieénonly when color marking is preserved
in the corresponding EVC or OVC.
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Anotherlimitation of the LM process is that a multipointMEG, countersof Qualified Service
Framesmay notbedirectly comparablesince there are multiple ingress and egress poinieks
as the potential for frame replication.

Similar to delay measuremenitise limitations on counter accuracy and with multipoint MEGs can
be overcome by usindirected and periodiSynthetic Frames. By counting and measuring the
Oneway FLR of uniformSyntheticFrames statistical methods can be used to estimat©tiee

way FLR of service traffic This can be achieved bgsering periodic SyntheticSOAM PM
Framesnto an EVCor OVC, ensuring that they are treated as green frames by the device msertin
them, and measuring the losses of those framelwantages of this approach include the ability
to measure loss on multipoint connections, the ability to measurdolodgferent SOAM PM

CoS IDsin a straightforward manner, and the guarantee thas thitlrbe traffic to measure. On
the other hand, a major challenge of the approach is thactwacy depends on themberof
Synthetic SOAMPM PDUsused to make the measurement, which in turn depends on the rate at
which they are sent, and the time over which the measurement is magknerglmore frequent
transmission and/donger timeframes are needed to obtain estimaitbsthe required accracy.

8.2.1 Location of PM Measurement Points (for Loss)

As discussed in sectiors2 and4, MEF 103 [12] specifies that the performanoeetricsare ap-
plicable toQualified ServiceFrames, which have a level of bandwidth profile conforreasheter-
mined to be green. This is determined at the traffic conditioning’point

Figure 3 shows the location of MEPs within a UNI, in relation to the traffic conditioning points
and the Ethernet ECS Adaptation Function (EEAF), as specified in MER113}.2Consider an
upward facing MEP at an interface, and its placement relative to the traffic conditioning point.
IngressService Frame traffic from the customer should encounter the ¢rafiinditioning point

before it encounters the performance measurement point. This is consistent witt21ER],

where the MEP is between the Ethernet Subsci@onditioning Function (ESCF) and the EEAF

on a UNI, and between the Ethernet Provider Conditioning Function (EPCF) and the Ethernet EC
Interworking Function (EEIF) at an ENNI. This placement also implies $¥athetic Frames
inserted in the upstreanirelction must be inserted after the traffic conditioning point.

! Note that in MEFL22 [13], the ESCF is the traffic conditioning point for the UN|J and the EPCF is the traffic
conditioring point in the ENNI. Alsmote that both are defined as applying to both ingress and egifisscondi-
tioning (although egress conditioning is not always applied).
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Figure 317 MEP Placement

Egress service traffic toward the custonveuld then encounter the traffic conditioning point after

it encounters the MEP. This is reasonable, especially for cases involving multipointdéVCs
OVCsthat can experience focused overloads due to customer behavior (i.e., irrespective of net-
work prodems). Such arrangements are likely to use an Egress Bandwidth Profile at the egress
El that discards frames in the focused overload scenario, and such discards are not indications of
network performance problems.

Note that for certain cases, the clodeg MEP can be located to the egress link (including the
gueuing buffers), the more accurate the performance measurements will be. For example, when
the UNI link speed is relatively slow and the burst size value is restrictive, the egress buffer at the
UNI could be a key contributor for delay and loss impairments

8.3 Packet-Count-Based versus Time-Based Measurements

The ideal performance metrics specified in MEF 1023 are all based on the actual performance
experienced byQualified Service Frames.However, measuring this actu@ualified Service

Frame performance would require modifying Service Frames to include fields such as timestamps,
sequence numbers, etc. tlaae required in order to measure performangs.noted above, an
alternative is to insert Synthetic Frames into the Service Frame traffic stream, and then use fields
in these Synthetic Frames to obtain performance measurenisimg. Synthetic Frames tbtain
performance measurements overcomes the limitations of obtaining performance measurements
from actual Service Frames (e.g., the process of modifying Service Frames to include necessary
fields would, among other issues, affect the performance @ehdce Frames)Each Synthetic

Frame can be considered to be one statistical measurement point.

MEF 10.3[12] defines several different performance metrics,uditlg maximums, minimums,
percentiles, and averageBhe averages defined in MEF 10.3 are all packeintbased averages,
that is, for an average metfic over a time interval T
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Similarly, percentiles are based on percentages of all Qualified Service Frames (for a given CoS
FS) received by the CEN during T.

Obtaining these measurementotigh statistical sampling would require the measurement points

to be placed based upon received Service Frame counts, that is, it would require a Synthetic Frame
to be inserted after everyQualified Service Frames of the given CoS FS. While such apacke
countbased sampling method might be theoretically ideal, it faces several practical implementa-
tion problems, especially in a high packet rate environment. The received Service Frames may
consist of a mixture of multiple CoS Frame Sets (or other siselar of frames requiring separate
performance measurements). For each such set, the implementation needs to count the number of
appropriate frames (e.g., only Qualified Service Frames of only that CoS FS), create an appropriate
Synthetic Frame, and inserimmediately after the correct number of appropriate Service Frames
have passed. The Synthetic Frame must have the correct data for measurements, in particular,
delay measurements require an accurate timestamp. A slow implementation may not de able t
generate and insert Synthetic Frames quickly enough during a Service Frame burst, possibly lead-
ing to a backup of measurements being taken after the burst has passed and therefore not accurately
measuring the performance experience®@llified ServiceFrames.

Figure4 below shows an example of theoretically ideal padoeintbased measurement points,
andFigure5 shows what the actual measurement points might look like in a practical implemen-
tation.l| n t hese f i guQealfied®eo vi epr &#sames aad Amo r erf
ment point (i.e., an inserted Syntheti@afe). For illustration, in these figures the sampling rate

is one measurement point after ever@alified Service FramesTime flows from left to right,

so frames otheleft occur earlier than frames dmeright.

R FEEmfEfnf FEmf FEmeFfmf - - - - ==~ L fm------ oo £m--
| | | | | | | l | | | | L

Time

Figure 471 Ideal PacketCount-Based Measurement Samples
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Figure 51 Possible ActualPacketCount-Based Measurement Samples

Another implementation is to insert Synthetic Frames on a time basis, rather than on a packet
count basisln a timebased implementation, a Synthetic Frame is inserted onceyavesy units
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(e.g., milliseconds), regardless of how many or how @valified Service Frames have been re-
ceived. Figure6 shows an example of a tintiased implementation for the same Service Frame
flow used inFigure4 andFigure5.

L LR L == fomm m o £ o ——- e - == S ff—n

Figure 61 Time-Based Measurement Samples

A time-based implantation has two practical advantages over a pamketbased implantation.

First, a timebased implementation frees the Synthetic Frame generator from having to monitor
the Service Frames. Second, the processor load in abéisexl irplementation is constant,
whereas a pack&buntbased implementation leads to increased processor load as the rate of
Qualfied Service Framg(of the given CoS FS) increases (because more Service Frames results
in more Synthetic Frames being generated).

Besides the practical implementation advantages;itiased implementations offer some statisti-

cal advantages over paclkaiuntbased implementations. Tirased implementations measure
network performance at all times, whereas packeintbased implemeations only measure net-

work performance when the network is being used, and provide no information when the network
is not being used. Network issues that occur whe@ualified Service Frames are being sent
would be spotted by timbased measuremenbsjt would be missed by packebtuntbased meas-
urements. Inthe extreme case, a standby link or path on which there are no Service Frames flowing
can be monitored using tir@sed implementations, but cannot be monitored at all using packet
countbased imfementations.

In addition, timebased measurements result in a constant number of measurement samples per
Measurement Interval, whereas under a pac&antbased implementation the number of meas-
urement samples depends on the numbé)ualified ServiceFrames (of the given CoS FS) re-
ceived during the Measurement Interval and thus can vary from one Measurement Interval to an-
other. Having a constant number of measurement samples in each Measurement Interval provides
considerable advantages to statistaadlysis of the measurement results.

8.4 CoS Considerations

A single Ethernet service might encompass multiple Classes of Service, and therefore it may be
desirable to take performance measurements for each Class of Service between the same two end
points The Class of Service Identifiers (CoS IDs) that are available for use by SOAM & WS

are called CoS IDs for SOAM Prames, or "SOAM PM CoS IDs." A SOAM PM CoS ID is

limited to mechanisms that can be carried by a SOAMAPAMe For example, SOAM PM CoS

ID cannot be based on IP DSCP because SOAMFRivhes do not carry any IP information
Similarly, SOAM PM CoS ID cannot be based on L20fa, as defined in MEF 10[32],

SOAM Frames are not considered to be L2CP Frar8&AM PM CoS IDs are defined as one of

the following:
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1 VLANID
1 combination of VLAN ID and PCP value

Note: SOAM PM Frames can be untagged (e.g. on the UNI and ENNI MEGS); in this case they
do not hava SOAM PM CoS ID.

SOAM PM Frames measure the performance experienced by frames with a particular SOAM PM
CoS ID. This measurement is applicable to a s&podlified Service Frames to the extent that the
performance of frames with a SOAM PM CoS ID reflects the performance of thateliffed

Service Frames For example, if the set of Service Frames is the CoS Frame Set (CoS FS) for
some CoS Name, and if SOAM PRiames with a SOAM PM CoS ID of {VLAN ID = 42, PCP

= 3} are used to measure the performance of this CoS FS, then the measurement is only accurate
if the network provides the same performance to SOAMAPMNnes with {VLAN ID = 42, PCP

= 3} as the network dods the CoS FS.

A SOAM PM CoS ID is used for Performance Monitoring in different waySymthetic SOAM

PM Frames and by LMM / LMR framesSynthetic frames use a SOAM PM CoS ID to directly
measure the performance experienced by frames that have that SF®RARO0S ID While
LMM/LMR frames are used to transfer measurement information rather than being used to directly
experience performance, nonetheless it is essential for accurate loss measurements that the LMM
and LMR frames do not get misordered with respe the Service Frames they are countihpe

easiest way to avoid such misordering is to ensure that the CoS ID for LMM/LMR frames is treated
the same as the CoS ID for the Service Frames being measu@dtition, LMM / LMR frames

use the SOAM PM @S ID as a means to identify the correct set of service traffic counters whose
values should be carried by these frames.

Note that, ifSynthetic SOAM PMFrames are used, then multigets ofperformance objectives

(e.g., CoS Names) could be measured uiagsgame SOAM PM CoS ID between a given pair of
MEPs provided the different sets 8érvice Frames (e.g., CoS Frame Sets) experience the same
performance over the network spanned by that particular W& example, suppose that CoS
Name Platinum uses @6 ID of PCP =6 and CoS Name Gold uses a CoS ID of PCBadpose

also thatboth CoS Name Gold and CoS Name Platinum use the same UTA Service and that both
use the same UTA Service CoS. As a redrdimes with PCP = 5 and frames with PCP = 6 get
mapped to the same queues and get treated identwahin the network spanned by the UTA SP

ME. In this case, performance for both CoS NaBwmdd and CoS Name Platinuzould be moni-

tored by one PM Session, e.g., using SOAM PM CoS ID of PCP Ehb interpetation of the
measurements could be different for each CoS Name (e.g., the performance data could indicate a
Pass for CoS Name Gold but a Fail for CoS Name Platinum) but the same performance data could
be used for both CoS Namehk contrast, if LMM/LMR frames are used, then each CoS Name

(or other set of performance objectives) to be monitored must use a unique SOAM PM CoS ID
due to the requirement for LMM/LMR frames to identify separate service traffic counters for each
CoS Name.

To provide some examgeconsider the Performance Monitoring@iialified Service Frames
between two UNINs on an EVC, which corresponds to two MEPs on an EVC Mider MEF
10.3, the CoS ID for Service Frames may be based on EVC, PCP,l16tH& CoS ID for Service
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Framess based on EVC or PCP, then the mapping of CoS Name to SOAM PM CoS ID is straight-
forward If multiple Service Frame VLAN IDs and/or PCP values are mapped to the same CoS
Name, then any one of these may be used as the SOAM PM Cd8 tbhis case, sincet éeast

some of the Service Frames in the CoS FS use the SOAM PM CoS ID themselves, the performance
of SOAM PMFrames will reflect the performance of the CoS FS.

When CoS ID for Service Frames is based on IP, then a different basis must be used to map CoS
Names to SOAM PM CoS IDsAs noted earlier, to obtain relevant measurements using SOAM

PM Frames, the performance experienced by SOAMHAPMNes with a given SOAM PM CoS ID

must be equivalent to the performance experienced by the CoB p@rticular, inorder to use
measurements from SOAM PRKtames, then any decisions affecting performance inside the CEN
cannot be made on the basis of IP DSCP values.

CoS Frame Sets, and corresponding CPOs, are defined across EVCs and OVCs, and over an ENNI;
these corregmd with the EVC, Operator and ENNI MEGs, and are the network sections over
which an SLS may be specified. Performance Measurements may also be taken in other MEGs
for informational purposes, in the SP MEG, SP UTA MEG or Subscriber MEG. In this case

the same considerations applg, the SOAM PM CoS ID chosen must tleosen such that the
performance of the SOAM PM frames reflects the performantdeedbervice Frames whose per-
formance is being monitored, across the network section spanned Miz e
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9. PM Solutions

In the context of this specification, a PM Solution is a collection of interdependent and related
requirements on the components that implement that solution. A PM Solution uses PM Functions
which are capabilities that are specified p@rformance monitoring purposes (e.g. Sirgfeled

Delay, SingleEnded Synthetic Loss). A PM Function is associated with a spewdahanism

that is described in IT G.8013K.1731 (e.g. SingkEnded ETHSLM). A PM Session is an
instantiation of gpatticular PM Function within &M Solution between a given pair of MEPs
using a giverSOAM PM CoSID over a given (possibly indefinite) period of time.

The NE is responsible for conducting performance measurements, while the EMS/NMS compo-
nents are responséfor configuring, collecting, and processing these performance measurements
to determine one or more performameetricsfor the MEG An implementation of a PNgolution
consists of a MEG, supported by NEs in which the MEPs of that MEG are implememtetdean
management functionality supported by the EMS and NMS system(s) that typically manage them
as shown irrigure7 1 PM Solution Componentselow.

NMS
Network
Management
Layer
EMS/NMS EMS/NMS
Information 7 7 Information
"4
EMS 1 P ” A N EMS 2
N\
Element
Management
Layer PM Measurement Data \
A
I

NE 2

PM Measurement Data

Network

Element

Layer
Focus of
the SOAM
PM IA

H SOAM PM Sessions
Figure 77 PM Solution Components

This implementation agreement covers requirements on the components in the Network Element
Layer ofFigure7 i PM Solution Componentwhich shows examples of timetwork equipment
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(switches, routers, end stations, or test equipment) that implement the MEPs that make up the
MEG.

The management systemghich are outside the scope of this A but nonetheless part of tredlove
PM Solution,include theElement ManagemenBystems (EMS) and/oNetwork Management
Systems (NMS) that are responsible for managing the NEs, MEP&hamMEG that is being
measured Requirements on the interface between tl@mentManagemenktayerand the Net-
work Element_ayerare documented in MEFZ.[11].

A conformingimplementatiorof a PM Solution provides the SOAM PM and Management mech-
anisms necessary to meet the goals identifiexeation4, including measurement of the perfor-
mancemetricsdefined in MEF 13 [12]. TheSOAM mechanisms covered in this bke realized,

in part, through the maintenance association architectlieE=e802.1Q-2014 [22], the PMFunc-
tions of ITUT G.8013¥.1731[1], andthe (network element based) atomic functions and pro-
cesses oOfTU-T G.8021]3] as amend#®[4] [5].

A PM Solution can be categorized as to the types of MEGittleain be applied to and ti&MV
Functions used A PM Solution that can be applied to a MEG with 2 MEPSs is a giokgoint
solution A PM Solution that can be applied to a MEG with 2 or more MEPs is a multipoint
solution. Note that all multipoirgolutions are also potb-point solutions.

This specification specifies the following PM Solutions:

PM MEG Measure- PM Function(s) Manda-
Solu- Type(s) ment Tech- tory or
tion nique for Optional
Loss
PM-1 | pointto-point Synthetic SingleEnded Delay Mandatory
multipoint Testing SingleEnded Synthetic Los
PM-2 | pointto-point n/a DualEnded Delay Optional
multipoint
PM-3 | pointto-point Counting SingleEndedServiceLoss | Optional
Service
Frames
PM-4 | pointto-point Synthetic DualEnded $ntheticLoss | Optional
multipoint Testing

Table 217 PM Solutions Summary

Each PM Session uses a PM Function. Each PM Function uses a speciliddVunechanism
which in turn uses specific ITJ PDU(s), as shown below.
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PM Function ITU-T PM Mechanism ITU-T PDU(s)
SingleEnded Delay ITU-T SingleEnded ETH-DM DMM/DMR
DualEnded Delay ITU-T DuatEnded ETH-DM 1DM
SingleEndedServicelLoss ITU-T SingleEnded ETHLM LMM/LMR
SingleEnded Synthetic Losg ITU-T SingleEnded ETHSLM SLM/SLR
DualEnded Synthetic Loss| ITU-T DuatEnded ETHSLM 1SL

Table 37 PM Functions Summary

An overview of thePM Functionss provided inAppendix A- Performance Management Func-

tions (Informative) Note that use dduatEnded Service Loss PM Function is not recommended

as part of any of the PM Solutions described in this document, as it cannot be used to measure loss
for more than on€lass of Service.

The following figures describe theerformance mtricsthat can bealculated from the measure-
mentscollected with eacPM Function Note that calculating Oreay FD requires Tim@f-Day
synchronization.

Single-Ended A B —_— - B

PM Function ® - @

initiated at A s -
i ITU-T Single-Ended ETH-xM mechanism;

uses SOAM PM PDUs: DMM/DMR, LMM/LMR, SLM/SLR

This can be used to produce measurements for the following performance metrics:
*  One-way FD, IFDV, MFD and FDR (Forward and Backward), using DMM/DMR

* Two-way FD, IFDV, MFD and FDR, using DMM/DMR

*  One-way FLR (Forward and Backward), using LMM/LMR

*  One-way FLR (Forward and Backward), using SLM/SLR

*  One-way Availability and Group Availability (Forward and Backward), using
SLM/5SLR

= One way HLI and CHLI (Forward and Backward), using SLM/SLR

Figure 81 Performance Metrics that can be collected with SingleEnded Loss and Delay

2 In older revisions of the ITJ Recommendations, Singiended ETHDM was known as Twavay ETHDM.
3n older revisions of the ITT Recommendations, Duinded ETHDM was known a®©neway ETHDM.
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Dual-Ended PM A . B
Function initiatedatA @ @

(and optionally at B)
ITU-T Dual-Ended ETH-xM mechanism;

uses SOAM PM PDUs: 1DM, 15L

This can be used to produce measurements for the following performance metrics:
*  One-way FD, IFDV, MFD and FDR (Forward), using 1DM
*+  One-way FLR (Forward), using 15L

*  One-way Availability and Group Availability (Forward), using 15L
*  One-way HLI and CHLI (Forward), using 15L

Figure 91 Performance Metrics that can be collected with DualEnded Loss andDelay

The following sections serve to briefly stxibe the individual PM Solutions, which are realized
through the NE requirements specifiedsecttion 10 (Common Requirements) arsdctions11
(PM-1), 12 (PM-2), 13 (PM-3), and14 (PM-4) that follow.

9.1 PM-1: Single-Ended Point-to-Point or Multipoint Delay and Synthetic Loss

Measurements

The PM-1 Solution useSyntheticSOAM PM PDUsto measure performancé his solution uses
SingleEnded Delay measurement fename Delay (FQ)Mean Frame Delay (MFDIrrame Delay

Range (FDR)and InterFrame Delay Variation (IFDV) Single EndedSynthetic Loss measure-
ment is useda measurd-rame Loss (FLR)Availability, Group Availability,and count of High

Loss Intervals (HLI, CHLI)

When using DMMDMR PDUs, DMM frames are sent from @ontroller MEP to aResponder
MEP which in turn respondsith DMR frames Controller toResponder measurements dtet
sponder toController measurements are also knoas Forward andBackward measurements,
respectively. With optional timef-day (ToD) clock synchronizatiorOneway FD and MFD
measurementsanbe taken. Tweway FD, MFD, FDR, and IFDV measurementand One-way
FDR andIFDV measurements calwaysbetaken and do not requifie®D clock synchronization.
The FO MFD, FDR,and IFDV delayrelatedperformancametricsas defined in MEF 16.[12]
can bemade with this solution.For FD and MFD, if ToD synchronization is nosufficiently
accurate foperformance measurement purppsee One-way performancemetricsof MEF 103
[12] can beestmated by dividing th&wo-way measurement by although this introduces con-
siderable statistical biag\lso note that when measng One-way FDR, it is necessary to normal-
ize measurements by subtracting the minimum delay. This allmesvay FDR to be measured
even if ToD synchronization is not present.

When usingSLM/SLR PDUs SLM framesare sent from &ontroller MEP to éResponder MP
which in turn responds with SLiRames This mechanism can be used to tekeway measure-
mentsfrom whichFLR, Availability and Group Availability can be calculate®#LR, Availability
and Group Availabilityare defined in MEF 1G.[12].
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The PM1 Solution using bottSingleEnded Delay and SingEEnded Synthetic LosBM Func-
tionsallows all of the performancenetricsdefined in MEF 13 [12] to be collected The PM1
Solution can be applied to po#w-point and multipoint MEGsMultiple PM Sessionsan berun
simultaneoushpetween the MEPSs, allowing for multiple classes of service to be tested.

DMM and SLM frames aresent to the unicast address of Responder MERt the MEG Level
of the MEG.

Like any synthetic measurement approach, a PM Sessiog $hgle-Endedsyntheic lossneeds
to generate enough SOANMM Frames to be statistically validAppendixD - StatisticalConsid-

erations forSyntheticLossMeasurementlfformative)contans further information withrespect
to FLR, andAppendix Ji Statistical Considerations f@évailability contains further information
with respect to Availability.

All Syntheic SOAM PMFramesneed tdbe similar to th&ualified ServiceFrames carried by the

EVC or OVC, in particular, such SOANPM Frames must have representative frame length and
be treated by the network elements between the MEPs in the same w@alified Service
Frames are treated. In addition, it is important Byaithetic SOAMPM Frames be inserted irre-
spectiveof the load/ congestion at the insertion point. To do otherwise would bias measurements
away from instances of poor network penf@ance.

The following is a list of the performanceetricsdefined in MEF 1@ [12] that carbe calculatd
for each ordered El pair in the seu§ing the PML Solution

1 Oneway Frame Delayerformancé MEF 103 [12] section8.8.])

Oneway Mean Frame Delay (MEF 1[12] section8.8.1)

Oneway Frame Delay Range (MEF B(Q12] section8.8.1)

Oneway Inter-Frame Delay VariatioRPerformancédMEF 103 [12] section8.8.2)

Oneway Frame Loss RatiBerformancéMEF 103 [12] section8.8.3

= == =2 =4 -2

Oneway Availability PerformancéMEF 103 [12] section8.8.4)
1 Oneway ResiliencyPerformancéHLI and CHLI) (MEF 103 [12] section8.8.5

Oneway Group Availability Performancd MEF 10.3[12] section 8.8.6Jor a group of El pairs
can also be calculated.

9.2 PM-2: Dual-Ended Point-to-Point or Multipoint Delay

The PM2 Solution is an optional solution thatses1DM PDUs to measure perimance. For
Oneway Frame Delay (FD), Mean Frame Delay (MFB)ame Delay Range (FDRand Inter
Frame Delay Variation (IFDV) measuremeribsialEnded Delaymeasuremens used.
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For DualEnded Delay measureme@ne-way measurements fromGontroller MEP to a Sink

MEP (in theForwarddirection) are taken.DuatEndedPM Sessionsan beconfigured so thaine
runsfrom MEP ito MEP j anénother runffom MEP jto MEP i Only delayrelatedperformance
metricsdefined in MEF 1@ [12] aremade with the PM2 Solution.

The PM2 Solution can be applied teitherpoint-to-point or multipoint MEGs. 1DM frames can
be unicast or multicast. In multipoint MEGs, use of multicast 1ftdvhes can help to simplify
PM Session configuration and reduce SOAM traffithis is further described iAppendix Hi
Notes orDuatEnded PM Function@dnformative)

For Oneway FD and MFD, ToD synchronization is required and the considerations described for
PM-1 in the previous section also apply to 2M

Like any synthetic measuremeayiproach, a PM Session usiing DualtEnded DelayPM Func-

tion needs to generate enough SOMRM Fames to be statistically valid. Aflynthetic SOAM

PM Frames need to be similar to tQmualified Service Frames carried by the EV&@ OVC, in
particular, such SOAM PNframes must have representative frame length and be treated by the
network elements between the MEPs in the same waylnaified Service Frames are treated.

In addition, it is important thé®ynthetic SOAM PMFrames be irerted irrespective to the load /
congestion at the insertion point. To do otherwise would bias measurements away from instances
of poor network performance.

The following is a list of the performanceetricsdefined in MEF 1@ [12] thatcan becalculatd
for each ordered El pair in the seu§ing the PM2 Solution

Oneway Frame Delay Performance (MEF 3(12] section8.8.1)
Oneway Mean Frame Delay (MEF 10[12] section8.8.1)

Oneway FrameDelay Range (MEF 18.[12] section8.8.1])

= = =2 =

Oneway Inter-Frame Delay Variation Performance (MEF3[12] section8.8.2

9.3 PM-3: Single-Ended Service Loss Measurements

The PM-3 Solution is an optional solution that us&grvice Frame counters to measure perfor-
mance This solution uses SinglEndedService Loss measurement to measure Frame Loss Ratio
(FLR). The PM3 Solution is not applicable to multipoint MEGs.

LMM/LMR PDUsare used for FLR measurements. These cditectounts of the number of
Qualified Service Frames transmitted and receivbd the two MEPSs in a poiftb-point MEG.
When using LMM/LMR PDUs, LMM frames are sent from a Controller MEP to a Responder
MEP, which in turn responds with LMR frames. LMk&mes can be sent to the unicast address
of the Responder MEP at the MEG Levetlod MEG.

The following is a list of the performanoeetricsdefined in MEF 1(B [12] that can bealculated
using the PM3 Solution
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1 Oneway Frame Loss Ratio Perinance FLR) (MEF 103 [12] section8.8.3

SeeAppendixE i Notes on the Applicability of PM8 Solutiong(Informative)for considerations
on the use of PM8 to measure loss.

9.4 PM-4: Dual-Ended Synthetic Loss Measurements

The PM4 Solution is an optional solution that useSL PDUs to measure performancé&his
solution uses DugtndedSynthetic loss measurement to measure the Frame Loss Ratio (FLR),
Availability, Group Availabilityand the count of High Loss Intervals (HLI, CHLI).

For the PM4 Solution using 1SL PDU®ne-way measurements from a Controller MBRatSink
MEP (in theForward direction) are takerbualEnded PM Sessiortsin beconfigured so that one
runs from MEP i to MEP j and another runs from MEP jto MEP i.

1SL frames can be unicast or multicaih multipoint MEGs use of multicast 1SL framesn
help to simplify PMSession configuration and reduce SOAM traffithis is further described in
Appendix Hi Notes orDualEnded PM Functionfinformative)

Like any synthetic measurement approach, a PM Session th&mualEndedSynthetic Loss
PM Functionneeds to generate enough SORM Frames to be statistically validAppendixD -

StatisticalConsiderations fo6SyntheticLoss Measurementlformative) contains further ifor-

mation withrespecto FLR, andAppendix Ji Statistical Considerations féwvailability contains
further information with respect to Availability

All Synthetic SOAM PMFrames need to be similar to tQeialified ServiceFrames carried by the
EVC or OVC. In particular, such SOAM PMrames must have repregative frame length and
be treated by the network elements between the MEPs in the same w@adlified Service
Frames are treatedn addition, it is important tha®ynthetic SOAM PMFrames be inserted irre-
spective of the load / congestion at thsertion point To do otherwise would bias measurements
away from instances of poor network performance.

The following is a list of the performance metrics defined in MEB [12] that can bealculated
for each ordered El pair in the set S using the4&blution:

1 Oneway Frame Loss RatiBerformanc€ MEF 103 [12] section8.8.3
1 Oneway Availability PerformancéMEF 103 [12] section8.8.9
1 Oneway ResiliencyPerformancéHLI, CHLI) (MEF 10.3 [12] section8.8.5

Oneway Group Availability Performancd MEF 10.3[12] section 8.8.6Jor a group of El pairs
can also be calculated.
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10. Common Requirements

This section provides requirements that are applicable to all of the PM Solutions that follow in
sectionsll (PM-1), 12 (PM-2), 13 (PM-3), and14 (PM-4). The requirements below provide for
the Life Cycle (starting, stopping etc.), Storage, OAM Domains, and MEP Placement.

Many requirements applytoraS OAM P M | mp | whiohaeaiets #otthie capabilities of an
NE that are required to support SOAM Performance Monitoring.

10.1 Life Cycle

The requirements of this section apply to the life cycle of a PM Session, and to the scheduling of
performance measurements conducted as parPdfl Session. Specifically, scheduling controls
when, how long, and how ofteneasurements will be taken f@PM Session.

10.1.1 General Overview of Parameters

The Performance Monitoring process is made up of a number of Performamseiig in
stancesknown asPM Sessioa A PM Sessions initiated on aController MEP to take perfor-
mance measurements for a gi&@AM PM CoSID and a given Responder/Sink MEP within the
same MEG. A PM Session can beged foreither Loss Measuremerdr Delay Measurement
depending on the PM Functiapplied

The PM Session is specified by several direct and indirect paramétgysneral description of
these parameters is listed below, with more detailed requirements provided elsewhere in the doc-
ument Note that not ewy parameter applies to every type of PM Session

1 Theend points are the Controller MEP and a Responder/Sink MEP.

1 The SOAM PM CoSD for the PM Sessiois chosen such that the performance of SOAM
PM Frames is representative of the performance oiQbalified Service Frames being
monitored. See secti@4 for further details

1 ThePM Function is any of the functions describedsation9 (for example loss measure-
ment, delay measurement, or synthetic frame loss measureredligcussion of the PM
Functions is provided iAppendix A- Performance Management Functions (Informative)

1 The Message Period is the SOAM Hvametransmission frequency (the time between
SOAM PM Frametransmissions).

1 The Start Time istte time that the PM Session begins.
1 The Stop Tme is the time thathe PM Sessioends

1 The Measurement Intervals are discrete,-oe@rlapping periods of time during which the
PM Sessiormeasurements are performed aesults are gatheredSOAM PM PDUsfor
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a PM Session are transmittedly during a Measurement Intervakey characteristics of
Measurement Intervals are the alignment to the clock and the duration of the Measurement
Interval. Measurement Intervals can be aligned to either the PM SessioiiiBe or to

a clock, such as the local tinod-day clock. The duration of a Measurement Interval is the
length of time spanned by a ntnuncated Measurement Interval.

1 TheRepettion Time s the timebetweerthe starttimes of the Measurement Intersal

For more details on the interaction between these parameters, rafgpdandixB i Life Cycle
Terminology (Informative)

Elastic Ethernet servicegs defined in MF 47[21]) allow subscribers to change attributes of

their services. They are able to change theMCEN map, the CoS Frame Set, and the CIR/EIR.

In the event that service attributes such asMCLBN ID or CoS Frame Set are changed, and there

is an active PM Session on that service, the active PM Session is stopped and deleted and a new
PM Session is created with the appropriate attributes.

10.1.2 Proactive and On-Demand PM Sessions

A PM Session can be claBsd as either a Proactive or an-Demand sessionA Proactive ses-

sion is intended to perpetually measure the performance betwekBtkBefor the givenSOAM

PM CoSID. An On-Demand session is intended to monitor the performance for some finite period
of time.

A Proactive session runs all the time once it has been created and started. Since the intent is to
provide perpetual performance measur ement, Pr
and a Stop Time of Af otedmtemudiplefixeMengts Measereneentt s ar
Intervals covering different periods of time. Measurement Intervals for Proactive sessions are
generally aligned to a clock, rather than the Session Start Time. Data is collected and a history of
data is storefbr a number of Measurement Intervals. Monitoring continues until the PM Session

is deleted

On-Demand sessions are run when needed, and a report is provided at the end. -Biece@uh
sessions are intended to cover some finite period of time, absohdlative Start and Stop Times

may be used if those values are known. Al ter
Time of Aforevero may be used (with the inten:
needed), especially ifthemort or i ng period is of unknown dur at
completedo.) Measurements may be gathered int

session duration, or multiple Measurement Intervals covering different periods of ifhen
multiple Measurement Intervals are used, then historical data from past Measurement Intervals
may or may not be stored on the device. In addition, Measurement Intervals may be aligned with
the session Start Time or aligned with a clock
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10.1.3 Create

A PM Ses3n has to be creatdmbfore it can be startedrhis applies for botlt©n-Demand and
Proactive PM Sessions. In orderd®@atea PM Session, a PM Function must be assigned to the
PM Session.Requirements relating to specific PM Functions are foursdationsl1, 12, 13, and

14.

[R1] A SOAM PM ImplementatioMUST supportmultiple concurrent PM Sessions
to the same destination, regardless ofs#téing of other parameters for the PM
Sessions, and regardless of whether the PM Sessions use the same or different
PM Functions

Multiple PM Sessions using the same PM Function could be used, for example, to monitor differ-
ent SOAM PM CoS IDs (and hencesasure performance for different CoS FSs), different frame
lengths, or to support both Proactive and@smand sessions. Multiple PM Sessions using dif-
ferent PM Functions could be used, for example, to monitor bothdosglsdelayrelated perfor-
mance meics concurrently.

[R2] A SOAM PM ImplementationMUST provide a way to indicateo the
EMS/NMSwhether a PM Session is Proactive or@&mand.

10.1.4 Delete

The requirements of this section apply to the deleticmn®M Session

[R3] A SOAM PM ImplementationMUST support tle capability todeletea PM
Session.

[R4] After aPM Session igeleted further SOAMPM Frames relating to the session
MUST NOT be sent.

[R5] After a PM Session is deletedyther measurements associated witrdigleted
PM SessioMUST NOT be made.

[O1] Before the data froradeletel PM Session is lost, a SOAM Plvhplementation
MAY issue a report (similar to the report that would happen when Stop Time
is reached).

[R6] After a PM Session is deleted| the stored measurement data relating to the

deletedPM SessionMUST be deleted.

Note: a PM Session may be deleted at any point in its lifecycle, including before it has started.
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10.1.5 Start and Stop

Whena PM Sessiois started, it can be specified to start immediately, or be scheduled to start in
the future.

[R7] For Proative PM Sessions, the Start TilkBJST be fimmediate.

[R8] For OrDemand PM Sessions SSOAM PM ImplementatioMUST support a
configurableStart Time perPM Session The Start Time can be specified as
fimmediat®, asan offset from the current time, asa fixed absolute time in
the future

An offset from the current time (i.e., a "relative” time) could be specified as a given number of
hours, minutes, and seconds from the current.tifaéxed absolute time could be specified as a
given UTC date and tim

[D1] For OnDemand PM Sessiondid defaultStart Time SHOULD be fimmedi-
ateo.

The following requirements apply to stopping of a PM Session.
[R9] For Proactive PM Sessions, the Stop TMeSTb e #Af or ever 0.

[R10] For Ondemand PM Sessions S®OAM PM ImplementatiorMUST support a
configurableStop Time perPM Session The Stop Time can be specified as
fiforevelo or asan offset from the current time.

An offset from the current time (i,ea refatived time) could be specified as given number of
hours, minutes, and seconds from 8tert Time.

[R11] For Ondemand PM Session$tle Stop Time isspecified as an offset from the
StartTime, then theStop Time MUST be equal to or greater than tiessage
Period of thePM Session.

[D2] For Onrdemand PM Sessionse defaultStop TimeSHOULD be"forever'.

[R12] A SOAM PM ImplementatioMUST support stopping a PM Sessiby man-
agement actiorprior to the Stop Time being reached

[R13] After a PM Session istopped, whether by reaching the scheduled Fime
or by other meandurther SOAM PM Framegelating to the sessioMUST
NOT besent

[R14] After a PM Session is stopped, the stored measurements relating to the PM Ses-
sionMUST NOT be deleted.
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Note: a PM Session cannot be restarted once it has been stapfiad,would make it difficult to
interpret the results. Instead, a new PM Session can be started.

10.1.6 Measurement Intervals

For the duration of a PM Session, measurements are paditioteefixedlength Measurement
Intervals. The length of the period @ime associated with a Measurement Interval is called the
duration of theMeasurement IntervalTheresults ofthe measurementare captured in Meas-
urement IntervaData Set. The results in a Measurement Interval DatarBedtored separately

from the results of measurements performed during other Measurement Intértgdssection
contains requirements pertaining to Measurement Intervals in the Life Cycle of the PM Session.
Requirements pertaining to storage of Measurement IntBiata Sets areofind underStorage
(section10.2).

[R15] A SOAM PM ImplementationMUST support a configurable duration for
Measurement Inteals.

[R16] A SOAM PMImplementatioMUST support a Measurement Interval with du-
ration of 15 minutefor Proactive PM Sessions

[R17] A SOAM PM ImplementatiorMUST support Measurement Intervals with a
duration of between 1 minute and 15 minutes (in 1 minute increjrientSn
Demand PM Sessions.

[D3] The default Measurement Interval duration for-Demand PM Sessions
SHOULD be 5 minutes.

10.1.7 Repetition Time

For each PMBession, a Repetition Time can be specified if it is not desirable to perform measure-
ments continuously. If the Repetitidime isfinone, then a new Measurement Interval is started
immediately after the previous one finishes, and hence performance neasssre made con-
tinuously. If a Repetitiofime is specified, a new Measurement Interval is not started until after
RepetitionTime has passed since the previous Measurement Intstiavdéd During the time
between the end of the previous Measurer@etval and the start of the next one, no SORM

Frames are senby the Controller MERelating to the PMBession, and no measurementsiare

tiated Note that Responder MEPs may send SOAM PDUs during the time between two Meas-
urement Intervals in respsa to SOAM PDUs that may have previously been sent by the Control-
ler MEP.

[R18] A SOAM PM ImplementatioMUST support a configurablRepetition Tme
per PM Session The Repetition Tme can be specified @mone or as a re-
peating time interval.
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A repeating timenterval (i.e., aelative timg could be specified asvery given number of hours,
minutes, and seconds from t8e&rt Time.

[D4] The defaultRepetition Tme SHOULD be finone.

[R19] If the Repetition Time is a relative time, the time specif8dST be greater
thantheduration of theMeasurement Interva

[R20] During the time between two Measurement Intervals, SGANFrames relat-
ing to thePM SessiorMUST NOT be senby the Controller MEP

10.1.8 Alignment of Measurement Intervals

The followingrequirementgertain to the alignment of Measurement Intervals with irlday
clock or PM Sessioftart Time.

[D5] A SOAM PM ImplementationSHOULD by default align the start afach
Measurement Intervabther than the first Measurement Interead,a boundary
of the lo@l time-of-day clock that is divisible by the duration of the Measure-
ment I nterval (when Repetition Ti me

[D6] A SOAM PM ImplementationSHOULD by default align the start adach
Measurement Intervabther than the first Measurement Interead,a baindary
of the local timeof-day clock that is divisible by the Repetition Time (when
Repetition Time is not Anoneod) .

When Measurement Intervals are aligned with the ToD clockStiwe Time of a PM Session
might not correspond with the alignment boundalhy.this case, the first Measurement Interval
could be truncated Further examples can be foundAppendixB i Life Cycle Terminology
(Informative)

[D7] A SOAM PM ImplementatiorSHOULD allow for no alignment to the tirae
of-day clock.

[D8] A SOAM PM ImplementatiorSHOULD support a configurable (in minutes)
offset from ToD time for alignment of the start of Measurement Inteivier
than the first Measurement Interval

For example, if the Measurement Interval is 15 minutes and the Repetition Tiimerie and if

ToD offset is 5 mintes, the Measurementtiervals would start at 5, 20, 35, 50 minutes past each
hour.

10.1.9 Summary of Time Parameters

Possible values for the time parameta®es summarized in the table betow
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Attribute Possible Values PM Session Type

Start Time flmmediat® (default) Proactive or OfDemand
Relative Time On-Demand
Fixed Time On-Demand

Stop Time fiForeveb (default) Proactive olOn-Demand
Relative Time On-Demand

Repetition Time fiNoneo Proactive olOn-Demand
Relative Time Proactive oilOn-Demand

Table 471 Time Parameters

10.2 Storage

The requirements of this section apply to storage of performance measuremeniatesultisiring
Measuremenintervals usingcounters oMeasuremernBins (for somalelayrelated parameters)
Performance measurements are steegghratelyor eachMeasurement IntervalA Measurement
Bin is a counter, ancecords the numbeaf performance measurements falling within a specified
range. Figurel0i Example ofMeasurement Intervals and Bifbelow) is an example that illus-
trates the relationship betwekteasuremerniintervals andleasuremenBins:

Interval #1 Interval &2 Interval #3
(t+0min) (t+ 15 min) (t+30 min)

FD Bin #0 FD Bin #0 FD Bin #0
FD Bin #1 FD Bin #1 FD Bin #1
FD Bin #2 FD Bin #2 FD Bin #2

FD Bin #3 FD Bin #3 FD Bin #3

MFD MFD MFD

Figure 107 Example of Measurement Intervals and Birs

Figurellshows an example of a MEP running a Sivigieled Synthetic Loss PM Function using
SLM/SLR. It measures loss, separately for each direction.
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Interval #1 Interval #2 Interval #3
(t+ 0 min) (t+ 15 min) (t+ 30min)
FLR FLR FLR
(forward) (forward) (forward)
FLR FLR FLR
(backward) (backward) (backward)

Figure 117 Example of FLR Measurements

10.2.1 Measurement Interval Data Sets

The following requirements apply to tlséorage othe results of FDFDR, MFD, IFDV, FLR,
Availability or Resiliencyperformance measurements conducted between a given source and des-
tinationpair of MEPs (i.e., ME)for a given PM Sessiagturing a given Measurement Interval

Note that specific requirements relating to geformance parameters that must be storeal in
Measurement Intervare enumerated on a per PM Function basis in sec®ris3, 13and14.

[R21] A SOAM PM ImplementationMUST store measurement data farcurrent
Measurement Intervalnd at leas8 hours ofhistoric measurementata(cap-
tured per Measurement Intervédy a given data setf a Proactive PM Session

[D9] A SOAM PMImplementatiorSHOULD store measurement data focurent
Measurement Intervaind at leas24 hours ohistoric measuremeidata(cap-
tured per Measurement Intervédy a given data setf a Proactive PM Session

[D10] A SOAM PM ImplementatiorSHOULD store measurement data for a current
Measurement Interval and kast 8 hours of historic measurement data (cap-
tured per Measurement Interval) for a given data set of aDémand PM Ses-
sion.

[R22] A SOAM PMImplementatiotMUST record thevalue of the local timef-day
clock in UTC at thescheduledtart ofthe Measuremeninterval

[R23] A SOAM PM ImplementatioMUST record the value of the local tired-day
clock in UTC at theschedulednd of theMeasurement Interval

[R24] A SOAM PM ImplementationMUST support an elapsed tim@unterper
Measurement IntervaWwhich records the nureb of seconds that have elapsed
since theMeasurement Intervdlegan.

[D11] A SOAM PM ImplementatiorSHOULD support synchronization of the local
time-of-day clock with UTC to within one second of accuracy.
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[R25] A SOAM PMImplementatioMUST record the results of a ngpleted perfor-
mance measuremeas belonging to the Measurement Interval Data Set for the
Measurement Intervah which the performance measurement was initiated.

[R26] For SingleEnded measurement, S$OAM PM response frameeceived by the
Controller MEPmore tlan 5 seconds after the end of Measuremeninterval
in whichthe corresponding SOAM PM request frame was transmitie® T
be discarded and considered lost.

Note: For DuaEnded measurements, in some cases the Sink MEP cannot determine reliably the
Measuement Interval in which a received frame was initiated by the Controller MEP.

10.2.2 Measurement Bins

The following requirements apply to the useMéasuremenBins for recording the results of
delayperformance measurementhich can be used to determine conformance to FD, IFDV, and
FDR objectivesconducted between a given source and destinMIeR for a given PM Session
during aMeasurement Interval

When using SingkEnded Delay MeasuremenDHFDV and FDRcan bemonitoredusing Two-

way measuremenisand/orusingOne-way measurements the Forward andor Backward direc-

tion. When using DuaEnded Delay MeasurementDFIFDV and FDRcan be monitored using
Oneway measurements in the Forward direction ofiilye particulaFD measurements supported

in a SOAM PMImplementation depend on the PM Solutions supported and on NE capabilities
(e.g., timeof-day clock synchronization between Controller and Responder.) The following re-
guirements apply to each FD measurement support@@&OAM PMImplementation.

[R27] A SOAM PM ImplementatiorMUST support a configurable numbef FD
Measurement BmperMeasurement Interval

[D12] For aSOAM PMImplementation,he default numbesf FD Measurement B
per Measurement Interv@HOULD be 2.

[R28] A SOAM PMImplementatioMUST support at least ED Measurement Bis
per Measurement Interval

[D13] A SOAM PM ImplementatiorSHOULD support at least 1BD Measurement
Bins per Measurement Interval

The following requirements apply to eddDV or FDR measurement supported in a SOAM PM
Implementation

[R29] A SOAM PMImplementatioMUST support a configurable numberI¢iDV
Measurement BmperMeasurement Interval

[D14] For aSOAM PM Implementation, e default numbeof IFDV Measurement
Bins per Measurement latvalsupportedSHOULD be 2.
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[R30] A SOAM PM ImplementatiorMUST support at least BFDV Measurement
Bins per Measurement Interval

[D15] A SOAM PM ImplementatiorSHOULD support at least 1IFDV Measure-
ment Birs per Measurement Interval

[R31] A SOAM PM ImplementatiorMUST support a configurable number of FDR
Measurement Bins per Measurement Interval.

[D16] For a SOAM PMImplementation, the default number of FDR Measurement
Bins per Measurement Interval suppor&dOULD be 2.

[R32] A SOAM PM ImplementationMUST support at least EDR Measurement
Bins per Measurement Interval.

[D17] A SOAM PMImplementatiotsHOULD support at least 2IBDR Measurement
Bins per Measurement Interval.

Note that to support binning, each FDR measurement is normalized by subtracting the estimated
minimum of eachMeasurement IntervdseeAppendix G: Normalizing Measurements for FDR
(Informative)

The following generalleasurement Birequirements apply. Each bin is asstexawith a specific
range of observed deladyDV or FDR Bins are defined to be contiguous, and each is configured
with its lowerbound Because the bins are contiguous, it is only necessary to configure the lower
boundof each bin. Furthermore, the lowest Erassumed to alwaysave alower boundof O,

and the highest bin is assumed to have an uppendo f D .

Note:All values for IFDV, FDR and Twavay FD are positive by definition. Values for Gmway

FD can be negave if there is no ToD synchronization, and such measurements would not match
any Measurement Bin as defined above; however, in this case takingaymd® measurements

is not recommended except for the purpose of finding the miniFidfor normalizaion of FDR,
andfinding the minimum FD does not require Measurement Bins.

A Measurement Bilis associated with a single counter that can take omagative integer val-
ues. The counter records the number of measurements whose value falls within the ragge rep
sented by that bin.

[R33] A SOAM PMImplementatioMUST support a configurablewer boundfor
all but the firstMeasurement Bin

[R34] The lower boundfor eachMeasurement BiMUST be larger than thiower
boundof the preceding/leasurement Bin

[R35] The unit for dower boundMUST be in microseconds (us).

[R36] Thelower boundof the firstMeasurement BiMUST be fixed to Ous
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[R37] Measured performancaluesthataregreater than or equal to tlever bound
of a given bin and strictly less than tleever boundof the next bin (if any),
MUST be counted in tha&and only thabin.

[D18] The defauliower boundior aMeasurement BiSHOULD be an increment of
5000us larger than thiswer boundof the precedingleasurement Bin

For example, fouMeasurement Bmgives tle following:

Bin Lower Bound Range
bin 0 O us 0 Os O measur ement
bin 1 5,000 ps 5,000 Os O measur
bin 2 10,000 ps 10,000 Os O measu
bin 3 15,000 ps 15,000 Os O measu

Table 57 Example Measurement BinConfiguration

[R38] EachMeasurement BirtounterMUST be initialized to O at the start of the
Measurement Interval

10.2.3 Volatility

The following requirement applies to the volatilitystbrage foMeasurement Inteal data

[D19] A SOAM PMImplementatiorin an NESHOULD storethe data foeach com-
pletedMeasurement Intervah local nonvolatile memory.

The set of completetMeasurementntervalswhose data is store@presents a contiguous and
moving window over time, where tliata from theldest historicaMeasurement Intervas aged
out at the completion of the currdiieasurement Interval

10.2.4 Measurement Interval Status

The following requirements apply godiscontnuity within a Measurement IntervalConditions
for discontinuity include, but are not limited to, the following:

1 Loss of connectivitypetween the Controller MEP and the Responder or Sink MEP.

1 Persection 10.1.6.1 of ITWT G.771(06], the local timeof-day clock is adjusted by at least
10 seconds.

1 The conducting of performance measuremenssarted part way through adslsurerant
Interval (in thecase that Measurememitérvals are not aligned with tisart Time of the
PM Session).
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1 The conducting of performance measurements is stopped before the Measarement
Intervalis completed.

1 Alocal test, failure, or reconfiguration disrupts senacethe EVCor OVC.
1 Maintenance Intervakée MEF 103 [12])

[R39] A SOAM PMImplementatioMUST support eSuspect-lag perMeasurement
Interval

[R40] The SuspectFlag MUST be set to fals€0) at the start of theurrentMeasure-
ment Interval

[R41] A SOAM PM ImplementationMUST set theSuspectFlag to true(1) when
there is a discontinuity in the performance measurements conducted during the
Measurement Interval

Note: Loss of mesurement frames does not affect whetherQiepectFlag is set.

[R42] The value of the Suspect Flag for a Measurement Int8f8T always be
stored along with the other results for that Measurement Interval when that
Measurement Interval's data is moved to history.

10.2.5 Measurement Behavior During Unavailable Time and Maintenance Intervals

Measurements of Performance do not apply duriagndnance Interval8y definition (see MEF
10.3[12]), measurementbat occumwithin a Maintenance Interval must not be included in perfor-
mance metric calculmns. When a Measurement Interval lies completely within a Maintenance
Interval, its data must be ignored. If a Measurement Interval lies partly within and partly outside
of a Maintenance Interval, its data must be marked suspect. Whether this iy do@éE or by

an EMS is not specified by this document.

During norMaintenance Interval time, measurements of Performance apply divaitable
Time. This means that if Availability is measured for a gh@@AM PM CoS ID on an ME,
during Unavailable Tine for that SOAM PM CoS ID, measurements pérformancemetrics for

that sameSOAM PM CoS ID (other than Availability) are to be excluded, so such impairments
are not double counted. Availability evaluated per Maintenance Entity (ME), because a single
NE does not necessarily have visibility of all MEs within the MEG.

However,whethera Maintenance Entity is iAvailable Time or Unavailable Timéor a given
SOAM PM CoS ID cannot be determineghtil a period ofn set(the Availability Window) has
passed, whereetis a small time interval (e.g., 1 second), and the number of consecutizet
intervals over which Availability transitions are assessed, as defirsedtion8.8.4of MEF 103
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[12]*. Therefore, a PM implementation that is measuring Availability f80&M PM CoS ID

must store not only the running count of measurementdaaduremerBins, but also must store
information for eacflze twithin the Availability Window, so the information used in calculating
performance metrics can be included/ excluded
SOAM PMCoS ID.

Correcting the FLRerformancenetricto accountdr Unavailable Timés of primary importance.
Correcting for delayelatedperformancenetrics is secondary.

[R43] For dl gptintervak thataredetermined to bévailable for a given SOAM PM
Cos ID on ggivenME, aSOAM PMImplementatioMUST include measure-
mentsfor thosegtintervak in all performance metrics, in any PM Session for
the same SOAM PM CoS ID and ME.

[R44] For dl gptintervak that aredetermined to b&navailable for a given SOAM
PM Cos ID on g@ivenME, aSOAM PMImplementatio™MUST exclude meas-
urements fothoseqtntervak from performance metrics for FLR, in any PM
Session for the same SOAM PM CoS ID and ME.

[D20] For dl gptintervak that aredetermined to b&navailable for a given SOAM
PM Cos ID on gyivenME, a SOAM PM Implementattn SHOULD exclude
measurements fahoseqtntervak from performance metrics other than FLR
and Availability, in any PM Session for the same SOAM PM CoS ID and ME.

[R45] If a SOAM PM Implementation does not conform[R0], then for allgptin-
tervals that are determined to be Unavailable for a given SOAM PM CoS ID on
a given ME, itMUST include measurements for thogintervals in perfor-
mance metrics other th&LR and Availabilityin any PM Session for the same
SOAM PM CoS ID and ME.

Measurements are always collected during Available Time for all performance metrics, and meas-
urements are always excluded during Unavailable Time for FLR. Excluding measurdomengs
Unavailable time for other performance metrics is also recommended; however, if measurements
are not excluded then all measuremdatcept FLR)are included. In this last case, the SOAM

PM Implememation need not distinguish between Available &iand Unavailable Time when

taking measurements for metrics other than FLR, since all the measurements are included either
way. This eliminates possible issues with aligning Mls between PM Sessions for FLR and for
other metrics.

When correcting for Unaviaible Time, he correction also applies when transitioning between
Available and UnavailableThat is, if the current state for a given SOAM PM CoS ID on an ME

is Available, anch  imgérvals occur in which the Availability threshold is crossed, thestthte

is changed to Unavailable. In this case, thoseisgérvals are determined to be Unavailable and

the measurements for them are excluded from the performance metrics for that SOAM PM CoS

4n consecutive intervals of loss > C are required to transition from the Available to the Unavailable statmnand
secutive intervals of loss < C are required to transition from the Unavailable to the Available state. See sdction 8.8.
of MEF 10.3[12] for the authoritative discussion.
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ID and ME. Similarly, if the current state is Unavailatdedn  estervals occur in which the
Availability threshold is not crossed, then the state is changed to Available. In this case, those
aetintervals are determined to be Available and the measurements for them are included in the
performance metrics.

A direct consequence of taboverequirements is that the current counts Measuremeriinter-
val cannot be moved into history until an intervalipfton lbas passed.

Other direct consequences are that:

1 A SOAM PM Implementation that is measuring Availability and FLR for a giS&AM
PM CoS ID on an ME will need to support the ability to store feRited counters for that
SOAM PMCoS ID and ME fon previousee tintervals.

1 A SOAM PM Implementation that is measurifyailability and performancemetrics
other than FLR oAvailability for aSOAM PMCoS ID will need to suppothe ability to
store measurements for tf&DAM PM CoS ID and ME fon previousee tintervals

Note that it is not specified how a SOAM Hiiplementation stores measurements; e.g., it may
store all raw measurements, store a separate set of counters fegfemalse other approaches.

Figure12 shows me example of the impact of arvailability state change on the Measurement

Interval counters. In this examptes10,ad=1sand the frame interval is 100m$he figure shows
counts of SLMs sent and received i n tfhe dmd wal
ftb 0 r espect i v eplintejvalsjas well ds¢he toanss bf SUM3 sent and received and

the counts ofptintervals evaluated as Ailable or Unavailable in the current Measurement Inter-

val. Noteagainthatstoring separate counters for the laspintervals as shown in the figurés

just an example, and other implementations are possible.

In this example, e last 10 consecutivgptintervals(between 30s and 40s after the start of the
Measurement IntervaBxperience sufficient frame loss that the Availability state changes from
Available to Unavailable in both the forward and backward directions. The count of frames trans-
mitted and receiveds decremented by the number of frametast 10 gptintervak (for instance

by 100in the case of SLMs transmitted in the forward direction). In additi@count ofUna-
vailablegtntervalsincreasedrom 0 to 10 and theount of Availalte gptintervals decreasdsom

40 to 30.
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-10 At -2 At -1 At
Xmt-f 10 Xmt-f 10 Xmt-f 10
Availability Rev-f 4 Rev-f4 Rev-14
Counters
Xmt-b4 Xmt-b 4 Xmt-b 4
Rev-b 1 Revb 1 Revb 1
Current Interval Before Current Interval After
State Change State Change
SLM xmt-f 400 SLM xmt-f 300
SLM rev-f 340 SLM rev-f 300
Measurement
Interval SLR xmt-b 340 SLR xmt-b 300
Counters SLR rev-b 310 SLR rev-b 300
Unavail-f0 Unavail-f 10
Avail-f 40 Avail-f 30
Unavail-b 0 Unavail-b 10
Avail-b 40 Avail-b 30

Figure 127 Example ofadjusting Measurement Countersduring transition from Available
to Unavailable

Figure13 showsan example of the change from Unavailable t@ifable state. In this case, the
Unavailale state lasted for®dseconds. After 10 consecutiyEintervalswith the number of lost
frames below theAvailability threshold, the Mailability state transitions from Unavailable to
Available. When this occurs theansmited and received frame counters are incremented by the
number of frames sent or received in the 10 consecqiiigervals(for instanceby 100in the
case of SLMdransmittedn the forward direction). In additipthecount of Unavailableptnter-
valsdecreases frord0 to 4 and the count of Availablg tintervals decreases fro80 to 40.
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-10 At -2 At -1 At
Xmt-f 10 Xmt-f 10 Xmt-f 10
Availability Rev-f9 Rev-f9 Rev-f9
Counters |
Xmt-b9 Xmt-b9 Xmt-b 9
Rev-b 8 Rev-b 8 Rev-b 8
Current Interval Before Current Interval After
State Change State Change
SLM xmt-f 300 SLM xmt-f 400
SLM rev-f 300 SLM rcv-f 390
Measurement
Interval SLR xmt-b 300 SLR xmt-b 390
Unavail-f 50 Unavail-f 40
Avail-f 30 Avail-f 40
Unavail-b 50 Unavail-b 40
Avail-b 30 Avail-b 40

Figure 131 Example ofadjusting Measurement Countersduring transition from Unavaila-
ble to Available

Note that the information stored for eagelis not reported to the EMSThe MEP PM implemen-
tation just uses it locally to perform any necessary adjustmettis tmunters during transitions.

10.3 OAM Domains

The following requirementprovide information about OAM &mains.
[R46] A SOAM PMImplementatioMUST supporteEVC MEG.
[R47] A SOAM PMImplementatioMUST support Service ProviddEG.
[R48] A SOAM PMImplementatioMUST supportOperatorMEG.
[R49] A SOAM PMImplementatioMUST support ENNIMEG.
[O2] A SOAM PMImplementatioMAY support SubscribeviEG.
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[O3] A SOAM PMImplementatioMAY support UNIMEG.

Note: SOAM PM using the EVC MEG or the Operator MEG may be used to evaluate conformance
to an SLS for an EVC or OVC respectively, as defined in MEF [I2Band MEF 26.1[18].

SOAM PM using these or other MEGs can also be used for informational purposes, as described
in section6.3.

10.4 MEP Placement

Section8.2.1describes the location of measurement points for loss measurententollowing
requirements are provided to point out where the MEPs need to be placed in order to support
accurate loss measurement.

[R50] On a UNEN, the MEPMUST be placed between tiighernet Subscriber Con-
ditioning Function ESCH and theEthernet ECS Adaptation Functi(BEAF).

[R51] On an ENNI, the MERMUST be placedetween th&thernet Provider Condi-
tioning Function EPCH and theEthernet EC Interworking FunctiokEIF).

10.5 Threshold Crossing Alerts

Performancehresholds, and corresponding Threshold Crossing Alerts (TCAshecaonfigured

for certain performance metrics, and used to detect when service performance is degraded beyond
a given preconfigured level Thresholds are always specific to a particylarformancemetric

and a particular PM SessioWhen the measurgqeerformance in a Measurement Interval for that
session reaches or exceeds the configured threshold level, a TCA can be generated and sent to an
Element Management System (EMS) or Network Management System (NMS).

In normal operation, performance datzadlected from an NE by the EMS/NMS either periodi-
cally (eg. once an hour) or edemand TCAs can be used as warning notifications to the
EMS/NMS of possible service degradation, thus allowing more timely action to further investigate
or address the prtgm For example, if the maximu®ne-way FD threshold was set to 10ms,
and aOne-way FD value was measured at more than 10ms, a TCA would be generated.

[O4] A SOAM PM ImplementatiorMAY support Threshold Crossing Alert func-
tionality as described in sectidi©.5.1 10.5.2and10.5.3

The requirements in the following subsections only apply if TCA funatignis supported.

10.5.1 TCA Reporting

Thresholds and associated TCAs are specific to a particular performance metric in a given PM
Session There are two types of TCA reporting: stateless and statéfith stateless reporting, a

TCA is generated in each Measurement Interval in which the threshold is cré8gbdstateful
reporting, a SET TCA is generated in the first Measurement Interwahich the threshold is
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crossed, and a CLEAR TCA is subsequently generated at the end of the first Measurement Interval
in which the threshold is not crossed.

Note: In ITUT G.7710[6] terminology, stateless TCA reporting corresponds to a transient condi-
tion, and stateful TCA reportingprrespond$o a standing condition.

Regardless of the type of TGAporting(stateless or stateful), it is not desirable to generate more
than one TCA for a given threshold during each Measurement Interval, as to do otherwise could
cause unnecessary load both on the NE and on the EMS/NMS receiving the TCAs.

Thresholds and TCAs aronly defined for certain performance metrics, as described in section
10.5.2 Note that all of thesperformancenetrics have the property that the value cadectease
during a given Measurement Interval.

The process that takes a given threshold configuration for a given performance metric in a given
PM Session and generates corresponding TCAs is termed a TCA FunctidtipleM CA Func-

tions withdifferent thresholdvalues can be configuretbr the samd®M Session anderformance

metric, so that TCAcan be generated for different degrees of service degrad#¥ioere multiple

TCA Functionsare configured, corresponding TCAs are generated independently fof @ach
Function

10.5.1.1 Stateless TCA Reporting

The stateless TCA reporting treats each Measurement Interval sepak&tedy using stateless
TCA reporting, each TCA Function has a single configured thresiadoon ashethreshold is
reached or crossed in agllsurement Interval for a given performance metric, a TCA is generated.

The following figure illustrates the behavior of stateless TCA reporting.
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TCA (MI#2)

TCA (MI#1)

Threshold

value

L J

Time

|
MI #1 MI #2 MI #3

MI = Measurement Interval

Figure 1471 Stateless TCA Reporting Example

As shown in the example Figurel4, in Ml #1, the measured performance value (e.g., Maximum

Frame Delay) crosses the corresponding threshblfeerefore a TCA igeneréedfor Ml #1 In

MI #2, thisthreshold is crossed agaiAnother TCA is generated for Mi2. In Ml #3, the meas-

ured performance val udhec @acsTEAforthat peafarrnance medrict hr e |
for MI #3.

10.5.1.2 Stateful TCA Reporting

Stateful TCA reporting is another optidor how TCAs are generated, that can reduce the total
number of TCAs The intent is to provide a notification when a degradation is first encountered,
followed by another when the problem is resolvddhis contrasts with stateless TCA reporting,

in whichTCAs are generated continuously for as long as the degradation lasts.

When using stateful TCAeporting each TCA Function hasvo configuredthresholds: a SET
threshold and a CLEAR threshol@ihese may be the same, or the CLEAR threshold may be lower
thanthe SET threshold he TCA Function also has an interna

The TCA Functionbegins in the ‘clear' staté\ SET TCA is generated in the first Measurement
Interval as soon as the SET threshold is reached or exce&tled CA Functionis then consid-

ered to be in a 'set’ state, and no further SET TCAs are generated in thithstaieh subsequent
Measurement Interval in which the CLEAR threshold is reached or exceeded, no TCA is gener-
ated At the end of the first Mesurement Interval in which the CLEAR threshold is not reached
or exceeded, a CLEAR TCA is generated, andlfbA Functionreturns to the ‘clear' stat&hus,

each SET TCA is followed by a single CLEAR TCA.
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The following figure shows an example of statéfCA reporting. In this example, the CLEAR
threshold is equal to the SET threshold.

TCA CLEAR

TCA SET |

value

Time

]
| I |
MI #1 MI #2 MI #3

Ml — Measurement Interval
Figure 1571 Stateful TCA Reporting Example

In the example, a SET TCA is generated indll In MI #2, the threshold is crossed again but no
SET TCA is generated because a SET TCA had been generatedtin Ml #3 is the first sub-
sequenMeasurement Intervahat the measured performance value is below the CLEAR thresh-
old. A CLEAR TCA is generated at the end of W3.

10.5.2 SOAM PM Thresholds for TCA

TCAs are useful for some performance metrics but may not be meaningful for gthisrsection
describes which performance metrics are required and how to support TCAs.

For performanceametrics that us&leasuremenBins, thresholds are defined in teymof an Upper
Bin Count (UBC) The Upper Bin Count of bin k is the total of the counts for bins k and above,
i.e. UBC(k) = count of bin (k) + count of bin (k+1) + ... + count of bin (n), where n is the last bin.

To configure a threshold, both the Innmber, k, and the total count, N, need to be specitied
is represented as (N,.kA threshold (N, k) is considered to have been crossed when UBC(k) >=
N. Figurel6illustrates how a threshold is configured using bins.
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Bin#4 (V,<v)

Bin#3 (V;=sve V)

S5LA Measurement Bins. . Threshold (N, k) where

Visarethe specified  _ Bin#2 (V,sv<V3) k=3. The thresholdis
range values for the crossed when UBC(3) >=

bins. Bin#1 (V,<v<V,) N, ie. count(Bin#3) +

count(Bin#4)>=N.
Bin #0 (v< V)

S

Figure 167 Upper Bin Count for Threshold Crossing

Most performance metrics, such as Frame Delay, are defined only during Avdilatae TCAs

are, by definitionalertsi that is, they alert the user to something unexpected, but don't necessarily
indicate that a fault has occurred. Therefares acceptable to keep generating them even if the
service becomegnavailable; in particular, it is not necessary totviai n ae tafter the threshold
crossing is detected before generating a TCA in case the service becomes Unavailablae {where
isasmalltime intervalandni s t he numbeedbsfrequnseredtivehave
the service is declared Unaladble i see MEF 1@ [12]). The receivers of the TCAs, e.g.,
EMS/NMS, may use the combined information of TCAs and Availability state change notifica-
tions to deae what actions to take.

The following table lists the applicable performance metrics that support. i@ Aach case, both
One-way, and where applicabl&wo-way performancemetrics can be used he table describes

in each case the parameters that rhestonfigured for the threshold, and the definition of when
the threshold is crossedror stateful TCAreporting the "SET" thresholds and "CLEAR" thresh-
olds are defined in the same way (although the configured values may be different).

Performance Metric Configured Threshold Cross- Notes
Threshold ing Detection
Oneway FD in the Forward Oneway UBC(k) >= Forward | Using Measurement
Forward direction (Nrp, K) Oneway Nep Bins. Requires ToD
sync
Oneway Maximum FD | ForwardOneway Max FD >= Forward | Requires ToD sync
in theForward direction | Vmaxrp Oneway Viaxrp
Oneway FDR in the Forward Oneway UBC(k) >= Forward | Using Measurement Bin
Forward direction (Nror, K) Oneway Nepr
Oneway Maximum FDR | Forward Onewvay Max FDR >=
in theForward direction | Vmaxror Forward Onewvay
V maxFDR
Oneway IFDV in the Forward Oneway UBC(k) >= Forward | Using Measurement Bin
Forward direction (NiFov, K) Oneway Nepv
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Performance Metric

Configured
Threshold

Threshold Cross-
ing Detection

Notes

Oneway Maximum
IFDV in the Forward
direction

Forward Oneway
V maxiFDv

Max IFDV >=
Forward Oneway
V maxiFDv

Oneway HLI in the
Forward direction

Forward Oneway
NHL

HLI count >=
Forward Oneway
NHL

Oneway CHLI in the
Forward direction

Forward Oneway
NcHu

CHLI count >=
Forward Oneway
NcHui

Oneway FD in the

Backward Onavay

UBC(k) >= Backward

Using Measurement

Backward direction (Nrp, K) Oneway Nep Bins. Requires ToD
sync
Oneway Maximum FD | Backward Onavay | Max FD >= Requires ToD sync

in theBackward direction

VmaxFD

Backward Onavay
VmaxFD

Oneway FDR in the
Backward direction

Backward Onavay
(Nrpr, K)

UBC(k) >= Backward
Oneway Nepr

Using Measurement Bin

Oneway Maximum FDR
in theBackward direction

Backward Onavay
V maxFDR

Max FDR >=
Backward Onavay
V maxFDR

Oneway IFDV in the
Backward direction

Backward Onavay
(Nirpv, K)

UBC(k) >= Backward
Oneway Nrpv

Using Measurement Bin

Oneway Maximum
IFDV in the Backward
direction

Backward Onavay
V maxiFov

Max IFDV >=
Backward Onavay
V maxiFov

Oneway HLI in the
Backward direction

Backward Onavay
NHLI

HLI count >=
Backward Onavay
NHL

Oneway CHLI in the
Backward direction

Backward Onavay
NcHui

CHLI count >=
Backward Onavay
NcHui

Two-way FD

Two-way (Nep, K)

UBC(k) >= Twoway
Nro,

Using Measurement
Bins.

Two-way Maximum FD

Two-way Vmaxep

Max FD >= Twoeway
V maxFD

Table 67 SOAM Performance Metrics TCA

Note that not all performance metrics are listed @ble6. They are either not suitable or not
necessary For example:

1 MFD 1 MFD is a performance metric measuriagaverage and thus a poor metric for
immediate attention, compared to FD, FDR drV.
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1

FLRT FLR is a performance metric for long time period and thus not suitable for immedi-
ate action, compared to HLI and CHLI.

1 Availability and Group Availabilityi Since Availability state transition reporting is re-
quired (R83] and[CR63]), having a TCA would be redundant.

If TCA functionality is supported, the folleing requirements are applicable for a SOAM PM
Implementation:

[CR1]< [O4] A SOAM PM ImplementatiorMUST support pemperformancemetric,
per PMSession configuration oFCA Functions and associated threshpids
ing the parameters describedrliable6, for the followingperformancemetrics

1 Oneway FDR in the~orward direction

One-way maximum FDR in th€orward direction

Oneway IFDV in theForward direction

One-way maximum IFDV in thé-orward direction

Oneway HLI in theForward direction

Oneway CHLI in theForward direction

Oneway FDR in theBackward direction

One-way maximum FDR in th8ackward direction

Oneway IFDV in theBackward direction

One-way maximum IFDV in théBackward direction

One-way HLI in theBackward direction

One-way CHLI in theBackward direction

Two-way FD

- = ==_ -4 44 -4 -2 -4 -5 -5 -5 - -

Two-way maximum FD

[CR2]< [O4] If time-of-day synchronization is supporteds@AM PM Implementation
MUST supportperperformancemetric, per PM Session configurationTc©A
Functions and associatdtesholdsusing the parameters described @ble6,
for the followingperformancemetrics:

1 Oneway FD in theForward direction
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1 Oneway maximum FD in th&orward diection

1 Oneway FD in theBackward direction

1 Oneway maximum FD in th&ackward direction
[CR3]< [0O4] A SOAM PMImplementatioMUST support stateless TCA reporting.
[CD1]< [O4] A SOAM PMImplementatiortSBHOULD support stateful TCA reporting.

[CR4]< [O4], [CD1] If a SOAM PMImplementation supports stateful T@é&porting
it MUST support a configurabl@arameter peifCA Functionto indicate
whether thelT CA Functionuses stateful or stateleSEA reporting.

[CR5]< [0O4] A SOAM PM implementatioMUST support a single adigurable pa-
rameter for the threshold value for each TCA Function that uses stateless TCA
reporting.

[CR6]< [0O4], [CD1] If a SOAM PMImplementation supports stateful T@&porting
it MUST support the CLEAR threshold being equal to the SET threshold..

[CO1l]l< [O4], [CD1] If a SOAM PMImplementation supports stateful T@éporting
it MAY support the CLEAR threshold being differenthhe SET threshold.

For thresholds defined using bins, a CLEAR thresholg KN is defined to be less than or equal
to a SET threshold @Nks) if ke = ksand N <= Ns.

[CR7]< [0O4], [CD1], [CO1] If a SOAM PMImplementation supports stateful TC&:
porting with different SET and CLEAR tlksholds, the CLEAR threshold
MUST be less than or equal to the SET threshold

[CR8]< [0O4], [CD1] If a SOAM PM Implementation supports stateful T@#oorting
it MUST support a configurable parameter for the SET threshold for each TCA
Function that uses stateful TCA reporting.

[CR9]< [0O4], [CD1], [CO1] If a SOAM PM Implementation supports stater CA re-
portingwith different SET and CLEAR tlesholdsjt MUST support a config-
urable parameter for the CLEAR threshold for each TCA Function that uses
stateful TCA reporting.

If different SET and CLEAR thresholds are not used, the value configured for the SET threshold
is also used for the CLEAR #shold.

[CR10]< [O4] If a TCA Functionis configured to use stateleS€A reporting, a TCA
MUST be generated for each Measurement Interval in whichhtieshold is
cros®d as defined iffable®6.
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[CD2]<

[CR11]<

[CR12]<

[CR13]<

[CD3]<

[CR14]<

[CR15]<

[CR16]<

[CR17]<

[CD4]<

[CR18]<

[O4] If a TCA Functionis configured to use stateleBEA reporting, the TCA
for a given Measurement Inten@®HOULD be generated as soon as the thresh-
old is crossed.

[O4] If a TCA Functionis configured to use stateleBEA reporting, the TCA
for a given Measurement InterlUST be generated within 1 minute of the
end of the Measurement Interval.

[O4], [CD1] If a TCA Functionis configured to use statefliCA reporting,in

the ‘clear’ state a SET TQWUST be generated for a given Measurement In-
terval if the SET threshold is crossed as definedlahle 6 during that Meas-
urement Interval.

[O4], [CD1] If a TCA Functionis configured to use statefliCA reporting, in

the ‘clear’ state, if the SERreshold is crossed during a given Measurement
Interval, the stattUST be changed to 'set’ by the end of that Mezrment
Interval.

[O4], [CD1] If a TCA Functionis configured to usstatefulTCA reporting, the
SET TCA for a given Measurement Inter&iOULD be generated as soon as
the SETthreshold is crossed.

[O4], [CD1] If a TCA Functionis configured to use statefliCA reporting, the
SET TCA for a given Measement IntervaMUST be generated within 1 mi-
nute of the end of the Measurement Interval.

[O4], [CD1] If a TCA Functionis configured to use statefliiCA reporting,
SET TCAsMUST NOT be generated when in the 'set’ state.

[O4], [CD1] If a TCA Functionis configured to use statefliCA reporting, in
the 'set’ state a CLEAR TCRUST be generated for a given Measurement
Interval if the CLEAR hreshold is not crossed as defined able6 during that
Measurement Interval.

[O4], [CD1] If a TCA Functionis configured to use statefliCA reporting, in

the 'set' state, if the CLEARIreshold is not crossed during a given Measure-
ment Interval, the stafdUST be changed to 'clear' at the end of tlatisure-
ment Interval.

[O4], [CD1] If a TCA Functionis configured @ use stateful CA reporting, the
CLEAR TCA for a given Measurement Inten&HOULD be generated imme-
diately at the end of the Measurement Interval.

[O4], [CD1] If a TCA Functionis configured to use statefliCA reporting, the
CLEAR TCA for a given Measurement InterlUST be generated within 1
minute of the end dhe Measurement Interval.
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[CR19]< [O4], [CD1] If a TCA Functionis configued to use statefulCA reporting,
CLEAR TCAsSMUST NOT be generated when in the ‘clear’ state.

[CR20]< [O4] For a givenTCA Functionapplying to a given péormance metriand a
given PM Sessigra SOAM PM ImplementatioMUST NOT generate more
than one TCA for each Measurement Interval.

[CR21]< [O4] A SOAM PM ImplementatiomMUST support the configuration of at least
oneTCA Functionfor each performance metric listedTiable6, for each PM

Sessian.

Note: this does not require that a SOAM PM Implementation is able to support configuration of a

TCA Functionfor every performance metric for every F3dssion simultaneously.

[CO2]< [0O4] A SOAM PM ImplementatioMAY support the configuration of more
than onel CA Functionfor a performance metric, for each F3dssion.

10.5.3 SOAM PM TCA Notification Messages

Table7 lists the SOAM PM TCA Notification message attributes used when sending a TCA to an

EMS/NMS.

Field Name

Field description

Date and Time

Time of the event, in UTCFor stateless TCAs, and stateful SET
TCAs, this is the time the threshold was crossed; for stateful CLEA
TCAs, it is the time at the end of the Measurement Interval for whi
the CLEAR TCA is being generated.

PM Session

Identification of the PM Session for which th€A Functionwas
configured The specific parameters needed to uniquely identify a
Session are implementatiepecific.

Measurement Interval

The time, in UTC, at the start of the Measurement Intervalvfoch
the TCA was generated.

Performance Metric Name

Performance Metric for which thECA Functionwas configured, i.e.,
one of those listed ifiable6.

Configured Threshold

The configured threshold parameteFor binbased thresholds, this
includes the bin number and the total count, i.e., (N, k).
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Field Name Field description

Measured Performance Metric| Measured value that caused the TCA to be gener&min-based
thresholds configured as (N, k), this is always equal to N for statel
TCAs and stateful SET TCAs; for stateful CLEAR TCAs, it is the
value of UBC(K) at the end of the Measurement Interizalr
"maximum" performance metrics, for stateless T@Ad stateful SET
TCAs, this is the first value in tHd easurenentinterval that reaches (
exceeds the configured threshold; for stateful CLEAR TCAs it is th
maximum value at the end of the Measurement Interfivaf HLI and
CHLI thresholds, this is alwa equal to the configured threshold val
for stateless TCAs and stateful SET TCAs; for stateful CLEAR TC
it is the total count at the end of the Measurement Interval.

Suspect Flag Value of the Suspeéilag for the Measurement Inted for which the
TCA was generatedSuspectlag is true when there is a discontinuit
in the performance measurements conducted during the Measure
Interval.

TCA Type The type of TCA, e one of STATELESS (if statele§SCA reporting
was configured for th& CA Fundion), STATEFUL-SET (if stateful
TCA reporting was configured and this is a SETA) or STATEFUL-
CLEAR (if statdul TCA reporting was configured and this is a
CLEAR TCA).

Severity WARNING (for STATELESSor STATEFUL-SET) or INFO (for
STATEFUL-CLEAR)

Table 71 TCA Notification Message Fields

[CR22]< [0O4] A SOAM PM Implementatio®MUST include the fields in the TCA noti-
fication messages listed Trable7

Table 8 shows the correlation between the general alarm and event notification parameters de-
scribed in ITUT X.733 and X.734, and the notification ditrtes considered in this document.

ITU-T X.733, X.734 Consideration for MEF 35

Event time Date andime

Managed Obj Class PM Session

Managed Obj Instance Included in PM Session

Monitored Attribute Performancév etric Name Measurement
Interval

Threshold Info ConfiguredThreshold Measured
Performance Metric

No equivalent SuspecFlag

Event type (service degraded| TCA Type

Severity Severity
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ITU-T X.733, X.734 Consideration for MEF 35

Probable cause Not applicable

Table 81 Comparison of TCA fields in MEF 35and ITU-T X.73x
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11. PM-1 Requirements

The PM1 Solution usesheSingle Ended Delay’M Functionfor Frame Delay (FQ)Frame Delay
Range (FDR)Mean Frame Delay (MFDand InterFrame Delay Variation (IFDVineasurements
andthe Single-EndedSynthetic Los$®M Functionfor Frame Loss Ratio (FLRResiliencyand
Availability measurementsThe mechanisms support both petiopoint and multipoint connec-
tions.

[R52] A SOAM PM ImplementatiorMUST support the Singi&nded Delay Func-
tion as described isection11.1

[R53] A SOAM PMImplementatioMUST support the Singl&nded Synthetic Loss
Function as described section11.2

Section11.1 lists the requirements for performing Frame Delayer-Frame Delay Variation
Mean Frame Delay and Frame Delay Ramgasurements usinggeDMM/DMR PDUs. Section
11.2lists the requirements for performing Frame Loss R&iesiliency (HLI and CHLI)and
Availability measurements.

Both theSingleEnded Delayand theSingle Ended Synthetic Losfinctions can be configured
for multiple SOAM PM CoS IDsper pair ofMEPs Each unique pair dEPsand SOAM PM
CoS IDbeingmeasuredesults in one or more distinBtM Sessios. Thefunctions suppat both
point-to-point and multipoint configurations

On multipointMEGs any subset of thgairs ofMEPscan be used aritlis notrequiredthatmeas-
urementbe configuredor every pair oMEPs A set of results data will be collected for each pair
of MEPs in the configured subset, p8OAM PM CoS ID If the measurements are being used to
evaluate conformance to an SLBe EMS/NMS canuse the dataollectedfor each pair oMEPs

in the configured subsand compute a single valf@ the EVCor OVCandClass of Servicas
specified in MEF 1@ [12] or MEF 26.1[18] 1 seeAppendix IT Calculation ofSLS Performance
Metrics (Informative)

11.1 Single-Ended Delay Function for Delay, Frame Delay Range, and Inter-Frame

Delay Variation

The following requirements apply to SOAM PM Implementatiorof the SingleEnded Delay
function. Each PM Session applies to one MiEe., pair of MEPS).

[R54] A SOAM PM ImplementatiorMUST support thdTU-T SingleEndedETH-
DM functionprotocoland the procedures as specified by{T&.8013).1731
[1], ITU-T G.80213] as amendeflt] [5]. Any exceptions to the requirements,
behavior, and default characteristics as defined in those specifications are called
out in this section.

[R55] A SOAM PMImplementatioMUST support the receestimestamp in thEor-
ward direction RxTimeStampf, and the transmit timestamp in tBackward
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direction TxTimeStampb in the DMR frame. The Controller MEP receives
and processes these timestamps andRésponder MERenerates and sends
them.

The following requirements specify thaput parametershat are to be supportéar each PM

Session.

[R56]

[R57]

[R58]

[R59]

[R60]

[R61]

[R62]

[D21]
[R63]

A SOAM PM ImplementatiolMUST support a configurable unicast destina-
tion MAC addresgor DMM frames

A SOAM PMImplementatiorMUST support a configurablSOAM PM S
ID for DMM frame transmission This requirement is not applicable if the
SOAM PM Framesare untagged.

A SOAM PM ImplementatiorMUST support the followingoptions for the
configurationof SOAM PM CoS IDs:

T VLANID
1 A combination of the PCP and VLAN ID
This requirement is not applicable if the SOAM PM Frames are untagged.

An implementation of a ResponddEP MUST accepthe SOAM PM CoS ID
received imDMM frameand copythe CoS IDto theassociate@MR response
it sends This requirement is not applicable if tB8MM frames are untagged.

If the DMM frames ardagged and the VLAN DEI is supported, then a SOAM
Implementation of a Controller MEMUST use a VLAN DEI of O (discard
ineligible) for DMM frametransmission.

A SOAM PM ImplementatioMUST support a configurable period for DMM
frametransmission.

The periods of {100ms, 1sec, 10sec} MUST be supportedor DMM frame
transmission.

The default perioHOULD be {1 sec}.

A SOAM PMImplementatioron theController MEPMUST support a config-
urable frame size for DMNMrametransmission.

The frame size corresponds tgadid MEF ServiceEthernet frame and is inclusive of the Ethernet
headerthe DMM PDU with any required PDU padding, and the FQ&is parameter excludes
preamlie and minimuminterframegap. A Data TLV canbe usedas padding within th&MM

PDU.
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[R64] The range oEthernetframe sizes from 64 through 2000 octielldST be sup-
ported.

[D22] The range oEthernetrame sizes from 2a0through 9600 octetSHOULD be
supported.

[D23] The default frame siz&SHOULD be 64 octets, which is the minimuwvalid
Ethernet frame size.

Measurement accuracy can be improved by ensuring the DMM frame size closely represents the
average size of data frames for the class of service for which the meastreilreing taken.

[O5] A SOAM PM ImplementationMAY support the configurable selection of
DMR frame pairs for IFDV measurement purposes.

A parametern, is used to control DMRDU pair selection, where is theselection offset Given
a sequence of receivgeriodic DMR frames, the set of DMR frame paien be expressed @s
{f1, fren}, {f2, foun}, {fa, fen} , . €}

[D24] The default selection offset for IFDSHOULD be 1.

This parametenvhen multiplied bythe period parameter §R61], is equivalent to the IFDV pa-
rameter ofqt as specified by MEF 18]12].

[R65] A SOAM PMImplementatioMUST support, for FDR measurement purposes,
normalizing delays by subtracting the estimated minimum delay oftidreah

[D25] A SOAM PM ImplementatiorSHOULD use theobserved minimundelayof
the previous Measurement Interval as the estimated minimum delay to normal-
ize FDR measurements at the begigrof a Measurement Interval.

[D26] During the Measurement Interval a SOAM RPMplementatiorSHOULD set
the estimated minimunotthe lower of the previous estimate and the minimum
for the current Measurement Interval.

A shift of the minimum may be significant, or it may be minor. The NE relies oBM&NMS

to determine whether the change in the minimum is such that the FBdRirements for the Meas-
urement Interval should be invalidated. In the case where the minimum has increased, the FDR
measurements for the previous Measurement Interval may also need to be invalidated. This is
discussed ippendix G: Normalizing Measurements for FDR (Informative)

The following requirements specify tbatput data sethatis recordedy the Controller MERer
Measurement Interval

[R66] A SOAM PM ImplenentationMUST support the followingdataat the Con-
troller MEP perMeasurement Intervaler PM Session
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Data Description

StartTime-of-day timestamp A 64-bit timestampof the timeof-dayin
UTC at thescheduledstarttime of the
Measurement Interval

End Timeof-day timestamp A 64-bit timestamp of the timef-dayin
UTC at thescheduledndtime of the
Measurement Interval

Measuremeninterval elapsed time A 32-bit counter of the number of second
of theMeasurement Intervals calculated
by the NE.

Note:this may differ from the difference
between the start and end times if
measurements started or stopped part wi
through the Measurement Interval, or if
there was a shift in the tiref-day clock.
Some of these conditions will result in theg
SuspectFlag being set.

SOAM PM FramesSent A 32-bit counter reflecting the number of
SOAM PMFramessent
SOAM PMFramesReceived A 32-bit counter reflecting the number of

SOAM PM Framesreceived

Two-way FD counter per configured FD | A 32-bit counter peMeasurement Bithat
Measurement Bin counts the number of FD measurements
fall within the configured range.

MeanTwo-way FD A 32-bit integer reflecting the average
(arithmetic meanYwo-way FD
measurement in microseconds.

Minimum Two-way FD A 32-bit integer reflecting the minimum
Two-way FD measurement in
microseconds.

MaximumTwo-way FD A 32-bit integer reflecting the maximum
Two-way FD measurement in
microseconds.

Oneway IFDV counter in thé&orward A 32-bit counter peMeasurement Bithat
direction per configured IFDV counts the number of IFDV measurement
Measuremet Bin (i.e., each instance of |DDj| in the

Forward directiopthat fall within a
configuredbin.

MeanOneway IFDV in theForward A 32-bit integer reflecting the average
direction (arithmetic meanPne-way IFDV
measurement in thieorward direction in
microseconds.

MaximumOneway IFDV in theForward | A 32-bit integer reflecting the maximum
direction Oneway IFDV measurement in the
Forward diretion in microseconds.
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Data Description
Oneway IFDV counter in th&ackward A 32-bit counter peMeasurement Bithat
direction per configured IFDV counts the number of IFDV measurement
Measurement Bin in theBackward direction that fall within a
configured bin.
MeanOneway IFDV in theBackward A 32-bit integer reflecting the average
direction (arithmetic meanPne-way IFDV

measurement in tH@ackward direction in
microseconds.

MaximumOneway IFDV in theBackward | A 32-bit integer reflecting the maximum
direction Oneway IFDV measurement in the
Backward direction in microseconds.

Oneway FDR counter in thEorward A 32-bit counter per Measurement Bin thg

direction per configured FDR Measureme counts the number of FDR measurement

Bin theForward direction tht fall within a
configuredbin.

MeanOneway FDR in thd=orward A 32-bit integer reflecting the average

direction (arithmetic meanPne-way FDR

measurement in tHeorward direction in
microseconds.

MaximumOneway FDR in thd=orward A 32-bit integer reflecting the maximum
direction Oneway FDR measurement in tRerward
direction in microseconds.

Oneway FDR counter in thBackward A 32-bit counter per Measurement Bin tha

direction per configured FDR Measureme counts the number of FDReasurements i

Bin theBackward direction that fall within a
configured bin.

MeanOneway FDR in theBackward A 32-bit integer reflecting the average

direction (arithmetic meanPneway FDR

measurement in tH@ackward direction in
microseconds.

MaximumOne-way FDR in théBackward | A 32-bit integer reflecting the maximum
direction Oneway FDR measurement in the
Backward direction in microseconds.

Minimum Oneway FD in theForward A 32-bit integer reflecting the minimum
direction Oneway FD measurement ihéForward
direction in microseconds.

Minimum One-way FD in theBackward A 32-bit integer reflecting the minimum
direction Oneway FD measurement in tBackward
direction in microseconds.

Table 917 Mandatory Single-Ended DelayData Set

The minimumOne-way FD measurements do not provide intrinsic information about the Frame
Delay when timeof-day clock synchronization isot in effect, but are needed to detect changes in
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the minimum that may invalidate FDR measuremeNiste that when tim@f-day clock synchro-
nization is not in effect, measurements of ey FD may result in a negative value for the
minimum. This does not impact the ability to monitor changes in the minimum for the purpose of
invalidating FDR measuremen

[R67] If time-of-day clock synchronization is in effefdr both MEPs in the MEa
SOAM PMImplementatioMUST be able tsupport the following additional
dataat the Controller MERerMeasurement Intervgder PM Sessian

Data Description
Oneway FD counter in the A 32-bit counter peMeasurement Bithat counts the
Forward direction per numberof One-way FD measurements in tRerward
configured FDMeasurement | direction that fall within the configured bin.
Bin
MeanOneway FD in the A 32-bit integer reflecting the average (arithmetic mear
Forward direction Oneway FD measurement in tik®rward direction in

microseconds.

MaximumOneway FD in the | A 32-bit integer reflecting the maximu@ne-way FD

Forward direction measurement in thieorward direction in microseconds.
Oneway FD counter in the A 32-bit counter peMeasurement Bitthat counts the
Backward direction per number ofOne-way FD measurements in tBackward
configured FDMeasurement | direction that fall within the configed bin

Bin

MeanOneway FD in the A 32-bit integer reflecting the average (arithmetic mear
Backward direction Oneway FD measurement in tlBackward direction in

microseconds.

MaximumOneway FD in the | A 32-bit integer reflecting the maximu@ne-way FD
Backward direction measurement in tH@ackward direction in microseconds

Table 107 Mandatory Single Ended DelayData Set with Clock Synchronization

11.2 Single-Ended Synthetic Loss Function for Frame Loss Ratio (FLR) and
Availability

The following requirements apply tocSDAM PMImplementatiorof the Single-Ended Synthetic
Lossfunction.

[R68] A SOAM PM ImplementatiorMUST support thdTU-T ETH-SLM protocol
and procedures as specified by FTUG.8013¥.1731[1] and ITUT G.8021
[3] as amendef#t] [5]. Any exceptions to the requirements, behavior, and de-
fault characteristics as fileed in those specifications are called out in this sec-
tion.
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The following requirements specify thput parametershat are to be supportéar each PM
Session

[R69] A SOAM PM ImplementatiorMUST support a configurable unicast destina-
tion MAC addresdor SLM frames

[R70] A SOAM PM ImplementatioMUST support a configurablSOAM PM CoS
ID for SLM frame transmission.This requirement is not applicable if the
SOAM PM Framesare untagged.

[R71] A SOAM PM ImplementatiorMUST support the followingoptions for the
corfigurationof SOAM PM CoSIDs:

1T VLANID
1 A combination of the PCP and VLAN ID
This requirement is not applicable if the SOAM PM Frames are untagged.

[R72] An implementation of a Respond®fEP MUST acceptSOAM PM CoS IB
received in SLMframes and copythe CoS IDto theassociate@LR response
it sends. This requirement is not applicable if theNs frames are untagged.

[R73] If the SLM frames ard¢agged and the VLAN DEI is supported, then a SOAM
implementation of a Controller MERIUST use a VLAN DEI of O (discard
ineligible) for SLMframetransmission.

[R74] A SOAM PM ImplementatiorMUST support a configurable period for SLM
frametransmission.

[R75] The periods of {100ms, 1sec, 10sec} MUST be supported for SLMrame
transmission.

[D27] The period of L0mSHOULD be supported for SLNrametransmission.
[D28] The default perio6HOULD be {100 ms}.

[R76] A SOAM PM Implementatiorof the Controller MEPMUST support a config-
urable frame size for SLM frame transmission.

The frame size corresponds to a valid MEF Service Ethernet frame and is inclusive of the Ethernet
header, the SLM PDU with any required PDU padding, and the FCS. This parameter excludes
preamble and minimum interfrangap. A Data TLV can be used as padgivithin the SLM

PDU.

[R77] The range oEthernetframe sizes from 64 through 200ctetsMUST be sup-
ported.
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[D29] The range of Ethernet frame siZesm 2001through 9600 octetSHOULD be
supported.

[D30] The default frame siz8HOULD be 64 octets, which is the minimuwalid
Ethernet frame size.

Measurement accuracy can be improved by ensuring the SLM frame size closely represents the
average size of data frames for the class of service for which the measurement is being taken.

When the Singldended Synthetic Loss Funeti is used, each transmitted SLM has three possible
outcomes: a corresponding SLR is received; the SLM is lost icditveard direction; or the R

is lost in theBackward direction. To calculate tRerward orBackward FLR, a number of SLMs
aretransmitted, and the corresponding number lost in each direstineasured. The FLR can

then be calculated in the normal way. Note: the more SLMs used for each FLR calculation, the
more precise the resulting FLR value will bEonversely, the shortéhe period between SLM
frames (and the longer the SLM frame size), the more bandwidth will be used for SLM frames,
and the higher the load will be on the SOAM PM Implementation. AppendixD - Statistical
Considerations foByntheticLossMeasurementliformative)

The following requirements apply to the calculation of Availabditgl Group Availability which
areexplained in detail in MERO0.3 [12]. A brief summary is that Availability is determined by
first calculating the nAvaid@andccompatngittddframbe over
loss threshold. K sufficient number of consecutiggintervals exceed the threshold, an Unavail-

ale state is entered. Note that Availability flr is different from FLR, which is calculated over the
much larger interval. Availability measurements can also be used to calculate Group Availabil-

ity: the Group Availability of a set of El pairs is Unavailable if and only if the Availability is
Unavailable for every El pair in the set.

[R78] A SOAM PMImplementatioMUST support a cofigurable parameter for the
length of time over which each Availability flr value is calculated, with a range
of 1si 300s. This parameter is equivalenigidas specified by MEF 10[32].

[R79] The length of time over which each Availability flr value is calculatgg} (
MUST be an integer multiple of the interval between each SLM frame trans-
mission.

[D31] The default length of time over which each Availékgifir value is calculated
SHOULD be 1s.

[R80] The number range of 1 through MUST be supported for the configurable
number of consecutivAvailability flr measurements to be useddetermine
AvailableUnavailable statéransitions This parameter is equivalent to the
Availability parameter oh as specified by MEF 18]12].

[D32] The default numbenf n for Availability SHOULD be 10.
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The Availability flr measurements are the basis to evaluate Availability. Within each small time
periodat (e.g., one second), the loss rafidv a i | a b iislcalculated fnd codnpared with a
thresholdC. If a window of consecutiveptintervalsall have loss rati@xceeding the threshold,
then an Unavailable state has been entered aggdtatervalswithin that windowwill be desig-
natedasUnavailable Details are in MEF 16.[12].

[R81] A SOAM PM ImplementationMUST support a configurablévailability
frame loss ratidhreshold to be used in evaluating theailade/Unavailale
stateof eachepintervalper MEF 103 [12].

[R82] The Availability frame loss ratighreshold range of 0.00 through 1I0QUST
be supporteth increments of 0.01

[D33] The defaultAvailability frame losgatio thresholdSHOULD be 01.

[R83] A SOAM PM Implementatiorat a Controller MERMUST report to the man-
aging system whenever a transition betwAeailable andJnavailable occurs
in the status of an adjacent pairgpfiintervak perMEF 103 [12].

[R84] The Availahlity statetransition reporMUST include the following data:

Data Description

Source ControllerMEP

Destination RespondeMEP

Cos ID SOAM PM CoS ID

Direction Forward orBackward

Timestamp Reflects the value of the local tired-day clock in UTC at
the time of transition.

Status Reflects whether the transition was frémailable to
Unavailable, otJnavailable toAvailable.

Table 117 Availability State Transition Event Data

Note: a transition cannot be detectedrf@ptseconds after it has occurred. The timestamp in the
Avalilability state transition report should be the time of transition, not the time of detection.

[R85] If the NE maintais a timestamped log, an entipUST also be generated with
the same data as the report.

A number of parameters relating to Availability are interrelated and have an impact on the preci-
sion of Availability flr measuements, the bandwidth consumed®LM framesthe time taken to
detect a change in Availabilistateand the damping effect on Available/Unavailable state admng

due to thesliding windowalgorithm defined in MEF 10.82]. These parameters are:

f SLM Frame Transmission Period ([R74])
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1 SLM Frame Sizes ([R76])

1 Time over which each Availability flr is calculategh{[R78])

1 The number of consecutive Availdity flr measurements to be used to determine Availa-
ble/Unavailable state transitions([R80])

§ The Availability thresholdC ([R81])
These parameters are related in the following way:

1 The precision of Availability flr measurements is determined by the number of SLMs for
the calculation,.e. the number SLM frames transmitteuring eaclpinterval,cpt ./ Tihe
precision can be improved by increasgpdor decreasindg?. The lower the thresholdC,
the higher precision is needed.

1 The bandwidth used for SLM frames is determined by the size and frequency of SLM
frames,i.e. bandwidth in bps is/P. The bandwidth can be lowered by decreasiog
increasingP.

1 The time taken to detect a change in Availabgiyteis determined by the time over which
each Availability flr is calculated, and the number of Availability flsed to determine a
state change,e n .dbhe time can be reduced by decreasimg gt

1 The damping effect of the sliding window algorithm is determined by the number of Avalil-
ability flrs used to determine a state changelt can be improved by ineasingn.

It can be seen that there are several conflicting considerations in determining the value of the
various parameters, and hence tradeoffs are needed; for example, more precise Availability flr
measurements can be obtained at the expense of bighdwidth use or longer detection time. It

is therefore impossible to give a single set of values that is suitable for all cases.

Note that the default values Bf([D28]) andgp{([D31]) aresuch that 1BLMs areused for each
Availability flr calculation In general it is important that sufficient SLMs are used for each Avail-
ability flr calculation to give a high degree of confidence that the threghisldrossed only when
the actual frame loss ratio owvgris above the thresholdAppendix Ji Statistical Considerations
for Availability (Informative) gives more detail on the statistical considerations for Availability
calculation

The following requirements apptp the measurement of HLI and CHLI, which are explained in
detail in MEF 10.312]

[R86] A SOAM PM ImplementatiorMUST support a configurable parameterire
dicate the number of HLIs that constitute a CHLI. This is equivaleptiho
MEF 103 [12].
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[D34] The default value for the number of HLIs that constitute a CFHHOULD be
5.
[D35] The range of values for the number of HLIs that constitute a GHOULD

be 1 to (i- 1), wheren is the Availablity parameter as specified [R78].

As with Availability, a number of consecutive HLIs that constitute a CHLI could span the end of
oneMeasuremenintervaland the start of the followinlyleasurement Intervalin this case, the
CHLI is counted in thdleasurement Intervah which it ends.

[R87] A SOAM PM ImplementatioMUST include CHLIs that end during a given
Measurement Inteal, and only those CHLISn the count of CHLIs fothat
Measurement Interval

The following requirements specify tbatput data sethatis recordedy the Controller MERer
Measurement Interval

[R88] A SOAM PM ImplementatiorMUST support the following datat the Con-
troller MEP perMeasurement Intervger PM Sessian

Data

Description

Start Timeof-day timestamp

A 64-bit timestamp of the timef-dayin UTC at the
scheduledstarttime of theMeasurement Interval

End Timeof-day timestamp

A 64-bit timestamp of the timef-dayin UTC at the
scheduledndtime of theMeasurement Interval

Measuremeninterval elapsed
time

A 32-bit counter of the number of seconds of the
Measurement Intervals calculated by the NE
Note: this may differ from the difference between tf
start ancend times if measurements started or stop|
part way through the Measurement Interval, or if th
was a shift in the timef-day clock. Some of these
conditions will result in th&uspectFlag being set.

SOAM PMFramesSent

A 32-bit counter reflecting the numbef SOAM PM
Framessent

SOAM PM FramesReceived

A 32-bit counter reflecting the number 8DAM PM
Framesreceived.

Tx frame count in th&orward
directior?

A 32-bit counter reflecting the number 8£M frames
transmitted in thé&orward direction.

Rx frame count in thEorward
direction

A 32-bit counter reflecting the number 8£M frames
receivedin theForward direction.

5 For SingleEnded Synthetic Loss, SOAM PM Frames Sent is equal to Tx frame count in the Forward Direction and
SOAM PM Frames Received is equal to Rx frame count in the Backward DireBith fields are specified so as
to retain consistency with other PM Functions.
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Data Description
Tx frame count in th&ackward | A 32-bit counter reflecting the number LR frames
direction transmitted in th&ackward direction.
Rx frame count in thBackward | A 32-bit counter reflecting the number $f.R frames
directior? received in théBackward direction.
Count ofgptintervak evaluated ag A 32-bit counter reflecting the number gfintervak
Availablein theForward evaluated ag\vailablein theForward directior{(i.e.,
direction for which Accontrolier, RespondefP) = 1).
Count ofgptintervak evaluated ag A 32-bit counter reflecting the number gfintervak
Availablein theBackward evaluated ag\vailable in theBackwarddirection(i.e.,
direction for which A« responder, controliefGP)Y = 1).
Count ofgptintervak evaluated ag A 32-bit counter reflecting the number gfintervak
Unavailablein theForward evaluated atJnavailable in thé&orwarddirection
dil’ection (i.e., fOI’ Wh|Ch AController, Responde(ﬁp): = O)
Count ofgptintervak evaluated ag A 32-bit counter reflecting the number gfintervak
Unavailablein theBackward evaluated ab/navailablen the Backwarddirection
direction (i.e., for whth A< responder, controliefop) = O).
Count ofHLIsin theForward Count of HLIsin theForward directiorduring the
direction Measurement Interval
Count of HLIs in theBackward | Count of HLIsin theBackward directiorduring the
direction Measuremeninterval
Count of CHLIs in thé-orward Count of CHLIs in thé-orward direction during the
direction Measurement Interval
Count of CHLIs in thaBackward | Count of CHLIs in théBackward direction during the
direction Measurement Interval

Table 127 Mandatory Single-Ended Synthetic Loss Data Set

[D36] A SOAM PM ImplementationSHOULD support the following additional
Availability relateddataat the Controller MERer Measurement Intervader

PM Session

Data Description
Minimum One-way The minimumOne-way Availability flr measurement
Availability flr in theForward | during thisMeasurement Interval
direction
MaximumOne-way The maximunOne-way Availability flr measurement
Availability flr in theForward | during thisMeasurement Interval
direction
MeanOneway Availability flr | The average (arithmetic meahe-way Availability flr
in theForward direction measurement during thideasurement Interval
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Data Description
Minimum One-way The minimumOneway Availability flr measurement
Availability flr in theBackward | during thisMeasurement Interval
direction
MaximumOne-way The maximunOne-way Availability flr measurement
Availability flr in theBackward | during thisMeasurement Interval
direction
MeanOneway Availability flr | The average (arithmetic meaDhe-way Availability flr
in theBackward direction measurement during thideasurement Interval

Table 137 Optional Single-Ended Synthetic LossData Set
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12. PM-2 Requirements

The PM2 Solution useghe DualEnded DelayPM Functionfor Frame Delay (FD)Inter-Frame
Delay Variation (IFDV) Frame Delay Range (FDR) and Mean Frame Delay (MiaBasure-
ments. The mechanisms support both petiotpoint and multipoint connections.

Sectionl2.1lists the requirements for performing Frame Delay and{Rtame Delay Variation
measurements using tbeiatEnded Delayunctiors.

[O6] A SOAM PM ImplementatiorM AY support the DualEnded Delay Function
as described isection12.1

12.1 Dual-Ended Delay Function for Frame Delay, Frame Delay Range, and Inter-

Frame Delay Variation

DuatEnded Delayan be configured for multiple classes of service for each direction in a pair of
MEPs Each unique pair dlEPS direction andClass of Serviceesults in one or more distinct
PM Sessioa DualEnded Delaysupports both pointo-point and multipoint configurations.

On multipointMEGs any subset of the orderpdirs ofMEPscan be used antlis not required to
configure measurement for every ordered paiM&Ps nor for both orders (directions) of any
given pair ofMEPs A set of results data will be collected for each ordered paitER®sin the
configured subset, p&OAM PM CoS ID If the measurements are being used to evaluate con-
formance to an SLShé EMS/NMS canuse the data collectddr each ordeed pair ofMEPSsIn

the configured subset and compute a single value for the &\@/C and Class of Service as
specified in MEF 1@ [12] or MEF 261[18] 1 seeAppendix I Calculation ofSLS Performance
Metrics (Informative)

When usindouatEnded Delayasingle direction (A>B or B->A) can be measuragsing one PM
Sessionpr both directions can be measured>B and B>A.) by using a separate PM Session
for each direction

[CR23]< [06] A SOAM PM ImplementationMUST support thelTU-T DuatEnded
ETH-DM Function protocol and procedures as specified by 4TU
G.8013¥.1731, [1] ITU-T G.8021]3] as amendef#t] [5]. Any exceptions to
the requirements, behavior, and default chareties as defined in those spec-
ifications are called out in this section.

The following requirements specify tlput parameterghat are to be supportddr each PM
Session

[CR24]< [06] A SOAM PMImplementatiorof a Controller MERMMUST support a con-
figurable unicast destination MAC addréss 1DM frames

[CR25]< [06] A SOAM PM Implementatiomf a Sink MEPMUST support a configu-
rable unicassourceMAC address for 1DM frames.
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A Sink MEP could also support a mode where 1DM frames from any source MAC apgeat;c
in this case 1DM frames received from different source MAC addresses are treated as belonging
to different PM Sessions.

[CR26]< [06] A SOAM PM ImplementatiorMUST support Class 1 multicast destina-
tion MAC addresdor 1DM frames

[CR27]< [0O6] A SOAM PMImplementatioMUST support a configurablSOAM PM
CoS IDfor 1DM frame transmissianThis requirement is not applicable if the
SOAM PM Framesare untagged.

[CR28]< [06] A SOAM PM ImplementatiorMUST support the followingoptions for
the configurationof SOAM PM CoS IDs:

T VLANID
1 A combination of the PCP and VLAN ID
This requirement is napplicable if the SOAM PM Frames are untagged.

[CR29]< [O6] If the 1DM frames ardagged and the VLAN DEI is supported, then a
SOAM PM Implementatioron theController MEP MUST use a VLAN DEI
of 0 (discard ineligible) for 1M frametransmission.

[CR30]< [06] A SOAM PM ImplementatiorMUST support a configurable period for
1DM frametransmission.

[CR31]< [O6] The periods of {100 ms, 1 sec, 10 sefUST be supported for 1DM
frametransmission.

[CD5]< [0O6] The default periodHOULD be {1 sec}.

[CR32]< [06] A SOAM PM Implementatioron theController MEPMUST support a
configurable frame size for 1Dfametransmission.

Note: The frame size does not need to be configured at the Sink MEP.

The frane size corresponds to a valid MEF Service Ethernet frame and is inclusive of the Ethernet
header, the 1DM PDU with any required PDU padding, and the FCS. This parameter excludes
preamble and minimum interfrangap. A Data TLV can be used as padding imitthe 1DM

PDU.

[CR33]< [O6] The range oEthernetframe sizes from 64 through 2000 octietigST be
supported.

[CD6]< [0O6] The range ofEthernetframe sizes from 200 through 9600 octets
SHOULD be supported.
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[CD7]< [O6] The de&ult frame size&SHOULD be 64 octets, which is the minimum
valid Ethernet frame size.

Measurement accuracy can be improved by ensuring the 1DM frame size closely represents the
average size of data frames for the class of service for which the measuscbesmg taken.

[CO3]< [0O6] A SOAM PMImplementatioMAY support the configurable selection of
received 1DMPDU pairs for IFDV measurement purposes.

A parametern, is used to contrdiDM PDU pair selection, where is theselection offset Given
a sequence of received periodibM frames, the set ofldIM frame pairscan be expressed as {
{fl, f1+n}, {fz, f2+n}, {f3, f3+n} ) . € }

[CD8]< [0O6] The default selection offsé&r IFDV SHOULD be 1.

This parameterwwhen multiplied bythe period parameter ¢€R30], is equivalent to the IFDV
parameter ofd as specified by MEF 18[12].

[CR34]< [06] A SOAM PMImplementatioMUST support, for FDR measurement pur-
poses, normalizing delays by subtracting the estimated minimum delay of the
interval.

[CD9]< [0O6] A SOAM PM ImplementatiorSHOULD use the observed minimude-
lay of the previous Measurement Interval as the estimated minimum delay to
nomalize FDR measurements at the beginning of a WMeasent Interval.

[CD10]< [0O6] During the Measureent Interval a SOAM PMImplementation
SHOULD setthe estimated minimum to the lower of the previous estimate and
the mirimum for the current Measurement Interval.

A shift of the minimum may be significant, or it may be minor. The NE relies oBM&NMS

to determine whether the change in the minimum is such that the FDR measurements for the Meas-
urement Interval should bavalidated. In the case where the minimum has increased, the FDR
measurements for the previous Measurement Interval may also need to be invalidated. This is
discussed ippendix G: Normalizing Measurements for FDR (Informative)

The following requirements specify the procesgput data sethatis recordedby the Controller
MEP or Sink MEP (as indicateger Measurement Interval.

[CR35]< [06] A SOAM PM ImplementatiorMUST support the followingdataat the
Controller or Sink MEP (as indicateder Measurement Intervagder PM Ses-
sion
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