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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 8ateh information is subject to change
without notice ad theMEF Forum (MEF) is not responsible for any errofee MEF does not
assume responsibility to update or correct any information in this publichlttorepresentation

or warranty, expressed or implied, is made by the MEF concerning the completeoass;\a

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 be used without modification by themeoipi
user of this documenthe 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 create, by implication
or otherwise:

1 any expressr 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, concepts or expressions contained herein; nor

1 any warrang 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 any or all of the ideas, technologies, or
conceptgontained herein; nor

1 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 and MEF
specifications will be voluntary, and no company shall be obliged to implement them by virtue of
participation in theMlEF Forum.The MEF is a noprofit international orgnization accelerating
industry cooperation on Metro Ethernet technoldgye MEF does not, expressly or otherwise,
endorse or promote any specific products or services.

© TheMEF Forum2016 All Rights Reserved.
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2. Abstract

In order to provide differentiated levels of servites necessaryo classify incoming frames to
a service level either based on context (e.g., which EVC or OVC) or content (i.e, the contents of
a specific field within the frame).

MEF10.3 and MEF26.2 provide attributes for associating each ingress frame with a Class of
Service Name (CoS Name) for this purpose. Those specifications also provide attributes for
associating each ingress frame withokoc

This Implementation Agreement formalizes the CoS Name and defines three specific CoS
Names called Class of Service Labels (CoS Labels).

For frames associated with a CoS Label, this IA provides:
9 values for fields containing the CoS identifier
1 values br fields containing the frame color

1 definition of Performance Tiers. Performance Tiers provide a way to define sets of
performance objectives based on inherent characteristics of the service (primarily
geographic span).

1 specific performance objectiveRequiredvalues forperformance objectivesre
specified in this documeiibr service with a Class of Service identified by one of the
MEF CoS Labels

1 requirements associated with bandwidth profile applicability to frames associated with
the CoSLabels.

This 1A also provides guidelines for CoS Names, in general, in terms of how the performance
objectives for OVCs are composed into performance objectives for EVCs.
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3. Terminology
Terms defined in MEF 103], MEF 6.2[16], and MEF 2& [10] are included in this document

by reference and, hence, are not repeated in the Terminology table.

Term Definition Reference
Carrier Ethernet A network from a Service Provider or network Caier MEF 12[13]
Network supporting the MEF service and architecture models.
CEN Carrier Ethernet Network MEF 122[13]

Class of Service
Identifier

The fields in a Service Frame or ENNI Frame, along with thg
values of those fields, that are used to identify the Class of
Service Name that applies to the frame

This document

Class of Service Fram
Set

A set of Service or ENNI Frames that have a commitment fr
the Operator or Service Provider subject to a particular set g
performance objectives.

This document

Class of Service Labe

A CoS Name that is standardized in this document. Each Cq
Label idetifies severalPerformance Tiers where each
Performance Tier contains a set of performance objectives §
associated parameters.

This document

Class of Service Nam

A designation given to one or more sets of performance
objectives and associated parameters by the Service Provid
or Operator.

This document

Class of Service
Performance
Objective

Anobjective for agiven performance metric

This document

Color ID

Cobr Identifier

This document

Color Identifier

The fields in a Service Frame or ENNI Frame, along with thé
values of those fields, that are used to identify the Color tha
applies to the frame.

This document

CoS Class of Service This document

CoS IA Class of Service Implementation Agreement (this document| This document

CoS FS Class of Serviderame Set This document

CPO CoS Performance Objective This document
MEF 23.2 © The MEF Forum 2014, 2015, 2016Any reproduction of this document, or any portion thereof, shall  Page3
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Term Definition Reference
CTag SubscribeNMLAN Tag IEEE 802Q[2]
DEI Drop Eligible Indicator IEEE 802Q]2]
DSCP Differentiated Services Code Point RFC 247/15]
El External Interface MEF 44]
ENNI External Network Network Interface. An interface used to MEF 44]

interconnect twoCENOperators

ENS Ethernet Network Section This document and

Y.1540/11]

Ethernet Network
Secton

Aset of one or more CENSs, eaahder a single or collaborative
jurisdictional responsibilityfor the purposeof managingCPG.

This document and
Y.154011]

IA Implementation Agreement

Operator Also Network Operator. The Administrative Entity &@EBN Derived from MEF 4
[4]

N/A Not Applicable

N/S Not Specified

PCP Priority Code Point IEEE 802.1@2]

Performance Tier

A MEF CoS Performance Objectives (CPO) set

This document

PT

Performance Tier

This document

Service Level

The technical specification of the service level being offered

Adapted fromMEF

Specification either the Service Provider to tHeubscriber in the case of an| 10.3[1] andMEF
EV@r by an Operator to a Service Provider in the case of al 26.2[10]
OVvC.
STag Service VLAN Tag IEEE 802Q[2]
VLAN Virtual LAN IEEE 802.1@2]
Table 1: Terminology and Definitions Table
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4. Scope

CoSIA defines a set othreeCoSNames called Co8abelsfor EVCs and OVCsThis IA also
definesvalues forCoSPerformance Objectivd€POs)grouped in Performance Tier ses,
well asPerformancd®arameters.

The CoS Name and Color requirements in this IA are applicable at UNIs and ENNIs
(collectively External Interfaces dgls), and the indicate@oS Performance Objectives are
applicable to Qualified Framethat arrive at those Els for transport across an EVC or OVC.
This IA alsoaddressekthernet Network Sectigrassociated witlypical Operator domairthat
interconnect at ENNIge.g., concanation of CPOs for OVCs to derive CPOs for EV.Cs)

The internal mechanisms for implementing the Cd%re out of scope.

The threeCoSLabelsprovide support for key applicatioriBhis document also sets requirements
for the mapping of Class &ervice 13 defined in[1] and[10] to CdS Labes. Operatorsan

offer other proprietaryCoSNamesand mapralues of the CoS ID to these CoS Names.
Consequently, an Operator or Service Provider can offer zero to all three of the CoS Labels in
any combination simultaneously with zero or more pegary CoS Names.

This document specifies values for Performance Parameters (e.g., PerBgniiimé interval
(T)) to allow determination of CPOs for Ome&y Frame Delay, Or@ay Mean Frame Delay,
Oneway Frame Delay Range, Omay Inter Frame Delay Vaation,Oneway Frame Loss
Ratio,Oneway Availability, Oneway Resiliency (HLI and CLIand Oneway Group
Availability. It does not include Performance Parameter©feway Multiple EVC Group
Availability or Oneway Composite Performante

Where possible this IAelieson CoS andperformanceaelated service attributes already defined
in other MEF specificationd.o further define Cohis IA identifies,andwhere necessary
constrains or extersdcurrentMEF specificationsThelA alsobuilds uponprevious work in
IEEE, ITU and IETF forconsistencyandfacilitation of endto-end CoSThis previous standards
work includesCoS definitions for théP layer, thus facilitating synergies betwe&thernet and

IP services and networks.

Figurel provides examples of thezope andplicability of the CoS 1Ato bothUNI andENNI,
to Pointto-point, andMultipoint-to-Multipoint EVCs and OVCgRootedMultipoint are
applicable buhot shown)and tobothsingle and multipl€&CENSs.

! Consistent with the definition in MEF 26[20], the term Qualified Frame is used to refer generically to Qualified
Services Frames on a UNI and Qualified ENNI Frames on an ENNI.

2 parameters for Oneray Multiple EVC Group Availability anddneway Composite Performance are not in scope
for MEF23.2.
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Point-to-Point EVC

—— Multipoint-to-Multipoint EVC

- i Point-to-point OVC
UNI

—
CE

—— Multipoint-to-Multipoint OVC

Figure 1. Examples of Scope and Applicability ofCoS IA

With respect to the set of interfaces that are describ€EBEXternal Interfaces ifd], the CoS
IA usesthe term External Interface (El) to imcle UNI andENNI.

4.1 NEw MATERIAL BEYOND MEF 23.1
New topics in this document include:
1 A more formal definition of CoS Frame Set in seci®oh.3

1 Anew Performance €&r ( A & T O fi)Qvibhtmpore stringent CPOs than
Performance Tier 1, to support additional applications

CPOs for MultipointServices in all Performance Tiers.

Appendix Fdiscussing the methodology for deriving CPOs for Multipoint Senacelsa
description and recommended methods to remedy the focused overload condition

1 Appendix Gon Burst Size, Shaper Considerations, and discussion of the interaction of
TCP Congestion Control with the MEF policer.

1 Appendix Hproviding guidance on the choice of CBS.

4.2 REVISIONS TO MATERIAL IN MEF 23.1
Revisions to previous material include:

1 Terminologyfor service attributes aligned with MEF 1(B.
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1 Section 8 has been reorganizecliminate duficate text and multiple definitions of the
same terms.

1 Table3 andTable4 that map CoS ID and Color ID to CoS Label and Chkore been
restructured

1 Requirements and recommendations regarding Bandwidth Profiles for CoS habels
been updatetb be consistent with MEF 10.3 (including token sharing model).

L2CP recommendatiortgve been updatdd be consistent with MEF 10.3.

1 Parameters for CPOs have been split into multiple tables. One fewleSharameters,
one for parameters for poti-point XVCs and one for parameters for multipoint xVCs.

1 Interpretation for N/S in thBerformance Objective Parameter and CPO tdidedeen
included

1 Older material from the Burst Size Appendix G (sections 8.7.1 in MEF Baslpeen
removedn favor of the new material in Appendix G and the new Appendix H.

This 1A supersedes MEF 23.1 (8d¢A Phase 2).
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5. Compliance Levels

The keyMUB®or, MYST NOTO ,REQUIREDO ,SHALL 0 ,SHALL NOT 0 ,

ASHOULDO ,SH®&ULD NOTO0 ,REGOMMENDED 0 ,MAYi 0 , ORTIONALO i n t his
document are to be interpreted as described in RFC[31.18ll key words use upper case, bold

text.

Items that arREQUIRED (contain the wordMUST or MUST NOT) are labeled adRx] for
required. Iltems that aRECOMMENDED (contain the wordSHOULD or SHOULD NOT)
are labeled ax] for desirable. Items that a@PTIONAL (contain the

wordsMAY or OPTIONAL ) are labeled ag©Ox] for optional
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6. Numerical Prefix Conventions

This document uses the prefix notation to indicate multiplier values as shdwahble®.

Decimal Binary
Symbol| Value | Symbol| Value
k 168 Ki 210
M 108 Mi 220
G 10 Gi 230
T 1012 Ti 240
P 1015 Pi 250
E 108 Ei 260
4 107 Zi 270
Y 10 Yi 280

Table 2: Numerical Prefix Conventions

MEF 23.2
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7. Introduction

With the introduction of Metrand CarrielEthernet serviceserviceProvidersandOperatos
started using this Ethernet fAconnevdaridusi tyo t e
MEF specifications have addéeal IEEE 802seriesstandard$n order to creata framework to
defineEthernet serviced his 1A is motivated by the need tntroduceand definespecific

fi lasses or CoSNames called CoS Labdlsat will delivera commitment for a particular level

of performance for a set Qfualified Frames from the Service ProvidarOperator This isto

further deelop Carrier Ethernet services that are interoperable and predictably support
SubscribeapplicationsFor exampleQOperatos andService Provides that conned€ENSs will

be able to do so with a set of commonly understood [Gd®k, CoS IDs andCoSPerfamance

Objectives CP(x) in addition to any bilaterbl-agreedCoSNamesthey want to support.

The requirements in this document applicable tdSubscribersService Providers and
Operatorsvho desire CoSlameinteroperability across EIFhe requirements are developed
based on the needs $fibscribes and their application€ompliance withite CoSLabelsin this

IA does not limit arDperatorfrom providing additionaCoSNamesusing CoS dientifier values

(e.g, PCP)hat are left unused in this IAlote that theCoS Performance ObjectivERO and
Parameter values are specified in this IA as maximums or minimums and thus do not limit
Operators from providing conformant values that are less than the maximgnesitar than the
minimums. These other values could be described as more stringent, i.e., having more rigor or
severity with respect to the standard or requirement value

Figure2 illustrates the need for a standard CoS Label model for mapping at an ENNI which is
one key motivation for this IAThe problemaddresseds that the Operators GEN 1 andCEN

2 may have different CoSamesand different methods anélues to indicate the Cd$ames

The figure illustrates how the use of the CoS IA can provide a common set dbGelSthat

the Operators can map frames jritofacilitate interworkingFor example

1 A framewith CoS NameieART going from CEN 1 to CEN ghaps taMEF CoS Label M
on the ENNIwhich then maps to CoS NarrgPERIn CEN 2.

1 A framewith CoS NamesQuAREgoing fromCEN 1 to CEN 2 also maps to MEF CoS
LabelM on the ENNlandthenmaps to Co®NamePAPERIn CEN 2.

1 A framewith CoS NameraPERgoing fromCEN 2 to CEN 1 maps to MEF CoS Labi#
on the ENNI which themaps to Co®lamesQUAREIn CEN 1. (Note that frames from
CEN 2 to CEN 1 can never result in CoS NamerT in CEN 1.

MEF 26.2 defines the OVC End Point Egress Map Service Attribuighvalontrols how the

sending CEN maps its CoS Names and Color to egress ENNI Frame content in order to ensure
that the receiving CEN processes the frame in a way that correctly maps CoS Names between
CENs.
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No MEF CoS IA: Mapping CoS Name PLUS +

at ENNI requires different v CoS Name ROCK
bilateral agreements at CoS Name SQUARE Mapping? . CoS Name PAPER
: +—P>
the ENNI. Subscribers may v
not get consistent Class of CoS Name HEART . 4 ‘f_':v CoS Name SCISSORS
Service
Cos Name coAL @
(Example mapping)
With MEF CoS IA: Operators CoS Lab
> 1AL < el H
remark frames on egress CoSName PLUS + —— v CoS Name ROCK

to the ENNI to align with N ARE
MEF CoS Labels whichare €05 Name 5QU CoS Name PAPER

CoS Label M
associated with specific CoS Name HEART / CoS Name SCISSORS
Performance Objectives, /
PCP values, BWP, etc. CoS Name COAL Cos Label L

Figure 2: CoS IA Motivation Examplei ENNI Mapping

Note that in the figurelmve the 3 CoSlames used by the Operafeck, PAPER SCISSOR$

may algn with the CoS IA Three CoS Label Model. A case could be constructed where neither
CEN complies with the CoS IA Three CoS Laldbdel at the UNIs in thei€CEN, but both map

to the CoS IA Model at the ENNI. A Three CoS Label Model is specified in order to satisfy the
competing needs of a diversity of applications, finding common needs among Operators, limited
CoS ldentifier and Cololdentifier field value space (e.g., 8 possible PCP values) and ensuring
sufficiently simple interoperabilityThis CoS IA allows any subset of the 3 CoS Laltelbe
specifiedfor a given EVC or OVC

In addition, interconnection at the ENNI faces ¢hallenge of providing UNto-UNI CoS with
multiple OperatorsEach Operator will provide a subset of the OVCs that make up thelBVC.
addition to the need for CPOs associated with the-tdNUNI EVC, interworking and

performance will be facilitated if ea Operator has CPOs for their OVCs that are consistent with
the EVC CPOs.

This document is organized as follows:

1 Section 8 includes definitions of key terms followed by the requirements associated with
the Class of Service Model.

MEF 23.2 © The MEF Forum 2014, 2015, 2016Any reproduction of this document, or any portion thereof, shall Pagell
contain the following statement: "Reproduced with permission of the MEF Forum." No user of this
document is authorized to modify any of the information contained herein.



MEF Carrier Eth ernet Class of Servicé Phase 3

1 Section 9 includes a degation of the Performance Metrics, the Parameters used for
measuring Performance Objectives and the Performance Objectives for the three CoS
Labels by Performance Tier.
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8. Class of Service Model and Objectives (Normative)

This section includes definitions kéy terms in section 8.1 followed by the details of the MEF
Class of Service Model in sections 8.2 through 8.7.

8.1 DEFINITIONS OF KEY TERMS
This section includes the definitionslady terms that are used throughout this document.
1 Class of Service Name (CoSame) in section8.1.1
Class of Service Label (CoS Labelp section8.1.2with additional detail in sectio8.6
Ordered Endpoint Pairs (OEPP)in section8.1.3
Performance Tier (PT)in section8.1.4
Class of Service Frame Set (CoS & section8.1.5
Class of Service Identifier CoS ID) in section8.1.6with additional detail in sectio8.2
Color Identifier (Color ID) in section8.1.7with additional detail in sectiod.2

= =2 A -4 A -2

8.1.1 Class of Service Name (CoS Name)

A CoS Name is designation given to one or more sets of performance objectives and associated
parameters by the Service Provider or Oper&wamples of CoS Names deonze, Gold,
Silver,andPlatinum.

8.1.2 Class of Service Label (CoS Label)

A Service Provider or Operatoar use many CoS Names, each with several different sets of
performance objectives and associated parameters. A key goal of this document is to standardize
three CoS Names and the values for the sets of performance objectives and associated
parameters. Theghree CoS Names are called CoS Labels and are desighatedndL.

These informally refer to High, Medium and Low. The order of the CoS Labels is based on the
traffic classes ii2] and their associated PCP valugach CoS Label identifids/e

Performance Tiers where each Performance Tier contains a set of performance objectives and
associated parameters.

CoS Labels dmotimply any specific implementation of network priority mechanisms (e.g.,
strict priority queuing weightedfair queuing etc.) in handling &rame.

CoS Label is independent of all Service Provi
Users of thidA, such a©perators an&ervice Providerg;anassignanybrand or marketing
namegdesiredto theMEF compliantCoSLabelsfor their own services

[R1] A CoS LabeMUST be one oH, M, orL.
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8.1.3 Ordered Endpoint Pairs (OEPP)

MEF 10.3[1] and MEF26.2 [10] specify a set of Performance Metrics on which @asS IA is
based. These performance metrics are all defined away@erformance metrics so
performance islefinedon orderedUNI pairs for an EVC andrderedOVC EndPointpairs for
an OVC (inotherwords, a b is distinct from b a). Since many of th@escriptions in this
document apply to both EVCs and OVCs, the term Ordered Endpoid{BEIPP) is used
generically.

8.1.4 Performance Tier (PT)

Performance Objectivewith the exception of the Ongay Availability Performanceapply to
Quialified Frames in a EVC or OVC. Clearly, the objectives for a frame arriving at an External
Interface (EI) depend on the EI that the frame will be delivered to. For example, the beograp
distance between the Els has a significant bearing on the Frame Delay. This Implementation
Agreement provides guidance to Service Providers, Operators, and Subscribers by specifying
five sets of CoS Performance Objectives (CPOSs) called PerformanegHi&). Each set

includes objectives for seven performance metrics for fioipbint and multipoint CPOs.

The PTs are defined on the basis of geographic distance between the Els, but the choice of a PT
can depend on several considerations such asuthbar of switching hops or speed of links
traversed, including access links. Note that the speed and technology used for links is a factor in
delay that can be significant. For example, for a 1500 byte frame the serialization delay on a 2
Mb/s link can beabout 6 ms and the delay for certain multiple physical link bonding

technologies and associated fragmentation arfdadgnentation can add several additional
milliseconds.

This Implementation Agreement requires, for a service that uses a CoS Name MBHLaS

Label, that CPOs that are specified in the SLS for frames with that CoS Label be consistent with
the CPO ranges specified in an appropriate Performancerlhisiconnection is madey

associating a PT with a subset of OEPPs in the service.slthiscussed in sectiél.50n CoS

Frame Sets.

When an Operator (in agreement with the Service Provider) chooses a PT that is most applicable
for a given set of amesfor a given CoS Labethe Operator may base that choice on any criteria
(e.g., distance, link speed). Setting the proper PT (i.e., CPO set) for OVCs requires a concept of
CPOs for each OVC that composes an EVC that are consistent with the EVC GROs. T
discussed in sectidh 3.

In terms of the requirements of this ldistance between Els is not a performaredated

parameter that must be measured andrted by an OperatoDistancds only used to derive

CPOs in this IATherefore precise definitions regardimgw to measure and repaiistances

between Els are not necessary. The CPOs for a given PT may be viewed as a set of CPOs for a
particulardield of uséor éarea of applicabilit§from the Operator point of viewhe Operator

3 The number of OEPPs in a service withotal endpoints ant leaf endpoints i$N*(N-1))-(L*(L-1)).
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need not adhere to the distances used in the derivation of a PT in their use of a pavtiEElar
PT.

In deriving PT CPOs for CoS IA, assumptions were made about mappinglichtipns to one
or more CoS and PT. In CEN implementatioretipular applications may beapped
differently. For examplea subset of th# obile Backhaultraffic may have some of tremaller
FD/MFD valuerequirements and these requirements may only be achievabaiticularPT
set that idased on relatively low propagatigminimum)delay. CoS IAdoesnot normatively
make such application or service exclusions however.

This 1A uses distance as thampary means of describing PTs and deriving minimum delays. The
distances stated for each PT can be considered as approximate distance only if the assumptions
stated inAppendix Aare applicable. Below are tfige PTs defined in this IA with the format:

PT Number (PT Name)Description (distance, derived propagation delay used in CPO
constraints to establish a minimum per PT).

1 PTO0.3 (City PT) derived from distanceless than Metro in extent (<75 km, 0.6 ms),
T PT1 (Metro PT) derived from typicaMetro distanceg<250 km, 2 m3,

1 PT2 (Regional PT) derived from typicaRegionaldistance$<1200km, 8 mg,

l

PT3 (Continental PT3 derived from typicaNational/Contientaldistanceg<7000km,
44 m3,

1 PT4 (Global PT) derived from typicalGlobal/Intercontinentalistanceg<27500 km
172 ms)

Appendix Adescribes hoWT sets were derive@istances araeot normative and amnly used
to provideper PT delayelatedCPOconstraintsTheintentis to provide a range &fT ses that
address Catrer Ethernet Networks of different geographic coveratesign and scop€hus a
five PT model is adopted for MEF CdSbels.CPO valueset are specified in a separate table
perPT.

Note that in this document, the Parameters for the Performance Msgédcsgctios.2) have the
same values across all Performance Tiers.

8.1.5 Class of Service Frame Set (CoS Frame Set)

Different pairs of end pointsanhave different pdormance characteristics (driven heavily by

their geographic span but also by other facteosthe performance objectivis different
OEPP<anbe different. Consider, for example, a service (EVC or OVC) that has an endpoint in
San Francisco, an endpoint in Los Angeles, and an endpoint in New York. Clearly,
performance objectives for the various delaelated performance metriesll be different for

frames flowing between LA and SF than for frames flowbegveen SF and NY or LA and NY.
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The Service Level Specificatibfor an EVC or OVC contains a lig#M, of Performane

Metrics. For each of the Performance Metrics definadl] and[10] (e.g., Oneway Frame

Delay), PM contains a list of Performandéetric-Specfic Parameters and a Performance
Objective.PM can contain multiple entries with a given Performance Metric Name, but one or
more of the parameter values associated with each objective for a given Performance Metric
Name need to be diffeméfrom each othe(from[10]).

Two parameterthatare common to all entries in tfM list area Class of Service Nam€pS
Nameand aset of OEPPsS. Therefore, there can be féifent objectives for the same
Performance Metric if the objectivepply todifferent sets of OEPRs different CoS Names
For examplefor an EVC with UNIs numbered 1 through 3

Performance Metric S CoS Name __ PM Objective
Oneway Frame Loss Ratio#],23a2,1Q; Bronze  0.02
Oneway Frame Loss RatioaB,1041,3043,2Q42,3¢, Bronze  0.025%
Oneway Frame LosRatio, {al1,2042,1Q Gold, 0.01%
Oneway Frame Loss Rati¢a3,1041,304 3,24 2,3, Gold, 0.015%

These PM entriefor the same Performance Metric (Gway Frame Loss Ratiodicate that

for class of servieBronze theobjective is .0% on ordered UNI pairdl,20anda2,1Q'and it is
.025% on ordered UNI pairé8,10dl,30'a3,20 andd®,30A tighter requirement is listed for class
of serviceGoldfor the same sets of OEPRAEF 10.3[1] and MEF 26.210] do notincludeany
constrainton how the ordered End Point pairs arganized however theCoS Frame Set
(defined below) along witfR1], and[R2] provide requirements for classes of service based on
MEF CoS Labels

Performance Objectives can be specffied all of the OEPPs in a service, or on a subset. In this
document we assume tifar each CoS Nam&N, there is a Metric SelM Scn, that contains all
OEPPs in a service for which performance objectives are specified (for that CoS Name). The
cardinality ofMScn can range from O to the total number of OEPPs in the service (except for
leaf-to-leaf OEPPs) and it can be different for each CoS Name in the service.

It is, in theory, possible to specify different performance objectives for each OBRENNbuUt
this is usually not practical. It is more likely that OEPPs with similar pedooa characteristics
are grouped together and have a common set of performance objectives applied to them.

Therefore subsets MScn, { S 1 é,3/hich we callEndpoint Groupscan be defined and
performance objectives can be associated with eatteseEndpoint Group.

For example, in the PM list in the example abd&zoid andMSsronzehave bothbeen split into
two Endpoint GroupsstandS:

MSsronze=M Ssold ={©1,ZOCQ,1053,1O@1,3O’@3,2052,3@

4 This reflects the definition in MEF 26.2 and assumes the same structure will be addel 1®M in a future
revision.

5 The SLS can specify performance objectives for some sets of OEPPs even if there is no intention (capability) of
continuously monitoring/measuring the performance.
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S={a,20®,1¢  9={3,1048,308,202,3¢

[D1] If, for CoS Name&N, the OEPRX,yOs a member of a Endpoint GroGp/
MScn, then if the reverse OERR,xA's in M, it SHOULD also be a member
of S

[D1] recommends that the forward and reverse paths for a paieaf Endpoints should be part
of the same Endpoint Group.

A CoS Frame Seis a way to group the frames that are transported by an EVC or OVC into
classes that are subject to common sets of performance objecti@e§ Rrame Seincludes
frames that are Qualified (i.e., subject to SLS performance objectives) and those rtloat feoe
example, a frame declared yellow by a Bandwidth Profile is not subject to any performance
objectives but is part of @S Frame Set

A CoS Frame Sefor a CoS Name can be described by thef2e FS={CN, S/ MScn} where
CNis a CoS Name arfsk is an Endpoint Groug=Srepresents all of the frames with CoS Name
CNthat arrive at Endpoird for delivery to Endpoinb for all OEPPsfa,bQin S..

[R1] If CLis a CoS Name that is a MEF CoS Label, the Endpoint Groups defined for
CLie.,{ S1 é,MST be a partition oMScL.

RequiremenfR1] means that every OERR,yOIn MSc. must reside in one and only one
Endpoint Group,S.

[R2] If CLis a CoS Name that is an MECoS Label, each CoS Frame Set associated
with CL MUST be associated with one of the Performance Tiers (PT) defined in
this Implementation Agreement and all Performance Objectives defined in the
SLS for the CoS Frame Set must be consistent with the rapgesied in section
9 for the PT.

8.1.6 Class of Service ldentifier (CoS ID)

CoS ID is a Service Attribute that describes how the Service Frame or ENNI Frame intieates
CoSNamefor the frameCoS ldentifies for an EVC at aUNI arespecifiedin [1] section10.2
CoS ldentifiers for a®VC End Pointarespecifiedin [10] sectionl16.6.

8.1.7 Color Identifier

Color Identifier (Color ID) is &ervice Atribute that describes how the Service Frame or ENNI
Frame indicags Color (e.g., Color Identifier can indicate a Yellow frame at an ENNI vi&the
TagPCP or DEI)Cdlor Identifiersfor an EVC at a UNI arspecifiedin [1] section10.3.Color
Identifiers for anOVC End Pointare specified ifi10] sectionl6.7.

Note thatthe frameColor can be critical, even in ¢hcase where the receiving Operator has not
applied aringress Bandwidth ProfiléThis is becausitames with Color indicated as Yellow are
not considered Qualified Frames, as describgtl]iand[10], and hence any CPOs specified in
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the SLS do not apply to them. This in turn can affect timweceiving Operatahoosego
gueue and schedule the frame

8.2 CoS IDENTIFIER AND COLOR IDENTIFIER REQUIREMENTS

At an ENNI (meaning an OVC End Point at an ENNI that is not in a VitHiB)IA does not
impose any constraints on the selection of CoS ID and Color ID beyond tH&&¢ in

At a UNI (meaning an EVC at a UNI or an OVC End Point at a UNI) or a VUNI (meaning an
OVC End Point at an ENNI that is in a VUNI) this IA does not impose any constraints on the
selection of CoS ID beyond those[i] and[10]. This IA imposes the following constraints on
the relationshimf CoS ID toColor ID:

[R3] When CoS ID is based @ixTagPCPat a UNI or VUNI any Color ID used
MUST be based on the-TagPCPor C-TagDEI.

[R4] When CoS ID is based dnternet Protocoat a UNI or VUNI| any Color ID used
MUST be based on thaternet Protocol

Section8.6.2contains dditionalrequiremerd on the mapping of CoS ID values t€aS Name
that apply when the CoS Narnsea CoS Label

8.3 CoMPOSING END-TO-END CPOs

An EVC can be composed of multiple concatenated OVCs. When this is done,-tD¥ @er
CPOs must be consistent with the ¢agnd EVC CPOs.

ITU-T Recommendation Y.1546] defines methods for concatenating performance objectives
or measurements for Ethernet Network Sections (ENS) intdceadd performance objectives
(this is described il\ppendix B. Per the ITUT definition, an ENS aligns with a CEN.

For MEF services it is possible that a given EVC is supported by multiple OVCs (including the
case where there are multiple OVCs in a single CEN). The ENS model in Appendix B can be
applied to the relationships the various OVC CPOs have with the EVC @&R{ds other OVC
CPOs that compose the EVC when there is one OVC in each CEN. Appendix B provides a
concatenation method example and associated guidelines for a subset of Performance metrics
based on the methods[B]. Concatenation is sometimes described as accumulating or
combining sections. Concatenation is part of composing th¢oesmad (UNHo-UNI) CPOs.
Allocation is the inverse of concatenation. AppendigrBvides no direct method of calculating
allocation but does provide guidance for an indirect approach based on iteration. Allocation
facilitates establishing CoS Frame Set performance budgets for each Operator or domain.

For the case where multiple OVQ@sa single CEN support an EVC (e.g., with hairpin
switching) the composition methods described
AOVCO.

Note that the definition of delay [d] and[10] includes the delay incurred in traversing each

ENNI thus the calculated delay for the UNNI using concatenated OVCs will be slitgh
overstated. Se&ppendix Bfor more information.

MEF 23.2 © The MEF Forum 2014, 2015, 2016Any reproduction of this document, or any portion thereof, shall Pagel8
contain the following statement: "Reproduced with permission of the MEF Forum." No user of this
document is authorized to modify any of the information contained herein.



MEF Carrier Eth ernet Class of Servicé Phase 3

The ability to allocate EVC CPOs and concatenate OVC CPOs is motivated by several factors.
These include:

1 Existence of typical administrative and network boundaries that exist between CENSs at
ENNIs and within Operator networks between administrative and technology domains
(e.g., between access networks and Ethernet networks).

1 Establishment of clear responsibilgiéor an appropriate budgeted part of the NI
UNI CPO for each OVC and its Operator (or domain within a CEN).

1 Specification and reporting of CPO related SLS results (e.g., performance for each OVC)
in an EVC that traverses multiple CENSs.

Figure3, Figure4, andFigure5 illustrate use cases for assignmenP®§ to OEPP in OVCs
Figure3 represents the simplest caspoit-point EVC in a single CEN. In this example, an
EVC6s CPOs wutilize t HOUNIRSI set of CPOs for UN

PT3 CPOs for EVC (UNI-to-UNI)

Figure 3: Example Performance Tier for a SingleCEN EVC

In Figure4 the EVC traverses an ENNI that connects two CENSs.

PT3 CPOs for EVC (UNI-to-UNI)
.

ENNI

PT1 CPOs for OVC1 PT2 CPOs for OVC2
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Figure 4: Example PerformanceTiersfor a Multiple CEN EVC and OVCs

The EVC will still have a UNko-UNI CPO sébased on PT3 as represented by the bracket on

top. The OVCs that compose the EVC may have CPOs as represented by the bottom brackets. In
this examplethe OVC in CEN1 (UNito-ENNI) and the OVC in CENRENNI-to-UNI) usethe

PT1 andPT2 set of CPQgespetively. Note that the OVC CPO values in PTi®43n this 1A are

not likely to concatenate precisely to the EVC CPO values in PF@ables in this IAHow

CEN Operators arrive at acceptable objectivdmigond the scope of this |1As stated

previously,the composition modehcludes both allocation and concatenation. While the

example inFigure4 is UNI-to-ENNI, a similar case can be constructed thaludes ENNito-

ENNI OVCs or the case of a multipoint EVC with a subset of ordered UNI pairs mapped to a PT.

Figure5 represents the cases described above with a multipoint EVC that spans two CENSs.

EVC has 2 CoS FS (CoS FS for PT3 has 4 OEPP
CoS FS for PT2 has 2 OEPP)
N .

— ( 7~ PT3:SoN N\
CPOs L Y PT3:5-B N/ PT2:BoN )

Philadelphia

PT3:S-P

CEN1

ovc [

CPOs L OVC1 has 1 CoS FS with 2 OEPP OVC2 has 1 CoS FS with 6 OEPP

Figure 5: Example Performance Tiers for a Multi-CEN/Multi -Point EVCs and OVCs

Thecompositionmodel caralso be applied to scenarios in which a CEN that would appear from

the outside as a single CEN is actually decomposed into multiple administrative based CENSs.
The CPOs for each of these component CENs can be composed into CP@&afgethiCEN

An example of this would be a Service Provider that has subsidiaries that provide access service
CENSs on each end and a CEN providing a transit service in the middle. These could be treated as
three CENSs for the purpose of setting CPOs. The BFOVC must meet the performance

objectives agreed to with theiSscriber or Service Provider regardless of whether the EVC or

OVC spans a single CEN or multiple CENs. The SP needs to carefully consider the performance
objectives for each metric for ea€fEN in order to determine the etmend CPOAppendix B

provides guidance on this process.

See AppendiB.4 for guidelineson howto apply the concatenation methods
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8.4 BANDWIDTH PROFILE AND COLOR

[1] and[10] provide no requirements or guidelines for how the various BandwidtHdProfi
models should be applied in the various CoS ID optiBasexample, at the UNI the choice of
Aper UNI 0, fiperNaiey CBa md wiignedels @rotRbrsttaieed by the
choice of CoS IDFor example, the choice of Cag PCP for CoS ID igery relevant when using
afiper Natne®S Bandwi dhuthhe éhpoiae ofidlagPCP CoS ID does not preclude
usi ng a dfppeear WEWANM®@dthgnofile modelThe service specifications [h6]
provide certain constraints for which Bandwidth Profile models are allowed for each MEF
service For example[l6]d o es not alodro wi piedngreEsMBdriesiBandwidth
Profiles for any EVC servicggnd does not allow arfygress Bandwidth Profile fdfthernet
Private Line (EPL) service

ThisIA complementshoserequirement$y requiringthat the Bandwidth Profile granularity
matches Co8lamegranularity.Only when a single CoSameis presentatan EVCwilli p e r

EVCO Bandwidth Profil e 6IaméFRorceganplafmultipla @Sgr an ul
Names are mapped to dmgress Bandwidth Profié@ per EVCO, t hewBmndwi dt h

be able to 6pol iCopeNameSer vi ce Fr ames per

[R5] Whenlingress BandwidtiProfiles and an SLS with at least one Performance
Objective are preseningress BandwidtRrofilesMUSTut i | i ze t he
Named moird[H and[10].

[R5] means that thengressBandwidth Profilenodelneeds to have a Bandwidth Profilew
for each CoS Nami provide the best chance of delivering on the CHRRSS] appliesat aUNI,
at a VUNI,andat anENNI.

8.4.1 Bandwidth Profile Compliance

In this 1A, use ofthe termsCoS ID,Bandwidth Profile and Colds consistent witfj1] and[10]
for the UNI and10] for the ENNI. Indicationof Color can be used fadicatewhich frames are
deemed to be within or outside of the SLS according ttnipessBandwidth Profileand the
definition of Qualified Frames froifd] and [10]. As stated iff1] and[10] all performance
metrics(except Onevay Availability Performanceare defined such that they only apply to
Qualified Frames.

Levels oflngress Bandwidth Profileompliance ar&reen when fully compliant (compliant with
CIR, CBS),Y ellow whenthere issufficientingress Bandwidth Profileompliance for
trangnission but witlout SLS PerformanceDbjectives(compliant with EIR, EBS) anBed when
notIngress Bandwidth Profileompliantwith either Green andrellow framesareidentifiedas
suchin this IA. Red frames are discardddote that the ITU terminology [6] for Greenis
Discard Ineligible frames and for Yellow/Red it is Discard Eligible frames.

When there is ningress Bandwidth Profilemplicit rate limitingis provided by the bandwidth
limits of theEl Ethernet linls. The requiremerstin this CoS IA for the case of hagress
Bandwidth Profileapply. In particular, any frame successfully transmitted acogs is
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considered &reenframeunless theColor Identifierindicates that it is Yellow in wibh case it is
considered Xellow frame

8.5 SERVICE TYPE APPLICABILITY

Any of the MEF CoS.abelscan be used witkervices based amyof the EVC typeslefinedin
MEF 10.3[1] andany type of the OVC types defined in MEF 2@r2particular,Point-to-Point
EVCYOVCscanuse the same CdSbek as Multipointto-Multipoint EVCYOVCs At an
External Interface specific implementation might serve these different service types using
separatdéreatment (e.ggqueued MEF CASIA is intended to be applicable Roint-to-Point
Multipoint-to-Multipoint andRootedMultipoint EVCsand OVCsncluding the case where
some or allarepresensimultaneouslyn agivenEl.

For exampleserving anEVP-LAN might be more complex than an ENVFA given OEPPon a
Multipoint-to-Multipoint EVC may communicate Service Frames using different paths within a
CEN andamongdifferent Oerator® CENs compared to the paths and network traversed by
Service Frames fromnothetOEPP inthe same EVC. Thiand the variabilityof traffic between
UNI pairswithin a givenEndpoint Grougwith >2 OEPP$ within compliance of théngress
Bandwidth Profilecan complicate meeting CoS Performance Objecfmellultipoint EVCs

and OVCsCareful use omultiple CoS Frame Setan help to better characterize théfican a
multipoint EVC or OVC.

Consistent wh [1] and[10], the MEFCPOsapplyto frames in CoS Framgets associated with
CoS LabelsWhen theCoS Frame Set is associated with an Endpoint Group containing two or
more OEPPghe performanceas based on theworstp ai r 6s per f or mance.

8.6 THREE COS LABEL MODEL

TheThreeCoSLabelModel provides normative informatiorior the CoSLabek defined in this
IA: H, M, and L The normative information includésgressBandwidth Profileconstraints
CoSldentifierandColor Identifier values, and CPOShe requirements in this model apply to
EVCs and OVG.All CPOrequirements refer toNI-to-UNI, UNI-to-ENNI, ENNI-to-UNI, and
ENNI-to-ENNI performance.

CoS Labels H, M and L informally refer tagth, Medium and Low, and are differentiated by
their performance requirements.

1 H7 intended forapplications that are very sensitive to loss, delay and delay variation
such as VolP and mobile backhaul control

1 M intended for applications that are sensitive to loss but more tolerant of delay and
delay variation such as neaattime or critical des applications.

1 L7 intended for applications that are more tolerant of loss as well as delay and delay
variation such as necritical data applications.

Since this CoS IA supports the use of all or of any subset of the three CoS Labels, there is a need
for interworking or mapping when different operators use different sulbsetexample,
Operator ofCEN 1 adoptsall CoSLabelsin the ThreeCoS Label Mode&dnd Operator o€EN 2
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adoptsa sibsetwith 2 CoSLabelsincluding CoS LabalH and L If CEN 1 andCEN 2 are
connected via aBNNI there is a need for mapping between thewealels.

8.6.1 Ingress Bandwidth Profiles for CoS Labels

This 1A does not mandate that an EVC or OVC with CoS Latmleingress bandwidth
profiles, however in order to support tintended applications for those CoS Labels this IA does
impose constraints when ingress bandwidth profiles are present.

[R6] When & ingressBandwidth ProfileFlow is present for a CoS Label at an El, the
value of the CB®arametefor that lowMUST be eitherequal to zero or greater
than or equal to

o For an EVC, the EVC Maximum Service Frame Size as definbtEiR 10.3[1]
o For an OVC, the lower bound specified in Taéleof MEF 26.2[10]

[R7] When aingressBandwidth ProfileFlow is present for a CoS Label at an El, the
value of theEBS parametefor that flowMUST be either equal to zero or greater
than or equal to

o For an EVC, the EVC Maximum Service Frame Size as definbtEiR10.3[1]
o For an OVC, the lower bound specifiedTable47 of MEF26.2[10]

[R9] and [R10] mean that setting CBS or EBS to a value greater than zero is necessary and
sufficient to ensure that the BWP is capatifieleclaring ingress frames of any allowable size to
be green or yellow, respectiveljhis is not meaningful in a practical sense, however, unless the
bandwidth profile is also configured to alldokens to be replenished as they are consumed.

[R8] When an ingresBandwidth Profile Flows present for a CoS Label at an El, and
when the value of CBS is greater than zero, the other BWP parameters for that
flow MUST be configured in a way that allows tokens to be added to the
committed token bucket ovéme.

[R9] When an ingresBandwidth Profile Fow is present for a CoS Label at an El, and
when the value 0EBS is greater than zero, the other BWP parameters for that
flow MUST be configured in a way that allows tokens to be added to the excess
token buckebver time.

The configurationsor a Bandwidth Profile Flowhat allow tokens to be added to a committed
token bucket include:

1) CIR max> 0 and CIR> 0, or

2) CIR'max> 0 and théBandwidth Profile Flows in an envelope where the next higher rank
flow hasCP = 0 and has a configuration that allows tokens to be added to its committed
token bucket over time.
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The bandwidth profile configurations that allow tokens to be added to an excess token bucket
include:

1) EIRmax> 0 and EIR> 0, or

2) EIR'max> 0 and CF= 1 and the configuration allows tokens to be added to the committed
bucket over time, or

3) EIR'max> 0 and theBandwidth Profile Flows in an envelope where the next higher rank
flow has a configuration that allows tokens to be added exi@ssgoken bu&et over
time.

CoS Label H i s typtocndlyloy sceorrnvsiicdee r ehdo wee viegrr e etn i
yel LOGw® Label M i s typiycelllloywadc osnesrivdiecree,d hao wiegwr ec
be f@mead LabellL istypicallyconsiderd a -yighlkewo -onl fipebkeowic
however it 1 s -ahl Biaisthrmalizedin the féllgmng requirements:

[R10] When a ingressBandwidth Profile Flows presenfor CoS Label Hit MUST
have CBS > 0.

[R11] When a ingresBandwidth Préile Flow is presenfor CoS Label Mit MUST
have CBS > 0.

[R12] When a ingresBandwidth Profile Flows presentor CoS Label L.it MUST
have CBS + EBS > 0.

When a bandwidth profile specifies CBS = 0 for CoS Lab#¢hé CoS Frame Set associated
with the bandwidth profile wiltontain onlyyellow frames Since there are ngreen frameg
such a CoS Frame Set the Performance Objectives for CoS Label L in SeZtiauld not
apply to any frames in the CoS Frame Set.

8.6.2 Mapping CoS ID and Color ID to CoS Label and Frame Color

To promote consistency in the way CoS ldentifier values map to CoS Labels and frame color,
this IA recommensd mappings at a UNI or VUNI arréquires mappings at an ENNI.

For conveniencd, he phrase fAat a UNI O means an EVC at
locatedataUNILi kewi se Aat a VUNI O means an OVC End
isinaVUN , and Aat an ENNI O means an OVC End Poi i
in a VUNI.

Table3 provides the Color ID to ingress Service Frame Color mapping when the CoS Identifier
is based on EVC or OVC only at a UNI or VUNI.

[D2] AtaUNI or VUNI with CoS ldentifier based daVC or OVCENd Pointonly and
a Color Identifier based on Internet Protgebthe CoS Identifier maps to a CoS
Label, theran ingress frame with DSCPvalue matching an entry in tliest
column ofTable3 SHOULD map to the correspondirglor in Table3.
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[D3] AtaUNI or VUNI with CoS Identifier based d&8VC or OVCEnNd Pointonly and
a Color Identifier based on-tag PCRif the CoS Identifier maps to a Co&thel,
thenan ingress frame with C-tag PCPvalue matching an entry in tlsecond
column ofTable3 SHOULD map to the correspondirglor in Table3.

[D4] AtaUNI or VUNI with CoS ldentifier based d&vVC or OVCENd Pointonly and
a Color Identifier based on-tag DE] if the CoS Identifier maps to a CoS Label,
thenan ingress frame with C-tag DElvalue matching an entry in thieird
column ofTable3 SHOULD map to the correspondiraglor in Table3.

Table4 provides the CoS and Color Identifier to ingress ElI Frame CoS Label and Color mapping
when tte CoS and Color Identifiers are based on Internet Protocol, PCP or PCP ar{d|DEI.
and[10] require that when the CoS Identifier is based on Internet Protocol or PCP, all DSCP or
PCPvalues map to a CoS Name. Ingress frames with CoS Identifier values that are not
constrained to map to a specific CoS Labelhple4 can be mapped to any CoS Name,

including a CoS Name with a performance characteristic of discarding all ingress framas.
multi-CoS EVC that supports only the standard MEF Calselsas defined in this document,

tables providingexamples of full PCP and DSCP mapping at a UNI aratéatinAppendix D
Providing the same CdSabelmapping on all UNIs for a given EVC will minimizabscriber
confusion.

Since a given EVC or OVC isot required to have all CoS Labels, an ingress frame could
contain a CoS Identifier value thaable4 indicates is mapped to a CoS Label that is not in the
EVC orOVC. In this case the CoS ldentifier value can be used to map the ingress frame to any
CoS Name.

When the Co%nd Colordentifier are bothbased on $ag or Gtag PCPthere are only two

PCP values that are not includéable4 and are always available to be used to map ingress
frames to a different CoS Name. As noted above, when a PCP value indicates a CoS Label that
is not in the EVC or OVC at the receiving CEN, the PCP value can be used to map ingress
frames to a different @ Name. Furthermore, its possible thatable4 indicates &CoS Label

and Colorcombinationfor a particular PCP value where the indicated Cislootrelevantto the
indicated CoS Label due to ingress Bandwidth Profile configurat8pecifically the CoS Label

and Color combination isotrelevantto theCoS Label in theeceiving CENwhen

1. When the indicated CoS Label has a Cd@tind ingressBandwidth Profile and has PCP
Preservation disabled, the PCP value indicating Yellow is not relevant to this CoS Label.
(Ingress frames with this PCP value would be treated exactly like ingress frames with the
PCP value indicating Green.)

2. When the indicatd CoS Label has a Colédware ingress Bandwidth Profile with EBS =
0, the PCP value indicating Yellow is not relevant to this CoS Label. (Ingress frames
with this PCP value would be declared Red and discarded by the ingress Bandwidth
Profile.)

3. When the mdicated CoS Label has a Coelaware ingress Bandwidth Profile with CBS =
0 and has PCP Preservation disabled, the PCP value indicating Green is not relevant to
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this CoS Label. (Ingress frames with this PCP value would be treated exactly like ingress
frames with the PCP value indicating Yellow.)

In these cases the Service Provider and Operator(s) can agree that all frames on the El that map
to this CoS Label will use a single PCP value, which allows the PCP value that would indicate
the Color that is notalevant to the CoS Label to be used for any other CoS Name.

[D5] AtaUNI or VUNI with CoSand Colordentifiers based onnternet Protocglan
ingress frame witla DSCPvalue matching an entry in tiiest column ofTable4
SHOULD map to the corresponding CoS Label aalbbr in Table4 if the
EVC/OVC has that CoS Label.

[D6] AtaUNI or VUNI with CoSand Colordentifiers based orC-tag PCP, an ingress
frame withC-tag PCP value matching an entry in #fegondcolumn ofTable4
SHOULD map to he corresponding CoS Label acwlor in Table4 if the
EVC/OVC has that CoS Labahdthe corresponding color is relevant to that CoS
Label in the receiving CEN

[D7] AtaUNI or VUNI with CoS Identifier based oG-tag PCP and Color Identifier
based orC-tag DEI, an ingress frame witrtag PCP and DEI values matching
an entry in the third column dfable4 SHOULD map to the corresponding CoS
Label andcolor in Table4 if the EVC/OVC has that CoS Label.

[R13] At an ENNI with CoSand Colordentifiers based on $ag PCP, an ingress ENNI
frame withandS-tag PCPvaluematching an entry in th&econdcolumn ofTable
4 MUST map to the corresponding CoS Label aolbr in Table4 if the OVC
has that CoS Labeind the corresponding color is relevant to that CoS Label in
the receiving CEN

[R14] Atan ENNI with CoS Identifier based ont& PCP and Color Identifier based on
Stag DEI, an ingress ENNI frame witht&g PCP and DEI values matching an
enty in the third column offable4 MUST map to the corresponding CoS Label
andcolor in Table4 if the OVC has that CoS Label.
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CoS ID = EVC or OVC EP
Color ID = IP Color ID = PCP Color ID = DEI
Colo#f
DSCP (PHB) PCP DEI
28 (AF32),
30 (AF33), 4,
12 (AF12), 2, 1 Yellow
14 (AF13), 0
0 (Default)
7!
All 6,
other 5, 0 Green
values 3,
1

! Note that [R103] of1] requires that a Service Frame without a Color ID (e.g., an untagged Servicewtrame

Codlor ID is based on PC#&r DEI, or a noAlP Service Frame when @o ID is based on Internet Protogod be
Green.

Table 3: Color whenthe CoS ID isbased onOnly EVC or OVC EP at a UNI or VUNI
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CoS and Color Identifiefs
CoSID=1IP CoS ID = PCP CoS ID = PCP
Color ID = IP Color ID = PCP Color ID = DEI
Color? CoS Label
DSCP (PHB) PCP PCP ; DEI
46 EF)
5 5;0 Green
44 (VA)
H
4 5;1 Yellow
26 AF3) 3 3;0 Green
M
28 (AF32),
2 3;1 Yellow
30 (AF33)
10 (AF11) 1 1;0 Green
L
12 (AF12),
14 (AF13), 0 1;1 Yellow
0 (Default)

1 Full CoS Identifier includethe EVC or OVC End Pointdentifier. This table specifies only the PCP or DSCP
values to be used with EVC or OVC End Pddwntifierto forma CoS 1D
2 Note that [R103] of1] requires that a Service Frame without a Color ID (e.g., an untagged Servicewhrame
Codlor ID is based on PCér DEI, or a noAlP Service Frame when @o ID is based on Internet Protogod be

Green.

Table 4: CoS Label and Cola when the CoS Identifier is based on Internet Protocol or
PCP at a ENNI, UNI, or VUNI

The specific values for PCP Trable4 were derived fronji2] using Tables €l and G5 Priority
Code Point Decoding he t abl
havedropeligibility PCP values)See SectioMppendix Efor table excerpts.

e

row used

i s

A5P3D0 scheme

MEF 23.2 © The MEF Forum 2014, 2015, 2016Any reproduction of this document, or any portion thereof, shall Page28
contain the following statement: "Reproduced with permission of the MEF Forum." No user of this
document is authorized to modify any of the information contained herein.



MEF Carrier Eth ernet Class of Servicé Phase 3

In[2] (Table64 fA5P3D0 rowahftfher eliassacall ed fABest
with PCP=1 when not drop eligible and PCP=0 when drop eligible. In this IA CoS Label L is
alignedwith this traffic class iff2]. In terms of Bandwidth Profile, note that CoS Label L allows
CBSor EBS= 0. The special case @BS= 0 effectively results in n€POsfor the Performance
Attributes in this I1Awhile the case o£BS > 0 requiresconformance wittCPOs From a DSCP
perspective CoS Label L &scombination of AF1 (foCBS>0) and Default (fo€BS=0) classes.

Note that the tables contain both the DSCP value and associated Per Hop Behavior (PHB),
however it is the DSCP value that is actually contained in &hEs containing IP datagranis.
service supporting IPv4 must map the DSCP values per the tablelfoiraae carrying an IPv4
datagramA service supporting IPv6 must map the DSCP values per the tablefoframe

carrying an IPv6 datagrarA service supporting both IPv4 and IPv6 must map the DSCP values
per the table for each frame carrymither an IPv4 or an IPv6 datagra@onsistent with MEF
10.3[1] and MEF 26.310], if CoS Name or color are based on DSCP, the CoS Name or color
for a ron-IP frame is determined ggreement of the parties. If a servicesloet support one of

the IP versions, EI Frames containing that version are treated 4B frames. Note that MEF
26.2[10] allows the mappings to be specifiedlependently for IPv4 and IPv6.

Per [1] and [10], the CoS ldentifier value in an ingress El Frame determin€és&idame

assigned to the EI frame by the receiving CEN. In an egress El Frame, the value of the PCP and
DEl fields is specified by the OVC Eiebint Egress Map Service Attribute in [10] whose value

is agreed upon by the Service Provider and the sending Operator. At an ENNI, the Service
Provider knows th€oSNames and correspondingTag PCP values agreed to by the receiving
Operator. This knowlige allows the Service Provider to agree to a value of the OVC End Point
Map Service Attribute with the transmitting Operator such that the egress ENNI Frame is given
the desiredCoSName by the receiving Operator CEN. When the receiving Operator CEN
suppats CoS Labels, the value of the OVC End Point Egress Map Service Attribute needs to use
the PCP values imable4. See the appendix in [10] for an example ofuke of the OVC End

Point Egress Map Service Attribute. At a UNI, the values of Hia@PCP and DEI fields in an
egress Service Frame are not constrained by this IA.

8.6.3 L2CP to CoS Label Mapping

The CoS ldentifier for L2CP frames at a UNI or VUNI can beepehdent of the CoS Identifier
for data frameg1] and[10] provide for dist of Layer 2 Control Protocols and the CoS Names
to which those L2CP frames will be mapped. When the CoS Name for L2CP frames is a CoS
Label,CoS LabeM is recommendedbased on its superior logsrformance over Colsabell,

and a desire to keep ggarate from regime applications.

When L2CP frames are mapped to a CoS Léhgl CoS Label M)they will typically share that
CoS Label withDataframes One means of accomplishing this is to use a single CoS Name, with
a singleBandwidth Profile Flowfor the combination oDataand L2CP frames that mapttze

CoS LabelAlternatively aService Provider might prefer to have sepaBardwidth Profile

Flowsfor data and L2CP frameBlapping ingress L2CBnd Data Fames at a UNI or VUNI to
distinct CoS Nam® both of which correspond to the same CoS Label (i.e. both conform to all
requirements of that CoS Labeljows them tdhavedistinct ingres8andwidth Profiles
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[D8] Ata UNI or VUNI that lists a specific L2CP to CoS Name mapping:

o If the indicated CoS Name is a MEF CoS LabebHOULD be a CoS Label M
or another CoS Label whose CoS Frame Sets have objectives fovariegame
Loss Ratio that meet the constraints for CoS Label M for the associated
Performance Tiers as specifiedTliable8 throughTable12.

o Ifthe indicated CoS Name is not a MEF CoS Lab&HOULD be associated
with CoS Frame Sets that have objectives for-@ag Frame Loss Ratio that
meet the constraints for CoS Label M for Performance Tiers that best align with
the OEPPs that the L2CPs are transported betwsespé&zified infable8
throughTable12).

At an ENNI, L2CP frames are not distinguished from data fraandshe CoS Identifier is based
on Stag PCP.

[1] and[10] do not distinguish betweeangress L2CP franssand ingress data frames for the
purposes ofletermining colarTherefore the color of an ingress L2CP frame is determined by
the Color Identifier according tbable3 and Table 4 and the associated requirememtis
recommendations
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9. Performance Metrics, Parameters, and Objectives

Definitions of Performance attributes, metrics, and associated parameters are {aliaddn
[10].

This sectiorhas three parts:

1. Requirementand recommendatiorm theuseof the various Performance Metrics
defined iINMEF 10.3[1] andMEF 26.2[10] (section9.1),

2. Required alues for the SL®arameters for the Performance Metrics when applied to
CoS Frame Sets associated withlBF CoS Labe(section9.2), and

3. RequiredPerformance Objectives (CPOs) for each Performancddri€oS Frame Sets
associated wih a MEF CoS Label (sectichd)

The requirements stated in bullets 2 and 3 above are establigRddb]n

9.1 PERFORMANCE METRICS

Oneway Frame Delay (FD) and Oweay Mean Frame Delay (MFD) form a pair for which this

IA requires support for at least one. Either one or both of these two can apply to a given SLS.
Similarly, Oneway InterFrame Delay Variation (IFDV) and O+«veay Frame Delay Range

(FDR) Rerformancdorm a pair for which this IA requires support for at least one. Either one or
both of these two can apply to a given SLS. The combination where a given SLS includes MFD
and IFDV but not FD or FDR is not recommended because this does not allow an estimate of an
upper bound one way deldgequirements below formalize this normatively. However, it should
be noted that to support EVCs etodend withOVCsit is recommendech [17] that operators
support all four frame delay metrics for OVEsirthermorein this casdhere are issues of
allocationand concatenation to consider for Performabbgectives See sectiog8.3and

Appendix B

All Performance metrics are omeay. As noted in sectioB.1.5 it is not a requirement that the
SLS include Performance Objectives for boittections of an endpoint pair. If both directions of
an endpoint pair have Performance Objectives it is not a requirement that the two OEPPs are
associated with the same Endpoint Group (and hence the same performance tier) gihpugh
recommends that they are.

The following requirement applies to all of the Performance Metugported by this IA

[R15] Inan EVC or OVC that uses a MEF CoS Label, an SLS entry for a give
performance metric and a given CoS Frame Set associated with theaBaS
MUST be specified per:

(1) The parameter values for that performance metric defined in Table 5, Table 6
and Table 7, as appropriate for the EVC/OVC type, and;

(2) The objectivedr that performance metric for the associated CoS Label and
EVC/OVC Type in Table 8, Table 9, Table 10, Table 11, or Table 12, where table
selection is dependent on the PT chosen for that CoS Frame Set.
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9.1.1 Delay-related Performance Metrics

There are four Performance Metrics associated with frame delayw@né&rame Delay (FD),
Oneway Mean Frame Delay (MFD), Oweay Frame Delay Range (FDR), and @uay Inter
Frame Delay Variation (IFDV)These Performance Metrics are defined in MEF {0}.and in
MEF 26.2[10] for Service Frames and ENNI frames, respedfivEhe following requirements
and recommendations apply to thee of these Performance Metrics in an SLS for a Class of
Service based on a MEF CoS Label.

[R16] An SLSMUST include at least one Performance Objective for either\@me
FD or Oneway MFD for each CoS Frame Set associated with a MEF CoS Label.

[O1] An SLSMAY include Performanc®bjectivesfor both Oneway FD and One
way MFD for any CoS Frame Set.

[R17] An SLSMUST include at least one Performance Objective for ei®eeway
FDR or Oneway IFDV for each CoS Frame Set associated aithEFCoS
Label.

[02] An SLSMAY include Performance Objectives for both Gmay FDR and One
way IFDV for any CoS Frame Set.

[D9] If an SLS includes Rormance Objectives for a CoS Frame ®at includes
objectives for Onavay MFD but not Onavay FD, the objectives for that CoS
Frame SeSHOULD include objectives for Oneay FDR.

CEN changes that alter delay such that delay is still within the SLSrpsathce objectives for

FD and MFD may lead to increases in FDR tamiseéhe FDR SLS objectiveto be missedror
example, a topology change during the interval T can significantly change the delay
characteristics with the result being that difference between épercentile delay and the
minimum delay over the interval become larf¢his event is isolated in timéowever, the
actualimpact of the event at the application layer will be transient and may be insigniliicant.
such cases, thgervice Provider and Subscriber or Service Provider and Operator may agree to
ignore the FDR violation, especially if it can be shown that the impact of the topology change is
the source of the miss oiGneway IFDV objective, if one is specified, is mé&rocedures

and/or criteria for reaching such an agreement are beyond the scope of this document

9.1.2 Loss-related Performance Metrics

Oneway Frame Loss Ratio (FLR) Performan@meway Availability PerformanceOneway
ResiliencyPerformancéHLI and CHLI), and Oneway Group Availability Performancare
defined inMEF 10.3[1] and inMEF 26.2[10] for Service Frames and ENNI frames,
respectively

Figure6 illustrates how the tw@neway ResiliencyPerformancattributes defineth [1] and
[10], counts of High Loss Intervals and counts of Consecutive High Loss Intervals, fit into the
hierarchy of time and other attributes.
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SLS Interval, T

e N\
( Unavailable Time 1 Available Time (Malnten%r:gi el

High Loss Intervals N@Hegn lhess
Intervals

Consecutive High Loss
Intervals

Non-Consecutive
High Loss Intervals

Figure 6: Hierarchy of Time Showing the Resiliency Attribute$

9.2 PERFORMANCE PARAMETERS

Parameters associated with Performance Metrics are specified in two ¢idwpsi[10] require

that certain parameters have a single value for all Performance Metrics specified in an SLS.
These parameters are specifiedable5. Parameters for the remaining Performance Metrics are
listed inTable6 andTable7. Table6 lists the parameters for poitd-point services andiable7

lists the parameters that are different for multipoint services. They are stated separately for each
CoS Labebutthe values are uniform across PTs. (In future phases they maydueptaPT.)

Table5, Table6, andTable7 specily Performancd’arametersequired toderive and specifyhe
CPOs inTable8, Table9, Table10, Table1l, andTablel2.

MEF 10.3[1] and MEF 26.210] include parameterS (a set of OEPPs) arm{a CoS Name) for

every Performance Metric. These are not listed in the Parameters tables since they are implicit in
the CoS Frame Set to which the CPOs applZoS Frame Set associates an Endpoint Group

anda CoS Label and a Performance Tier (PT).

The Parameters are stated as inequalities, therefioeadhParametean Operator maggree to
a valueless than the maximum or more than the minimum Parameter values

In AppendixB.4 there is anon-normativeguidanceor parameteuniformity across particular
OVCs thatcomposen EVC.

Consistent with the requirements in sect®ofj if the SLS includes a performance metric for a
CoS Frame Set that is associated with a CoS Label, the parameter values need to meet the
constraints ifrable51 Table7 and the CPO value needs to meet thestraints inTable8 i

8 Figure6 is from MEF 10.91]. Se€[1] or [10] for definitions of the terms inside the figure (e.g., Available Time).
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Table12 The entries in the tablese either a numerical limit on tiparameter or CPO value, or
"N/S", or both.The interpretatiomf theseentries is as follows:

1. If the SLS includes a CPO for a performance metric whose parameter value constraints
and CPO value constraints are listed in the table with a numerical limit, the SLS is
required to usparameter values and CPO values consistent with the tables.

2. If the SLS includes a CPO for a performance metric whose parameter value constraints
and/ or CPO value constraint are |listed wit
agreement of the partiemd not constrained by this document.

3. Ifthe SLS includes a CPO for a performance metric with a parameter value constraint
that I s specified with both a numerical I i
recommended constraint for the parameter valas stated in the table, but the SLS can
include a different value that does not meet the constraint and that is agreed on by the

parties.
ParameterSymbol (Description) Used inPerformance Metric Parameter Value
ts (SLS Start Time) ALL Any time anddate
T (Time Interval ALL XL Month

Table 5: SLS CommonParameters
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Parameter Symbol [Used inPerformanceg Parameter Valueg Parameter Values folParameter Values fdq
(Description) Metric for CoS Label H CoS Label M CoS Label L
Py (Percentile) FD 2 gg gh 2 ggth 2 ggh
P, (Percentile) 2 99.9h 2 99t or N/S N/S

IFDV
k_ (Pair Interval) 2 1sec 2 1sec or N/S N/S
P. (Percentile) FDR 2 99.gn 2 99" or N/S N/S
C (Loss Threshold) ALL A1 H0.1 A5
k {(Loss Interval) ALL XKLO sec XKLO sec XKLO sec

n(/ 2y as oz ALL YKLO YKLO YKLO

p( 2yasozi HLI, CHLI ¢5 ¢t5 ¢5

K (Number of OEPPs)Group Availability (4) NEm N/S N/S

Table 6: CoS Label H M and L Parameter Valuesfor Point-to-Point Services
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ParameterSymbol |Used inPerformancel Parameter Values|Parameter Values folParameter Values fq
(Description) Metric for CoS Label H CoS Label M CoS Label L
Py (Percentilg FD 2 98.5n 2 ggh 2 g4th
P, (Percentilg IFDV 2 98.5h 2 98th or N/S N/S
P. (Percentild FDR 2 9g8.5h 2 98th or N/S N/S

Note that the Parameters Belokhave the same valuess theParameters foPointto-PointServices

k_ (Pair Interval) IFDV 2 1sec 2 1sec or N/S N/S
C (Loss Threshold) ALL 0.1 *0.1 0.5
k {(Loss Interval) ALL YKL0 sec XKLO sec XKLO sec
n( 2y asozi ALL K10 K10 K10
p( 2y asojzi HLI, CHLI ¢5 ¢5 ¢5
K (Number of OEPPS Group Availability (4 Nz N/S N/S

Table 7: CoS Label H, M and L Parameter Valuedor Multipoint Services
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9.3 Co0S PERFORMANCE OBJECTIVES PER PERFORMANCE TIER

Table8, Table9, Tablel0, TablellandTablel2 provideCPOs for eaclPerformancenetric
per each CoS Lahdtach Table provides CPOs foneof the PTsThese are normative as per
the requirements that refer to theduote: Multipoint also includes Rooted Multipoint as gdr
and[10].

Derivation of the CPO&s found inAppendix C The remainder of this section describes the
Performance metrics and requirements for CA@Ppendix Aprovides information on the
derivation of the Performance Tiers.

The CPOs are stated as inequalities, theretaredchCPO an Operator magree taavalue
less than the maximum or more than the minimum

The tables of CPOs defirmdbjectives for multipoint services that differ from peiotpoint
services These performance values apply to multipoint services Mithor feweexternal
interfaces This document does not specify objectives and parameters for multipoint services
large than100external interfaces

These multipoint objectives also do not apply in time periods where the focused overload
condition is presenihe focused overload condition is described in AppeRdb@ A definition
of the method an operator should use to measure this conditionassedpe of this version of
the document.

In order to meet CPOg9) the case of an EVC thataemposeaf multiple OVCs alignment of
CBS between Operators and/or shaping at the ENNI is recommended. OthieviséC CPOs
in Table81 Tablel2may not be metvenif CoS Label mapping is alignekh other words, the
EVC performance may be impacted enough to cpagermance resulthatmisssomeCPOs
for the EVCor create the need to utilize a less stringentH®finformative guidance on these
issuessee BursBizeand Shape€onsiderationsAppendix G In addition,Appendix Hincludes
guidance (informative) on the choice of value for Burst Size (CBS).
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CoS Label H CoS Label M CoS Label'L
Performance
Metric
Pt-Pt Multipt Pt-Pt Multipt Pt-Pt Multipt
FD (ms) H3 n3 Ho ') KLl KLl
MFD (ms) P e e H5 *O KLO
X 5Hd@ K 5H @
IFDV (ms) XKl KL or N/S or N/S N/S N/S
FDR (ms) XKL.25 XL.25 A3or N/S | X3or N/S N/S N/S

>K001% XK dny XX dng X dnj X odm X Pm

FLR (percent) ie., 10° ie., 10° i.e., 10° ie., 10° ie., 108 ie., 108

Availability
High Loss Interval (HLI)
Consecutive HI(CHLI)

N/S N/S N/S N/S N/S N/S

One Way Group Availabilit

! Ingress Bandwidth Profile parameters may be chosen such tfrarmesaresubject to SLS
Table 8: PT0.3CPOs
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CoS Label H CoS Label M CoS Label'L
Performance
Metric
Pt-Pt Multipt Pt-Pt Multipt Pt-Pt Multipt
FD (ms) XL0 XKLO A0 X0 37 37
MFD (ms) X7 {2 XKL3 XKL5 8 30
Oneway IFDV (ms) 3 w3 HBorN/S | ¥BorN/S N/S N/S
>KL0 or >KLO or
FDR (ms) ) 6 N/S N/S N/S N/S
XK01% i.e.| X01% i.e.| )K01% i.e.| XK01% i.e.| XK1%i.e. | XK1% i.e.

FLR (percent) 10° 10 10 10 10° 103
Availability
High Loss Interval (HLI)

) N/S N/S N/S N/S N/S N/S
Consecutive HI(CHLI)
OneWay Group Availability

! Ingress Bandwidth Profile parameters may be chosen such that no frames are subject to SLS.
Table9: PT1 CPOs
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CoS Label H CoS Label M CoS Label'L
Performance
Metric
Pt-Pt Multipt Pt-Pt Multipt Pt-Pt Multipt
FD (ms) ¢ 25 ¢ 25 ¢75 ¢75 ¢ 125 ¢ 125
MFD (ms) ¢ 18 ¢ 20 ¢ 30 ¢ 32 ¢ 50 ¢ 52
¢ 400r ¢ 400r
Oneway IFDVY(ms) @8 HES] N/S N/S N/S N/S
¢ 50 or ¢ 50 or
FDR (ms) ¢ 10 ¢ 10 N/S N/S N/S N/S
FLRfercent ¢ .01% ¢.01% |[¢.01%ie.|¢.01%ie.| ¢.1%ie.,| ¢.1%ie.,
ie., 104 ie., 104 10% 104 103 103
Availability
High Loss Interval (HLI)
) N/S N/S N/S N/S N/S N/S
Consecutive HI(CHLI)
One Way Group Availabilit

! Ingress Bandwidth Profile parameters may be chosen such that no frames are subject to SLS.
Table 10: PT2 CPOs
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CoS Label H CoS Label M CoS Label'L
Performance
Metric
Pt-Pt Multipt Pt-Pt Multipt Pt-Pt Multipt
FD (ms) ¢ 77 ¢ 77 ¢ 115 ¢ 115 ¢ 230 ¢ 230
MFD (ms) ¢ 70 ¢72 ¢80 ¢ 82 ¢ 125 ¢ 127
¢ 400r ¢ 400r
Oneway IFDV(ms) ¢ 10 ¢ 10 N/S N/S N/S N/S
¢ 500r ¢ 500r
FDR (ms) ¢12 ¢12 N/S N/S N/S N/S
¢ .025% ¢ .025% ¢ .025% ¢ .025% o o
FLRercen) ie., ie., ie., ie., ¢ 'ig);'e" ¢ 'igy'e"
2.5x10 2.5x10 2.5x104 2.5x10¢
Availability
High Loss Interval (HLI)
. N/S N/S N/S N/S N/S N/S
Consecutive HI(CHLI)
One Way Group Availabilit

! Ingress Bandwidth Profile parameters may be chosen such that no frames are subject to SLS.
Table 11: PT3 CPOs
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CoS Label H CoS Label M CoS Label'L
Performance
Metric
Pt-Pt Multipt Pt-Pt Multipt Pt-Pt Multipt
FD (ms) ¢ 230 ¢ 230 ¢ 250 ¢ 250 ¢ 390 ¢ 390
MFD(ms) ¢ 200 ¢ 202 ¢ 220 ¢ 222 ¢ 240 ¢ 242
¢ 400r ¢ 400r
Oneway IFDV(ms) ¢ 32 ¢ 32 N/S N/S N/S N/S
¢ 500r ¢50or
FDR (ms) ¢ 40 ¢ 40 N/S N/S N/S N/S
FLRgercent ¢ .05% ¢ .05% ¢ .05% ¢.05% | ¢.1%ie.,| ¢.1%i.e.,
i.e., 5x1¢ | i.e,, 5x104 | i.e.,5x10* | i.e.,5x10% 108 108
Availability
High Loss Interval (HLI)
. N/S N/S N/S N/S N/S N/S
Consecutive HI(CHLI)
One Way Group Availability

! Ingress Bandwidth Profile parameters may be chosen such that no frames are subject to SLS.
Table 12 PT4 CPOs
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Appendix A Performance Tier Model Derivation (Informative)
Assumptions foPTs

1 PT distances represent the path a frame would traverse and thus drive associated
propagation dlay minimums for FD/MFIFDR

1 Thoughnumber of switch hops generally increases with longer disRigédops will
not be quantified

1 For simplicity, PT CPOsareexpressed asonstants based on the maximum distance for
thePT rather tharformulas with distance variables

PTs are derived with certain distance and application assigesment

PTs can barbitrarily assigned to given services Operatos based on factors in or
outside the scope of this IA

1 Alllinks, including access links, will have a link speed of at least 10 Mb/s, with the
notionthata gi ven ser vi ce Pmfarslowetlinks hbaseed on ®peratori g h e r 0
discretion For PT0.3, the minimum link speed isGbps.

A five PT modelis chosen to allow for sufficient granularity and coxenge fromsmall area

networks and applications to glob&his IA uses distance as the primary means of describing

PTs. Below are théve PTs defined in this IA with the forniaPT Number (PT Name)

Description (distance, derived propagation delay used in CPO constraints to establish a minimum
per PT).

PTO0.3(City PT)1 derived from sukMetro distances (<75 km, 0.5Ms

PT1 (MetroPT) i derived fromMetro distance$<250 km, 2 ms’)

PT2 (RegionaPT) - derived fromRegionaldistanceg<1200km, 8 ms’)

PT3 (ContinentalPT) - derived fromNational/Continentadlistance§<7000km, 44 ms’)

PT4 (GlobalPT) 1 derived fromGlobal/Intercontinentadlistance$<27500 km 172 ms)
0 Basedonl.356[9].

“Minimum Frame Delapased on distance * .005 ms/km * 1.25 where distance is in kilometers
(km), .005 ms/km propagation delay and 1.25 is route/airline distance @tsbance is difficult to
ascertain in reahetworks as path (i.e., circuit) distance is unknown or may vaeytd routing or
other path changes (e.g., dynamic control protocdisyealCEN there may be additional delays
(e.g., switch hops, buffering, shaping, akziation for low speed links)

=- =—a —a -a _a

AnOperatob s Et hernet service c oapgntlonadherencel®d t h t hi s
distancesAs stated in the normative sectiongjigen service may utilize a particuldil for
reasons other thdgl to Eldistance of the service
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A.1 Low Speed Link Considerations

Low speed access and internal links in a CENhaare a significant impact on frame del&ay
CoSIA this is accounted for by the choiceR¥ for a service or UNI pair within a servicehis
is simpler than &ow Speed Factdhatis applied to the CPO per CoS Labiebr example, if a
service would otherwise utilizZeT1 CPOs itcouldutilize PT2 due to its use of seOMb/slow
speed link in the access between the NID and the core a M Additional low speed
performance considerations are containg@jrand[5].
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Appendix B Ethernet Network Section Model i Composing UNI-UNI
Values (Informative)

ITU-T Recommendation Y.1546] defines methods for concatenatpegyformance objectives

or measurements associated wm#twork sectionsthuscombining their performance to estimate
the complete patfi.e., composing)This Appendix reproduces the equations using MEF
variables where possibénd useMEF terminologywhereby ENS replaces the term network
sections used if6].

While these methods are applicable to both objective setting and measurements, the anethod
often not needed for measurements if ENS (e.g.-BEINNI for the OVCs) and entb-end (e.g.,
UNI-UNI for the EVC) measurements are available.

When combining thenetricsbased on percentiles, it is a gross eestimate to simply add the
performancevalues for eackENS. However, there may be circumstances when even this over
estimate will suffice. For examplepnsider twdENSs, each of which has FDR of 2 nikthe
Subscribers satisfied with 4 ms, simple addition could suffiéghe Subscriberequires 3 ms,
thensimple addition is not sufficient

This IA providesno direct method of calculating allocation but the concatenation methods can be
used to evaluate proposed OVC ENS CPOs againtsYC CPOs and through iteration adjust

EVC or OVC objectives to guide the determination of OVC CPOs. Iteration is practical based on
a small range/set of potenti@POs for th@OVCs under consideration and a small number of
ENS(i.e., usually 24).

The folowing table illustrates the mapping used, to the extent poskibte that many ITUr
variables do not have a counterpart in MEF and[Bjadoes not address a metric equivalent to
the MEFOneway IFDV.

Metric /Parameter MEF 232/262 Y.1541 Notes

UNI-UNI Oneway T No MEF equivalent

Delay Distribution

SLS Interval T No ITU-T equivalent

Subset of ordered S No ITU-T equivalent

UNI pairs

k" Network Section k No MEF equivalent

Mean Oneway Delay MM m

Variance of Onevay S If No MEF equivalent

Delay

Probability or Pdor Pr p Pafor Frame Delay

Percentile of interest andor Pr for Frame
Delay Range

Delay atPercentile ams, JTrS or ams ti t Frame Delay(), or
Frame Delay (1),
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Metric /Parameter MEF 232/262 Y.1541 Notes

Frame Delay Range
(R); tk & tarevalues
of delayused in the

Steps below
Skewness g, No MEF equivalent
Third moment w, No MEF equivalent
Value of the standard X, No MEF equivalent
normal distib. atp
Loss Ratio FLR, ¢ IPLRk

Table 13: MEF i ITU Variable Mapping

B.1 Mean delay

For the Mean Frame Delay (MFD), s performance parameter (grouped with performance

metricsin this 1A), the UNFUNI performance is the sum tife means contributed by Ethernet
Network Sections.

ms = ’_7?31 + /_n’SZ + /_n’SS to.t /_n’Sn
The units of Mg values are seconds.

Note that the definition of delay in MB#er[1] and[10] includes the delayncurred in
traversing the Externahterface thus thealculateddelay for the UNFUNI using this
concatenation methaalill be overstatedThe sumof perOVC delays will be greater than the
UNI-UNI delay(see the formula at the bottom of page 31, section 7.2.1410]inIn general
this overstatement is likely to be smiallterms of modeling objectives and in terais
measurements may not be feasible to capture precisely as defined. idtiaddressed this
phase ofCoS IA.

B.2 Loss ratio

For the Frame Loss Ratid-{R; ¢ ) performancemetric the UNFUNI performance may be

estimated by inverting the probability of successful frame transfer atktbernetNetwork
SectiongEn), as follows:

FLR; ¢ =1- {(1- FLR )3 1- FLR ;)3 (1- FLR; g5) 2% ...3 (1- FLR; )}
This relationship does not have limits on the parameter values, so it is preferred over other
approximations, such as the simple sum of loss ratios.

The units of FLRr e values are losQualified Fames per totaQualified Fames senfThis is
equivalemto MEF FLR except that it is not expressed as a percentage.
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B.3 Relationship for delay and delay range

The relationship for estimating the WLHNINI Frame Delay (TTdS) or the Frame Delay Range

(JTRS) performance from the Ethernet Network Section values musgmexstheir sukadditive

nature and is difficult to estimate accurately without considerable information about the
individual delay distributions. If, for example, characterizations of independent delay
distributions are known or measured, they may be @ogd to estimate the combined
distribution. This detailed information will seldom be shared ant@pegratos, and may not be
available in the form of a continuous distribution. As a result, the WNIl delay estimation
may have accuracy limitations.

The relationship for combining Frame DelayPat or Frame Delay Randee.,delay at Pr less
minimumdelay) values is given belowNote thatPq parameter values equal toPr parameter
valuefor this IA for a given CoS Labelnd PT

The problem under caideration can be stated as follows: estimatmﬂlmnileaTRS of the UNF
UNI Frame Delay Rang€as defined by the condition:

Pr(T <dze) = P wherep= P: /100 for UNFUNI Frame Delay Range.

A similar relationfor UNI-UNI Frame Delaywvould be based oETdS andp=P4/100

When using the methods beldacalculateFrame Delay Rang¢he calculations areased on
usingthe difference between the delay dhd minimum delayln other wordsall delayvalues
arenormalizedby removing the minimum delagbserved over T

Step 1

Measure the mean and variance for the delay for eaglEthfernet Network Sections. Estimate
the mean and variance of the UNNI delay by summing the means and variances of the
component distributions.

Step 2

Measure theuantiles for each delay component at the probability of intexestP; =99.9 and

p = 0.999 Estimate the corresponding skewness and third moment using the formula shown
below, whereX,g = 3.090 is the value satisfyind (X,q00) = 0.999 where F denotes the
standard normal (medh varance 1) distribution function. Note thatessis anexample based
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on 99.9th percentil&his IA also recommends use of other percentiles includirfiya®sl 9F
which yieldxo.o= 1.645 andko.o= 2.33.

wheretk represents delagt Xp based orP4/100for Frame Delay owheretk representslelay

less minimum delagt Xp based orPr /100for Frame Delay Range
wi =g B

Assuming independence of the delay distributions, the third moment of th&JNNdelay is
just the sum of the Ethernet Netwdection third moments.

n
W:W1+W2 +W3+ :a Wk
k=1

The UNFUNI skewness is computed by dividing @/3 as shown below.
= W,
9 A 3

The estimate of the 9918 percentile 0 = 0-999) of UNI-UNI delay, aTdSor JTRS is represented
byt as follows.

Step 3

t:r_rgts+sc'§xP - g(l- XPZE

wheret representﬂmsat Xp based orP4/100 for Frame Delay or wheteepresentsﬂmsat Xp
based orPr /100for Frame Delay Range.

B.4 Ethernet Network Section Recommendations
Below are recommendations for how to apply the concatenation methods in sgqterdix B

1 Suggest that the choice of MFD and/or Figtrics be the same for each OVC tisaa
component othe EVC and the same for the EVC CPOs.

1 Suggest that the FDRerformancée used for each OVC thiata component adhe EVC
and for the EVC CPOs.

1 Suggesthat the choice of Parameter values for the Performanetecsfrom Table6
andTable7 (as appropriate) bine same for each OVC thata component ache EVC
and the same for the EVC
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1 Suggest that the SLS time intervg),be thesame for each OVC that is a component of
the EVC.

1 Suggest that the SLS time intervél,be aligned for each OVC that is a component of the
EVC. This implies that foall pairs of OVCs (A,B), tsa = tss+ (n*T) for some value.
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Appendix C Key Applications to Derive Performance Requirements
(Informative)

Theintent of theCoSIA is to provide sufficient Co®abelsand Performance Objectives
efficiently support the vast majority of wedhown applications. Identification of the
applications gpported quantification of CPOs, specification of associated parametersRelg.,
etc)and mappindo CoS Labelss described in this section

Application mapping is fothe purpose of determining the qudative PerformanceObjectives

for each Co3.abel. It is not intended to nmalate how a Operator, Service Provider
Subscribemapsa particulainstance of an applicatiofror example, &ubscribecould map
someVolP for certain types of communication@S Label Land other VoIP to CoS Label i i
desired.This IA is constructed such that VolP (of the highality type defined in this appendix)
will be supported in the ColSabelit is mapped to if the Operator conforms with this IA for that
CoSLabel The proposed mapping showsw the CoSerformancedbjectives are derived and
not meant to imply a requirement for application mapping in actual implementations.

Similar to Application mapping, L2CP needs to be mapped to CoS Labels. There may be
different CoS Labels for differentACP types. At a minimum, there is a need to specpS
Labelthat meets the L2CP application requirements.

The applications considered in the process of generating CPOs and mapping requirements to
CoS Labels are shown irable14. The applications fall into three general user segments:
Consumer, Business, and Mobiléhe user segments are not mutually exclusive, and many
applications are aligned withore than one segment.

Application Consumer| Business| Mobile

\VoIP Data X X X
Interactive Video (Video Conferencing) X X ?
\VolP and Video Signaling X X X
\Web Browsing X X X
IPTV Data Plane X X ?
IPTV Control Plane X X ?
Streaming Media X X X
Interactive Gaming X X
Best Effort X X X
Circuit Emulation X X
Telepresence X

Remote Surgery (Video) X

Remote Surgery (Control) X

Telehealth (Hires image file transfer) X
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Application Consumer| Business| Mobile
Email X X X
Broadcast Engineering (Pro Video over IR
CCTV X
Financial/Trading
Database
Real Time Fax over IP

X

X

Store and Forward Fax over IP X
SANs (Synchronous Replication)
SANs (Asynchronous Replication)
\Wide Area File Services

Network Attached Storage X
Text Terminals (telnet, ssh)
Graphics Terminals (Thin Clients)
Point of Sale Transactions
E-Commerce (Secure transactions) X
Mobile Backhaul System Requirements X

P Bad Bl Bad Bad Bl Bad Bad Bt Bad B Bl Bl B

X

Table 14: Application list

C.1 Application-specific Performance Objectives

Each of the applications listed Trable14 was researched to determine the performance
requirements associated with thekgation and the corresponding applicatgpecific

Performance Objectives associated V@tEN Performancenetrics The requirements for

application performance are usually specified from@reind Since theCEN of interest may

only be a portion of the er-end network which can also include customer network segments

and endpoint devices, allocation or budgeting of the objective is generally required as the
applicationspecific Performance Objectives are quigadi In addition, application level

requirements for zero loss frequently assume the use of a loss recovery mechanism such as TCP
operating above th€EN.

Table15 throughTable35 show the requirements compiled for each applicaii@ch table
comprises two or three general sectidrtse top sectio provides applicatictevel requirements
and supporting measurement parameters compiled directly from the available.stheces
second section maps the application level requirements to applisataific Performance
Objective values for eadBEN Perfamancemetricand applies the appropriate parameters to
eachmetric The third section (if present) provides supplementary information about the
application.
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Application requirements were compiled from a variety of public sources. The first and most

desimable category for source references is standaadedWhere standardsased references
are unavailable, industiyased Best Practices are used, as well as wapeoific and produet
specific informationThe sources for all application requirementspoyided in their respective

tables.
Category [Parameter [Value Source Notes
Appl. One-way [< 150 ms preferre{G.1010, Total mouthto-ear, includes
R e g 0 s|delay < 400 ms limit TS 22.105 |encoding, decoding, and all buffer
< 150 ms TR-126 in addition to networklelays.
Delay <1ms G.1010, Total mouthto-ear, achieved using
\variation TS 22.105 |dejitter buffer in receiver.
Meas. Ta 1 minute Y.1541 Suggested value (section 5.3.2)
Params. [P =0.99 Y.1541 Table 1/Y.1541
Appl. FLR < 3e2 G.1010, Assumes use of a packet loss
Perform. TS 22.105 |concealment algorithm to minimizé
Objectives effect of packet loss.
FD < 125 ms preferre{Seetext [Pa =0.999
< 375 ms limit
FDR <50 ms Y.1541 |Pr = 0999
MFD < 100 ms preferre{Seetext
< 350 ms limit
IFDV < 40 ms [Py = 0999
Info Bit rates |4 to 64 kbps G.1010
Frame O 200 by 200 bytes based on G.711 with 2Q
Sizes ms frames. Most other codecs res
in equal or smaller frame sizes.
Availability O 9 9. 9 9 %[TR-NWT- [Bellcore standard for the PSTN
000418, (quoted from TR126).
TA-NWT-
000909

Table 15: VolP Parameters

The values inrable15 provide an example of how application level requirements are mapped to
applicationspecific Performance Objectivehe preferred value for one way delay for VoIP is
150 msThe scope ofthipar amet er i ncludes everything

I i st e n¢he Misropleorer anale-digital conversion, speech encoding, buffering and
framing, network delays, dejitter buffering, decoding, digitednalog conversion, and the
spaker which converts the decoded analog signal to sound wakvall these elements, only
network delays are within the scope of @EN.

bet we
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Typical nornetwork delays are identified and summed with guidance fromTTU
Recommendations G.114 and Y.15Rg&r G114, the buffering and framing delays associated

with a G.711 encoder with 20 ms voice frames is 20.128Jsiag Table VII.2/Y.1541 in

Appendix VIl of Y.1541 for guidance, a dejitter buffer of 50 ms is assumed and half of that value
(25 ms) is allocatedsaits contribution to mean delak total of 5 ms is used for the

contributions of other processes and equipment, for a totahetwvork contribution of

approximately 50 ms to mean del@ye resulting Mean Frame Delay that can be allocated to

the CEN asa Performancenetricis 100 ms.

Frame Delay is mapped using a similar procksthis case, all nonetwork sources of delay
except for the dejitter buffer are subtracted from the application parafie¢edejitter buffer

acts to As mo oohinreceived voicd flaraes resulting framinetwork jittes a

result, frames that arrive at the receiver with minimum delay are held in the dejitter buffer for its
maximum duration, and frames arriving at the receiver at the maximum end of the jgearan
forwarded immediately, with no added delay in the dejitter buferce the nometwork delays

(not including the dejitter buffer) total approximately 25 ms, the preferred value of 150 ms for
one way application delay maps to a Frame Delalp{at0.999, close to the maximum value) of
approximately 125 ms.

Application level parameters are mapped to Performance ObjectiVebl®l6 throughTable
35using the process described in the above exaiere source data is available,
recommended measurement parameter values are also provided

Realtime and streaming applications typicallake use of a dejitter buffer such as that
described above in the VolP examgter those applications, frames which do not arrive at the
dejitter buffer within a delay window corresponding to the length of the buffer are likely to be
discarded. As a resulihere is an implicit relationship between the percentile valued parameters
used to define maximum delay jitter (Pa for Frame DelayPy for Inter Frame Delay Variation
andPr for Frame Delay Range) and the Frame Loss Ratio for those types of apmdicaiince
frames which arrive too late to be accepted into the dejitter buffer are effectively lost to the
application The relationship is:

Pr (or Pvor Pg) = 17 FLR.

For realtime and streaming applications in the tables below, the above relatibashigen
used to derivé: or Py if recommended values for the parameters are not directly available from
the source documentation.
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Category |Parameter |Value Source Notes
Appl. One-way [< 150 ms preferre{G.1010, Total usefto-user, includes
R e g 0 s|delay < 400 ms limit TS 22.105 |encoding, decoding, and all buffer
in addition to network delays.
Delay <1ms G.1010 Total userto-user, achieved using
\variation de-jitter buffer in receiver.
Meas. T a1 minute Y.1541 Suggested value (section 5.3.2)
Params. [P =0.99 Y.1541 Table 1/Y.1541
Appl. FLR <le2 G.1010, IAssumes use of a packet loss
Perform. TS 22.105 |concealment algorithm to minimizg
Objectives effect of packet loss.
FD < 125 ms preferre [Pa = 0999
< 325 ms limit
MFD < 100 ms preferre Network and dgitter delays similar
< 350 ms limit to VoIP case
[H.264 supports suframe
encoding/decoding delays (20 ms
used for conversion)
FDR < 50 ms Y.1541 |Pr = 0999
IFDV < 40 ms [P, = 0999
Info A/V synch |< 80 ms G.1010
< 100 ms TS 22.105
Bitrates |16 to 384 kbps |G.1010
32 10 384 kbps  |TS 22.105
Up to & [H.264 Configurable to 2 Mbps in current
applications
Frame O 1500 b
sizes
Availability Not specified
Table 16: Interactive Video Parameters
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Category |Parameter |Value Source Notes

Appl. Latency |<200 ms TR-126 [Further detail unspecified in sourc

Reqos interpreted as upper bound on
network delay.

Jitter <50 ms TR-126

Packet < 5.26E6 TR-126 |[Endto-end application layer

Loss Rate objective. Minimum value from TR
126 Tables 12 and 13. Assumes n
minimal loss concealment (tolerab,
loss rates may be higher dependir
on degree and quality of STB loss
concealment).

Appl. FLR < 1E3 Y.1541 Amd. [Network objective assuming

Perform. 3 Application Layer Forward Error

Objectives Correction (ALFEC) sufficient to
provide application layer packet lo
rate objective.

FDR < 50 ms Y.1541 Assumes ALFEC sufficient to
provide application layer packet lo
rate objective.
|Pr = 0999*

MFD <100 ms See Notes  [Encoding delay not included. Alloy
100 ms for daitter buffer, decoding
and AL-FEC delays.

FD < 125 ms |Pq = 0.999*

IFDV < 40ms [Py = 0.999*

Info Bitrates |3 to 5 Mbps TR-126 [From TR126 Table 12

(MPEG-2)

Bitrates [1.75to 3 Mbps [TR-126 |[From TR126 Table 13

(MPEG-4)

Frame O 1500 b

Sizes

Availability O 99 . 9 9 %[TR-126

*No direct reference fopercentiles, but dejitter buffering is required

Table 17: Standard Definition Video Parameters

MEF 23.2

© The MEF Forum 2014, 2015, 2016Any reproduction of this document, or any portion thereof, shall Page56
contain the following statement: "Reproduced with permission of the MEF Forum." No user of this
document is authorized to modify any of the information contained herein.



MEF

Carrier Eth ernet Class of Servicé Phase 3

Category |Parameter |Value Source Notes
Appl. Latency |<200 ms TR-126 [Further detail unspecified in sourc
Reqos interpreted asipper bound on
network delay.
Jitter <50 ms TR-126
Packet < 1.16E6 TR-126 |[Endto-end application layer
Loss Rate objective. Minimum value from TR
126 Tables 14 and 15. Assumes
some loss concealment.
Appl. FLR < 1E3 Y.1541 Amd JNetwork objective assuming AL
Perform. |[FEC sufficient to provide applicatig
Objectives layer packet loss rate objective.
FDR <50 ms Y.1541 Assumes ALFEC sufficient to
provide application layer packet lo
rate objective.
|Pr = 0999*
MFD < 100 ms See Notes  [Encoding delay not included. Alloy
100 ms for dsitter buffer, decoding
and AL-FEC delays.
FD <125 ms |Pa = 0.999*
IFDV < 40ms [P, = 0.999*
Info Bit rates |15 to 18.1 Mbps [TR-126 [From TR126 Table 14
(MPEG-2)
Bit rates |8 to 12 Mbps TR-126 |[From TR126 Table 15
(MPEG-4)
Frame O 1500 b
sizes
Availability O 99 . 9 9 %|TR-126

*No direct reference fopercentiles, but dejitter buffering is required

Table 18 High Definition Video Parameters
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Category |Parameter |Value Source Notes
Appl. Delay <10s G.1010, [Further detail unspecified in sourc
Reqos TS 22.105 |interpreted as time from request tqg
initiation of playout.
Delay <<1ms G.1010 \Value specified in G.1010 for audi
\Variation as parameter at ear (postjdeer
buffer). Unspecified for video.
Appl. FDR <2s TS 22.105 [Transport path, implies a 2 s-fiteer
Perform. buffer.
Objectives |Pr values unspecified in source.
FLR < 1% G.1010
MFD Not specified
FD Not specified
IFDV <15s [Py = 0.99*
Bitrates |16to 128 kbps |G.1010
(audio) |5to 128 kbps  [TS 22.105
Bitrates |16 to 384 kbps |G.1010
Info (video)  [20to 384 kbps  [TS 22.105
Up to 2+ Mbps [IMeasured video playout rates
Frame O 1500 b
Sizes
Availability Not specified

*No direct reference for percentiles, but dejitter bufferingeguired

Table 19: Internet Streaming Audio/Video Parameters
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Category |Parameter |Value Source Notes
Appl. One way [<250ms G.1010, TS |[Telemetry/tweway
R e g 0 s|delay 22.105 control/command and control
category.
IPTV < 200 ms TR-126 Settop box (STB) command
control processing time interval between
plane the remote control action (button
response push) and GUI update.
May include middleware server
processing time for some function
Channel [2s TR-126 [Remote button to stable video on
change new channel.
response
Delay N.A. G.1010,
\Variation TS 22.105
Loss 0 G.1010,
TS 22.105
Appl. FDR N.A. G.1010,
Perform. TS 22.105
Objective§FLR 1le3 G.1010, IAssumes TCP or other loss recove
TS 22.105
MFD <75 ms Uses STB command processing W
middleware server processing as
worst case.
Allocates 50 ms to combined
STB/middleware server processin
150 ms to round trip delay.
FD N.A.
IFDV N.A.
Info Bit rates |< 1 kbps G.1010
< 28.8 kbps TS 22.105
Frame O 1500 b
sizes
Availability [0 9 9. 9 9 %[TR-126 Same as VolP and SD/HD Video
data plane requirements.
Table 20: Interactive Transaction Data Parameters
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Category |Parameter |Value Source Notes
Appl. One way [< 200 ms G.1010 TR-126 refers to
Re q 6 s|delay t oo high. o
< 75 ms preferred|TS 22.105
< 50 ms objective [TR-126 [Includes application layer (game
server and game client) and netwq
layer delays.
Delay N.A. G.1010,
\Variation TS 22.105
< 10 ms objective |[TR-126
Loss 0 G.1010
Appl. FDR < 10 ms objective [TR-126
Perform. vFD < 40 ms objective TR-126 does not provide typical
Objectives client/server delays. 10 ms used a
strawman valuéor the combination
FLR le3 G.1010 Assumes TCP or other loss recov
FD < 50 ms objective
IFDV < 8 ms objective
Info Data <1 KB G.1010, |[Data per transaction.
TR-126
Bit rates  |< 60 kbps TS 22.105
Frame O 1500 b
sizes
Availability Not specified
Table 21: Interactive Gaming Parameters
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Category |Parameter [Value Source Notes
Appl. \Web < 2 s/page G.1010, [Multiple roundtrip delays for most
Re q 6 slbrowsing |preferred TR-126 web pages imply requirement for
response [< 4 s/page IMFD of less than 100 ms to meet
ftime acceptable response time.
Typical page si
specified. Current page sizes rang
from 4820 kbytes
< 4 s/page TS 22.105 |Multiple round tripdelays for most
web pages imply requirement for
MFD of less than 100 ms to meet
response time.
Transactioni< 2 s preferred |G.1010 [Multiple round trip delays for most
services [< 4 s acceptable web pages imply requirement for
(e.g., e MFD of less than 100 ms to meet
commerce) response time.
<4s TS 22.105 |Multiple round trip delays for most
web pages imply requirement for
IMFD of less than 100 ms to meet
response time.
Appl. FDR N.A. G.1010,
Perform. TR-126,
Objectives TS 22.105
FLR N.A. G.1010,
TS 22.105
MFD N.A. Not specified
FD NL.A.
IFDV N.A.
Inf Framesize0 1500 b
nto Availability Not specified
Table 22: Best Effort Parameters
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Category |Param. Value Source Notes
Appl. FD 25 ms IMEF 3 [Pa = 99.9999%
Re g 0 s|Packet losqles5 to 1e7 IMEF 3 [Dependent on TDM service
Jitter 10 ms IMEF 3 [P = 99.9999%
Appl. FLR 1E-6
Perform. |[FDR 15 ms Inferred from [Pr = 99.9%
Objectives IFDV
MFD 20 ms Inferred from
|IFD, IFDV
IFDV 10 ms IMEF 8 [Py = 99.9% 01 = 900s.T = 3600s
FD 25 ms IMEF 3 [Pa= 99.9999%

Table 23: Circuit Emulation Parameters

Circuit Emulation is further defined {].

Category |Param. \Value Source [Notes
Appl. Delay < 2 s preferred  |G.1010 Transaction services
Reqbs < 4 s acceptable
Packet los40 G.1010 Transaction services
Application levelrequirement
Jitter IN.A. G.1010 Transaction services
Appl. FLR le-3 Y.1541 Class !
Perform. |FDR [Not specified
Objectived\ED 1s
IFDV INot specified
FD 2S

Table 24: Point of Sale TransactionParameters
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Category |Param. Value Source [Notes
Appl. RTT 10 ms IBM/Cisco SAN Round trip
Reqos Multiprotocol Routing [Includes jitter
IBM Redbook SG24
754301
5 ms EMC SRDF |Best practice

Connectivity Guide

15 ms IBM/Brocade SAN |[Referring to iISCSI
Multiprotocol Routing [implementation
IBM Redbook SG24
754401
Packet 10s40.1% limit [EMC SRDF INetwork requirement
0.01% rec. Connectivity Guide
0.01% rec. IBM SAN Multiprotocol [Networkrequirement
Routing
IBM Redbook SG24
732100
Jitter 25% of latencyfEMC SRDF |Use the lower value
or 25 ms Connectivity Guide
Appl. FLR O -4e
Perform. |FDR O 1.25 25% of 5 ms (one way)
ObjectivegMFD O 3.75 75% of 5 ms (one way)
IFDV O 1 ms
FD O 5 ms

Table 25: Synchronous Replication Parameters
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Category [Parameter [Value Source Notes
Appl. RTT 80 ms IBM SAN Volume [Round trip, Includes jitter
Reqgo s Controller ConfiguratiofSVC version 4.1.1 dnigher
Guide
IBM Redbook SC23
662802
200 ms [EMC SRDF [Round trip
Connectivity Guide
Packet losq1% limit [EMC SRDF Network requirement
0.01% rec. Connectivity Guide
0.01% rec. IBM SAN Multiprotocol |[Network requirement
[Routing
IBM Redbook SG24
732100
Jitter 25% oflatency[EMC SRDF Use the lower value
or 25 ms Connectivity Guide
Appl. FLR O de
Perform. |FD O 40 ms
ObjectiveguFD O 30 ms 75% of 40 ms (one way)
FDR O 10 ms 25% of 40 ms (one way)
IFDV O 8 ms
Table 26: Asynchronous Replication Parameters
Category [Parameter [Value Source Notes
Appl. Delay 15 s preferred G.1010 bulk data [Time for entire file to transfe
Reqbs 60 s acceptable
Packet losq40 G.1010 bulk data |Application level requiremen
Jitter IN.A. G.1010 bulk data
Appl. FLR O -Be Y.1541 Class 4  |Assumes reliable delivery
Perform. protocol (e.g., TCP)
ObjectivedFDR [Unspecified
MFD O 1 s Y.1541 Class 4
IFDV [Unspecified
FD [Unspecified
Table 27: Network Attached Storage Parameters
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Category [Parameter [Value Source Notes
Appl. One way |< 200 ms G.1010
R e g 0 s|delay
Packet losq0 G.1010 At application layer
Jitter N.A. (G.1010
Appl. FLR le-3 Y.1541 Class 3 Assumes TCP
Perform. |FDR Unspecified
ObjectiveqMFD < 200 ms
IFDV Unspecified
FD Unspecified
Table 28 Text and Graphics Terminal Parameters
Category [Parameter |Value Source Notes
Appl. One-way |< 400 ms G.1010 Vol P fiacceptabl
Re q 6 s|delay
Delay <1ms G.1010, Achieved using dgitter buffer in
variation TS 22.105 [T.38 gateway
Appl. FLR < 3e2 G.1010, RTP, UDPTL, TCP alprovide
Perform. TS 22.105 [protection against frame loss
ObjectivedFrDR < 50 ms Y.1541 IP = 0999
MFD < 350 ms [From Vol P fiacce
IFDV < 40 ms Y.1541 [P, = 0999
FD < 400 ms Y.1541 From Vol P facce
P4 = 0.999
Table 29: T.38 Fax Parameters
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Category [Parameter [Value Source [Notes
Appl. RTT <3 ms IBM System Storage Synchronous copy /
Reqgo s Business Continuity replication
Planning Guide
O 10 n10racle Configuration Best |[Synchronous multiple log
Practices writer (LGWR) process
O 12 Oracle9i Data Guard Best |Physical standby database
Practice distance
0100 ms  |Active/Active clusters in  [Server Clustering
SQL Server
Packet losq0 G.1010 Transaction Service
Jitter N.A (G.1010 Transaction servic
Appl. FLR le-5 Y.1541 TCP Performance
Perform. |FD O 5 ms
Objectived\iED N/S
FDR N/S
IFDV N/S
Table 30: Database Parameters Hot Standby
Category |Parameter [Value Source [Notes
Appl. RTT O 100 |[Oracle9i Data Guard: PrimgAsynchronous LGWR
Reqbs Site and Network Cfg BP  |process
100 ms Active/Active clusters in SQServer Clustering
Server
Packet losqle-5 Y.1541 TCP Performance
Jitter N.A G.1010Transaction services
Appl. FLR 10° Y.1541 TCP Performance
Perform. |FD O 50 n
ObjectivedMFED N/S
FDR N/S
IFDV N/S
Table 31: Database Parameter§ WAN Replication
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Category |Parameter |Value Source [Notes
Appl. RTT 0300 ms Oracle On Demand [End user to Oracle hosted
Reqgd s [Reference Guide servers
O 2 s |G.1010 Transaction servicgdPreferred <2 s
Acceptable < 4 s
O 7 s [ZonaResearch eCommerce threshold
(abandon rate)
Packetlos§O 0 . 1 %Oracle On Demand IEnd user to Oracle hosteq
|Reference Guide servers
Zero (G.1010 Transaction serviceg
Jitter N.A. (G.1010 Transaction serviceg
Appl. FLR le3 Y.1541 Class 3 (TransactioJAssumes TCP
Perform. data, interactive)
ObjectiveqFD N/S
MFD O 1 s |G.1010 Transaction service
FDR N/S
IFDV N/S

Table 32: Database Parameters Client/Server

Category |Parameter [Value Source [Notes
Appl. RTT O 1 s |[SEC Regulation NMS Self
Reqbs Help
<1ls SECRegulation NMS
Intermarket Sweep Order
\Workflow
Packet losgExtremely |Cisco Trading Floor
low Architecture
Jitter N/S
Appl. FLR le-5
Perform. |FD N/S
ObjectivedMED O 2 ms
FDR N/S
IFDV N/S
Info Availability [99.999% \Various sources

Table 33: Financial Trading Parameters
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Category |Parameter |Value Source [Notes
Appl. RTT O 0Bms |Various, use cases Based on 250m®ne way)
Reqos PTZ requirement
O 80 niCisco VideoSurveillance  |between client viewing
Best Practice station and VSOM
Packetlos§qO 0 . 0 1|MPEGIF [Based on MPE& with
Simple Profile
Jitter <1lms G.1010 Total usefto-user, achieve
using dejitter buffer in
receiver.
Appl. FLR <le2 G.1010, IAssumes use of a packet
Perform. TS 22.105 loss concealment algorith
Objectives fto minimize effect of pack
loss.
FD 0150ms [Based on 250ms for PTZ,
(MPEG4) leaves100ms for MPE&4
0200 ms encoding / decoding, 50m
(MJIPEG) for MJPEG encoding /
decoding
MFD N/S
FDR 50 ms Y.1541 |Pr=0.999
IFDV N/S
Info Availability
Table 34: CCTV Parameters
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Category [Parameter [Value Source Notes
Appl. RTT O 300 |[CiscoTelePresence (1)]240 ms Service Provider budg
Reqos 0300 ms  [Polycom (2) Video endpoints and multipoin|
server delay is in addition
Packetlos§O 0 . 0 5|Cisco TelePresence (1]0.025% Service Provider budg
O 0. 1 %YPolycom (2) Average oveb-minute interval
Jitter O 10 niCisco TelePresence (1
O 40 nfPolycom (2)
Appl. FD O 120 |[Cisco TelePresence (1JP4=0.999
Perform. i}
ObjectiveqMFD 0110 ms |Cisco TelePresence (1} 1207 10 ms
[Polycom (2) = 1507 40 ms
FLR 00.025% |Cisco TelePresence (1
Service Provider budgd
FDR O 40 nfPolycom jitter [P = 0999
IFDV O 10 niCisco TelePresence (1JP, = 0.9999
Bandwidth |15 Mbps Cisco TelePresence (1
Table 35: TelepresenceParameters
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The CPO ranges proposed relative to Mobile Backhaul are listed separatable86. These

CPO ranges map values associated with H, M, and L requagskes as developed jointly

between the CoS and Mobile Backhaul projects. Note that the driver for the requirements in the
CoSLabelH are often based on MBH for the older Mobile technologies (2G and=86G)
exampledue to the tight control/signalirgquirementswhenEthernetMBH is inserted in the

3G UMTS RAN between the NodeB and the RNC (e.qg., soft handover

CoS Example CoS Performance Objectives for edtric?
e MFD* FD* FDR IFDV FLR Availability”
H 7 ms 10 ms 5ms 3ms 10* TBD
M 13 ms 20 ms 10 ms 8 ms 104 TBD
L 28 ms 37 ms N/S N/S 108 TBD
Table 36: Mobile Backhaul Proposed CPOs
Notes:

Values are not recommendations for or reflections of actual services from contributing

companies but ratheepresent reasonable industry values based on a wide range of MBH
requirement sources, wide variety of applications, on any possibfE2@chnologies. Less

stringent values could be used for certain technologies or under certain mix of
services/applicatins or network assumptiongalues will evolve (to more or less stringent

values)as technologies mature and relational constraints between attributes are better understood
and applied, and when SP field experiences will be avail8Ple are free to prale CPOs that

are more stringent for their specific servibased on their field experience

* MFD and FD Objectives assume geographic area/scope of limited size/distance (i.e., a Metro
Performance Tier)

A Availability metric is added as a PlaceholderMBH Phase3 and CoS IA Phasg. Values are
TBD in future phase.
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All of the applications and their respective Performance Objectives are summaiTzadal?.

Not all applications from the list ihable14 are represented ihable37. The remote control
aspects of remote surgery and theébHged transport of professional video were applications for
which no clear guidance was found

Application FD MFD FLR FDR IFDV
VolIP Data 125 ms pref| 100 ms pref| 3e2 50 ms 40 ms
375ms 350 ms Pv=0999
limit limit Pr=0999
P4 =0.999
Video Conferencing 125 ms pref| 100 ms pref| 1e-2 50 ms 40 ms
Data 375 ms 350 ms Pv=0999
limit limit Pr=0999
P4 =0.999
VolIP and Videoconf Not 250 ms pref| 1e3 Not Not
Signaling specified specified specified
IPTV Data Plane 125 ms 100 ms le3 50 ms 40 ms
P4 =0.999 Pv=0.999
Pr=0999
IPTV Control Plane Not 75 ms le3 Not Not
specified specified specified
Streaming Media Not Not le2 2s 15s
specified specified Pv=0.99
Interactive Gaming 50 ms 40 ms le3 10 ms 8 ms
Circuit Emulation 25 ms 20 ms le6 15ms 10 ms
Pda = Pr=.999 Pv=.999,
999999 gt = 900s,
T =3600s
Telepresence, includes| 120 ms 110 ms 2.5e4 40 ms 10 ms
Remote Surgery P4 =0.999
(Video) Pr=0999
Financial/Trading Unknown |2 ms leb Unknown | Unknown
CCTV 150ms Not le2 50 ms Not
(MPEG4) | specified specified
200 ms Pr=0999
(MJIPEG)
Ps=0.999
Database (HdaBtandby) | 5 ms Not leb5 Unknown | Unknown
specified
Database (WAN 50 ms Not le5 Unknown | Unknown
Replication) specified
Database (Client/Serve| Not 1ls le3 Not Not
specified specified specified
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Application FD MFD FLR FDR IFDV
T.38 Fax 400 ms 350 ms 3e2 50 ms 40 ms
P4 = 0999 Pr=0999 | P,=0999
SANs (Synchronous 5ms 3.75 ms le4 1.25 ms 1ms
Replication)
SANSs (Asynchronous | 40 ms 30 ms le4 10 ms 8 ms
Replication)*
Network Attached Not 1ls le3 Not Not
Storage specified specified specified
Text and Graphics Not 200 ms le3 Not Not
Terminals specified specified specified
Point of Sale 2s 1ls le3 Not Not
Transactions specified specified
Best Effort, includes: Not Not Not Not Not
Email specified specified specified specified specified
StordForward Fax
WAFS
Web Browsing
File Transfer
(including htres
image file transfer)
E-Commerce
Mobile Backhaul H 10ms 7ms le4d 5ms 3ms
Mobile Backhaul M 20ms 13ms led 10ms 8 ms
Mobile Backhaul L 37ms 28ms le3 Not Not
specified specified

Table 37: Summarized CPOs

C.2 Derivation of CPOs from Application Performance Requirements

The values for CoS Performance Objectives (CPOs) are derived using multiple criteria. First, the
set of applications described in sectdr is mapped into CoS lbels and Performance Tiers to
determine the set of applicatiepecific Performance Objectives applicable for each case.
Candidate CPO values are determined which meet the Performance Objectives for most or all of
the applications mapped into a CoS Labeiférmance Tier combination. Ideally, all of the
applicationspecific Performance Objectives will be satisfied for each application mapped into a
specific CoS Label/Performance Tier combinatidmwever, given the limited number of CoS
Labels in the 8CoSLabelmodel and the breadth of the applications considered, this is not

always possible.

Second, a set of statistical and other constraints are applied to the candidate CPO values to make
sure that they maintain the correct relationships to each otlessaCoS Labels, across
Performance Tiers, and between the CPOs within a single CoS Label/PerformancieTier
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candidate CPO values are modified as necessary to meet the constraints while still satisfying the
applicationspecific Performance Objectives.

C.2.1 Mapping Applications to CoS Labels and Performance Tiers

Table38below is a table representing the explicit mapping of the applications in the tables in
SectionC.1above to the MEF 80S Label ModelThis mapping is informative for the purpose
of derivation of CPOs, and does not constrain any mapping of actual applications to CoS Labels

or Performance Tiers yubscribes orOperatos.

CoS Label

—

Performance Tier

0.3

0.3

Y

0.3

VolP

H
2
X

VolP & videoconf
signaling

Videoconf data

IPTV data

IPTV control

XX |X]| X

XX |X]| X

XX |X]| X

Streaming media

Interactive gaming

X

X

SANSs synch
replication

SANSs asynch
replication

Network attached
storage

Text & graphics
terminals

T.38 fax over IP

Database hot standby

Database WAN
replication

Database client/serve

Financial/Trading

CCTV

Telepresence

Circuit Emulation

Mobile BH H

Mobile BH M

Mobile BH L
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Table 38: Explicit Application Mapping for Derivation of CPOs ’

C.2.2 Constraints on CPO Values

The set of CPOs for each class in a given tier is derived initially frorltjeetives of one or
more applications, subject to minimum FD/MFD values implied by the distance range of that
tier.

The following constraints on CPOs arecessary in ordeo avoid a statistical contradiction:
1 FDR > FDi MFD

1T MFD<FD
1 IFDV <FDR

Also, assuming that the distribution of delays has a long tail to the right:
T FDi MFD >> .5 FDR (.5 represents a symmetric distribution)

We also apply two constraints to ensure consistency between the values for FD and FDR and the
estimated maximum Propaijpon Delay PD associated with each performance tier, calculated as
described in SectioAppendix A When thepercentileparametePq = Pr, then the Minimum

Delay (MinD) associated with a given CoS Label/Performance Tier can be calculated as MinD =
FD7 FDR. This value MinD should be no less than PD. MinD should also not be significantly
higher than PD. The first constraint is satisfied by:

i FDiFDR O PD.

Thesecond constraint is satisfied if the CPO values meet either of twoTtestfrst test scales

PD by a ratio and then compares it to MinD. The second test, which prevents the constraint from
becoming too severe for very low propagation delays, addea difset to PD before

comparing it to MinD. Theefore, the second constraistexpressed as:

f (FDiFDR O PD * iIF.DR) OCORPD( D 2 0 ms)
Finally, for PT constraintsve assume that CPOs should never improveasumber increases

and that the MFD foeach PT must exceed the estimated maximum propagation delay for the
PT.

Below is a tabular summary of the various constraints that are applied to the Application driven
performance objectives in order to derive CPOs.

"The red AX0 marks indicate new mappicage basedreny fNnke
where this application was mapped in MEF 23.1.
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Statistical and Inter-CoS Label Condraints

Notes

H CoS LabelCPOsOall other CoS Label CPO¢
exceptH FLR2 M FLR

For all in-scopemetrics CPO(assumes
Parameters are consistent across CoS Lab

FD1 MED >>.5 FDR*

Where.5 represents a symmetric distributio

MFD < FD

FDR >FDi MED *

IFDV < FDR

FDiFDR O PD

PD = estimated max Propagation Delay for
given PT

(FDIFDR O PD * 1.5) OF

(FDIFDR O PD + 20ms)

PD = estimated max Propagation Delay for
given PT

1 *Note: can be combined into various forms, e.g., MFD FDR << FD < MFD+ FDR.

PT Constraints

Notes

PTm CPOOPTn CPO

Where m<n (assumes Parameters are
consistent across PTacludes all inscope
CPOs)

PTO.3MFD > 0.5ms

Estimated max Propagation Delay for PTO

PT1 MFD > 2 ms

Estimated maf¥ropagation Delay fdPT1

PT2 MFD > 8 ms

Estimated max Propagation Delay RF2

PT3 MFD > 44 ms

Estimated max Propagation Delay RF3

PT4 MFD > 172 ms

Estimated max Propagation Delay ®r4

Standards and Other Constraints

Notes

MEF CPOS0Y.1541 IPQoS Clas®bijectives
CoS Label H PTB for ITU QoS Class 0, 2
CoS Label H PT4 for ITU QoS Class 1
CoS Label M PT4 for ITU QoS Class 3
CoS Label L PT#4 for ITU QoS Class 4

Includes MFD (IPTD) and FLR (IPLR)
Where PT1, PT2, PT3 comparable to
National and PT4 comparable to Global

PT1 (Metro)OCPOs for MBH

Not including any synchronizatieonly
driven objectives that could be developed
These are for future phase

CPOs and Parartegs will be expressed as
maximum or minimum values (not ranges)

Table 39: CPO Derivation Constraints

C.2.3 The CoS Performance Objective Compliance Tool

The CoSPerformance Objectiv€ompliance Tool is a Microsoft Excel spreadshesetuto test
candidate CPO values against the applicasipecific Performance Objectives and the
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constraints identified above. The tool comprises a worksheet for each Performance Tier as well
as two summary worksheef®he first worksheet summarizes all GRalues in one table and
displays whether they meet the constraint t83te second summary worksheet shows how the
CPO values compare to the mapped applicatjperific Performance Objectives.

Performance Tier worksheets

There are a total dive Performance Tier worksheets, one for each PT. At the bottom left of the
table for each tier is a set of proposed CPO values (MFD, FDR, FLR, FD, and IFDV) for each
class (H, M, L) in the oSLabelmodel The tool checks the compliance of each set of class
objectives against the Application Performaitrics objectives contained in the upper part of

the table; the result of the compliance checks is displayed to the right of the application objective
values.

In its current form, the definition of compliance used in the tool is as follows.

1. Each CPO value is compared to the corresponding Application Objective (AO) Ifalue
the CPO value is lestringent tharthe AO value, it is considered Not Compliant;
otherwise, the CPO value is considered Compliawb types of compliance are defined:
Loose and Tightf the AO value is within a (configurable) range of the CPO value, itis
considered Tight compliance; otherwise it is Loose compliance. As an exananed@
for MFD is 50% higher (less stringerit)an the corresponding CPO, it is considered
Loose complianceéAn Unspecified or Unknown application objective also results in
Loose compliance.

2. The compliance results for the set of CPO values for a classmgeaoed to an

applicationds requirements are then combi

a. Ifany CPO value is Not Compliant, the overall compliance of the class to that
applicationdés requirements is conside

b. If any CPO value for the class yields Loose compliancepvieeall compliance of
the CPOs to that applicationés requir
interpreted as foverkill,o i.e., the
by the application).

c. Otherwise, the overall compliance of the CPOslioet cl ass to t hat
requirements is considered fAGood. 0

The spreadsheet based tables below illustrate the derivation of CPOs pleRi€rivation was
based on a visual basic macro incorporated in the spreadsipeevide a best fit for the
application objectives into the 3 Cd%bels In addition the constraints above were applied
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(Note that the figures below are illustrative of the process used to derive the CPOs, and that the
specific values may not reflect the normative CPO values irdtdtsment.)

The CPOs foPT0.3 andPT1 are primarily driven by the MBH application
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First, the derivation of the PT0.3 objectives:
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