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2. Abstract

The attributes of Ethernet Services observable at a User Network Interface (UNI) and from User
Network Interface tdJser Network Interface (UNI to UNI) are defined. In addition, a framework
for defining specific instances of Ethernet Services is described. This document supersedes and

replaces MEF Q.2 [15] andMEF 10.2.1[16].

3. Terminology and Acronyms

This section defines ghterms used in this documeht.many cases, the normative ddioms to

terms are found in other documeritsthese cases, the third column is used to provide the refer-

ence that is contrlihg, in other MEF or external documents.

Term Definition Source
All to One Bun- A UNI Service Atribute in which all CEVLAN IDs are| This docu-
dling mapped ta single EVC. ment
Available Time The set of small time intervalBt contained inT that do| This docu-
not intersect a Maintenance Interval and hdye, (Dt) =1. | ment
Bandwidth Profile | A characterization of the lengths and arrival times for { This docu-
vice Frames at a reference point. ment
Bandwidth Profile | A set of Service Frames at a UNI that meet a spesafiof| This docu-
Flow criteria. ment
BPDU Bridge Protocol Daté&nit IEEE
8021Q i
2011[2]
Broadcast Data A Data Service Frame that has the broaddasstination| This docu-
Service Frame MAC Address. ment
Bundling A UNI Service Atribute in which more than one CF This docu-
VLAN ID can bemapped tan EVC. ment
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Term Definition Source
Carrier Ethernet | A network from a Service Provider or netwo@perator MEF 12.1
Network supporting the MEF service and architecture motlels. | [17]
CBS Committed Burst Size This docu-
ment
CE Customer Edge This docu-
ment
CEN Carrier Ethernet Network MEF 12.1
[17]
CE-VLAN CoS Customer Edge VLAN CoS This docu-
ment
CE-VLAN CoS An EVC Service Attribute that, when Enabledquiresan | This docu-
Preservation egress Service Frame resulting from an ingress Se| ment
Frame that contains a GELAN CoS to have the identica
CE-VLAN CoS
CE-VLAN ID Customer Edge VLAN ID This docu-
ment
CE-VLAN ID An EVC ServiceAttribute that, when Enabled, requires | This docu-
Preservation egress Service Frame resulting from an ingress Se ment
Frame to have an identical SAH.AN ID .
CE-VLAN An association of C&/LAN IDs with EVCs at a UNI. This docu-
ID/EVC Map ment
CE-VLAN Tag CustomelEdge VLAN Tag This docu-
ment
CF Coupling Flag This docu-
ment
CHLI Consecutive High Loss Interval This docu-
ment
CIR Committed Information Rate This docu-
ment
CIR max The Bandwidth Profile parametehat limits the rate of to{ This docu-
kens added to the committeaken bucket. ment
Class of Service | The mechanismand/or values of the parameters in | MEF 23.1
Identifier mechanism to baised to identify the Idss of Service| [22]

Name thatpplies to a Service Frame.

! This document addresses MEF servigely from a Service Provider.
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Term Definition Source
Class of Service | A designation given to one or more sets of performance MEF  23.1
Name jectives and associated parameters by the Service Prov [22]

CM Color Mode This docu-

ment

Color Identifier The mechanism and/or values of the parameters in MEF 23.1
mechanism used to identify the Color that applies to| [22]
Service fFame at a given UNI.

Color Mode The Bandwidth Profile parametéhatindicates whether th{ This docu-
color-aware or coloblind property is employed by th ment
Bandwidth Profile.-bllt ndak
orrawar eo onl y.

Color-aware A Bandwidth Profileproperty where the level of compl This docu-
ance for each Service Frame is dependent on the vall ment
the Frame's Color Identifier.

Color-blind A Bandwidth Profileproperty where the level of compl This docu-
ance for each Service Frame is not dependent on the | ment
of the Frame's Color Identifier.

Committed Burst | The Bandwidth Profile parametehat limits the maximum This docu-

Size number of bytes available for a burst Service Frame{ ment
sent at the UNline ratethat will be declared Green by tf
Bandwidth Profile

Committed In- The Bandwidth Profile parametethat limits the averageg This docu-

formation Rate rate in bitsper secondof Service Frameghat will be de-| ment
clared Green by the Bandwidth Profile

Consecutive High | A sequence of small time intervals contained,ieach This docu-

Loss Interval with a highframe loss ratio. ment

CoS Class of Service This docu-

ment

CoS_Name A parameter used iRerformance Metrics that specifies {f This docu-
Class of Service Name for the metric ment

Coupling Flag The Bandwidth Profile parametehat determines wheth¢ This docu-
or not overflow tokens not used for Service Frames| ment
clared Green can be used as Yellow tokens

Customer Edge Equipment on the Subscriber side of the UNI. This docu-

ment
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Term Definition Source
Customer Edge ThePriority Code Poinbits in thelEEE Std802.1Qi 2011 | This docu-
VLAN C lassof Customer VLANTag in aTaggedService Frame. ment
Service
Customer Edge The identifier derivable from the content of a Sery This docu-
VLAN ID Frame that allows the Service Frame ton@pped toan | ment
EVC at the UNI.
Customer Edge The IEEE Std802.1Qi 2011 Customer VLANTag in a| This dcu-
VLAN Tag TaggedService Frame. ment
Data Service A Service Frame that is neither a Layer 2 Control Prot{ This docu-
Frame Service Frame nor a SOAM Service Frame. ment
DEI Drop Eligible Indicator IEEE  Std
802.1Q i
2011[2]
DSCP DifferentiatedServices Code Point RFC 2474
[l
DTE Data Termination Equipment IEEE  Std
802.3 |
2012[3]
EBS Excess Burst Size This docu-
ment
Egress Bandwidth | A Service Attributethat specifies the length and arriy This docu-
Profile time characteristics of egress Service Frames at the e ment
UNI.
Egress Equiva- The mechanismand/or values of the parameters in | This docu-
lence Class ldenti-| mechanismthat can beused tospecify an Egress Ban¢ ment
fier width Profile Flow for egress Servicedtnes.
Egress Service A Service Frame sent from the Service Provider netwol This docu-
Frame the CE. ment
EIR Excess Information Rate This docu-
ment
EIR max The Bandwidth Profile parametéhat limits the rate of to{ This docu-
kens added to the excds&en bucket. ment
E-LMI Ethernet Local Management Interface MEF 16
[18]
Envelope A set of n Bandwidth Profile Flows in which each Ban This docu-
width Profile Flow is assigned a unique rank betwee ment
(lowest) andn (highest).
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Term Definition Source
ESMC Ethernet Synchronization Message Channel ITU G.8264
[3]
Ethernet Virtual An association of two or more UNIs that limits the ¢ This docu-
Connection change of Service Frames to UNIs in the Ethernet Vir ment
Connection.
EVC Ethernet Virtual Conection This docu-
ment
EVC Maximum An EVC Service Attribute that specifies the maximum g This docu-
Service Frame of a Service Frame allowed for that EVC. ment
Size
Excess Burst Size | The Bandwidth Profile parametehat limits the maximum This docu-
number of bytes available for a burst of Service Fral] ment
sent at the UNIine ratethat will be declared Yellow by th
Bandwidth Profile.
Excess Infor- The Bandwidth Profile parametethat limits the averageg This docu-
mation Rate rate in bitsper secondof Service Frameghat will be de-| ment
clared Yellow by the Bandwidth Profile
FD Frame Delay This docu-
ment
FDR Frame Delay Range This docu-
ment
Frame Short for Ethernet frame. This docu-
ment
Frame Delay The time elapsed from theansmissiorat the ingress UN| This docu-
of the first bit of the corresponding ingress Service Fr{ ment
until thereceptionof the last bit of the Service Frame at |
egresdJNI.
Frame Delay The Frame Delay Perfolanceminus the minimum Servic| This docu-
Range Frame delay ment
High Loss Inter- A small time interval contained ifiwith a highframe loss | This docu-
val ratio. ment
HLI High Loss Interval This docu-
ment
IFDV Inter-Frame Delay Variation This docu-
ment
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Term Definition Source
Information Rate | The average bit rate of Ethernet service frames at the r ITU Y.1564
urement point starting with the first MAC address bit ¢ [7]
ending with the last FCS bit.
Ingress Band- A characterization of ingress Service Frame arrival tiy This dow-
width Profile and lengths at the ingress UNI and a specification of dif ment
sition of each Service Frame based on its level of con
ance with the characterization.
Ingress Service A Service Frame sent from the CE into the Service Proy This docu-
Frame network. ment
Inter-Frame De- | The difference between the enay delays of a pair of s¢ This docu-
lay Variation lected Service Frames ment
L2CP Service Layer 2 Control Protocol Service Frame This docu-
Frame ment
LAG Link Aggregation Group IEEE  Std
802.1AX i
2008[1]
Layer 2 Control A Service Frame that could be used in a recognized La] This docu-
Protocol Service | Control Protocal ment
Frame
Maintenance In- | A time interval agreed upon by bothettSubscriber an( This docu-
terval Service Provider during whictine service maynot perform| ment
well or at all
Maximum Num- An EVC Service Attribute that specifiehi@ maximum This docu-
ber of UNIs number of UNIs that may be in an EVC. ment
Multicast Data A Data Service Frame that has a multicd3estination| This docu-
Service Frame MAC Address. ment
Multipoint EVC An EVC that associatesvo or more UNIs. This docu-
ment
Multipoint -to- An EVC with two or more UNIswvith all UNIs having the This docu-
Multipoint EVC RootRole A Multipoint-to-Multipoint EVC with two UNIs| ment
is different from a Pointo-Point EVC because one or mo
additional UNIs can be added to it.
One-way Availa- | A characterization of the percentage of time, during| This docu-
bility Perfor- time interval T , that Service Frame loss is small. ment
mance
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Term Definition Source
One-way Frame A characterizatiorof the delays experienced by differe This docu-
Delay Perfor- Service Framewith the sameClass of Service Name ment
mance
One-way Frame A characterizatiomf the extent of delay variability exper This docu-
Delay RangePer- | enced by different Service Framegh the sameClass of| ment
formance Service Name
One-way Inter- A characterizatiorof the variation in the delays expe| This docu-
Frame Delay Var- | enced by different Service Framesapped to the sam ment
iation Perfor- EVC that have the same Class of Service Name
mance
One-way Frame A characterizatiof the number of lost framdsetween the This docu-
Loss Ratio Per- ingress UNI and the egress UNI for Service Frames| ment
formance have the same Class of Service Nafmme Loss Rati
Performanceas expressed as a percentage.
One-way Mean The arithméc mean of delays experienced &yset ofSer-| This docu-
Frame Delay Per- | vice Frames. ment
formance
One-way Resili- The number of High Loss Intervals and/or Consecutive | This docu-
ency Performance | High Loss Intervals i ment
Ordered Pair of A directional UNI pair of the form kagress UNI, Egres| This docu-
UNIs UNI>, selected from the UNI list for the EVC of interest.| ment
PCP Priority Code Point IEEE  Std
802.1Q i
2011[2]
Performance A quantitative characterization of Service Frame deliy This docu-
Metric quality. ment
Point-to-Point An EVC with exactly 2 UNIs. This docu-
EVC ment
Priority Tagged A Service Frame with a TPID = 0x8100 following t| This docu-
Service Frane Source Address and the corresponding VLAN ID valui ment
0x000 in the tag following the TPID.
QL Quality Level of clock used in Synchronous Ethernet. | ITU G.8264
[5]
Qualified Service | The set of frames that comply with specific criteria, suc| This docu-
Frames the arrival time at the Ingress UNI and Bandwidth Prg ment
compliance on which a performance ahute is based.
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Term Definition Source
Rooted A multipoint EVC in which each UNI has either the R¢ This docu-
Multipoint EVC Role or the Leaf Role. Ingress Service Frames at a | ment
Role UNI can be delivered to one or more of any of
other UNIs in the EVC. IngresService Frames at a Le|
Role UNI can be delivered to only one or more Root F
UNIs in the EVC.
Service Frame The first bit of the Destination MAC Address through | This docu-
last bit of the Frame Check Sequence of an IEEE 8 ment
Packet transmittedcross the UNI.
Service Level The contract between the Subscriber and Service Pro This docu-
Agreement specifying the service level commitments and related I ment
ness agreements.
Service Level The technical specificatio of the service level being o] This docu-
Specification fered by the Service Provider to the Subscriber. ment
Service Multiplex- | A UNI Service Attribute in which the UNI can be in moj This docu-
ing than one EVC instance. ment
Service Provider | The organization providingthernet Service(s). This docu-
ment
SES Severely Errored Seconds ITU Y.1563
(6]
SLA Service Level Agreement This docu-
ment
SLS Service Level Specification This docu-
ment
SOAM Service A Service Frame whose MAC Destination Address d This docu-
Frame not indicate it to be an L2CP Service Frame and wl ment
Ethertype =0x8902
S-Tagged Service | A Service Frame with a TPID = 0x88a8 following t| IEEE Std
Frame SourceAddress. 802.1Q i
2011[2]
Subscriber The organization purchasing and/or using Ethernet | This docu-
vices. ment
T The time interval over which the Sleplies This docu-
ment
Tagged Service A Service Frame that is either a VLAN Tagged Ser\ This docu-
Frame Frame or a Priority Tagged Service Frame. ment
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Term Definition Source
TCI Tag Control Information IEEE  Std
802.1Q i
2011[2]
TPID Tag Protocol Identifier IEEE  Std
802.1Q i
2011[2]
Unavailable Time | The set of small time intervalBt contained in T that d{ This docu-
not intersect a Maintenance Interval and haye, (Dt)=0. | ment
UNI UserNetwork Interface This docu-
ment
UNI Line Rate The MAC data rafeat the UNI. This docu-
ment
UNI Maximum A UNI Service Attribute that specifiebé maximum size o] This docu-
Service Frame a Service Frame allowed at the UNI. ment
Size
Unicast DataSer- | A DataService Frame that has a unicB&stination MAC| This docu-
vice Frame Address. ment
Untagged Service | A Service Frame with the two bytes following the Sou This docu-
Frame Address field containing neither the value 0x8100 nor| ment
value 0x88a8.
UserNetwork In- | The physical demarcation point between the responsif This docu-
terface of the Service Provider and the responsibility of the § ment
scriber.
Utilized Line Rate | The average bit rate of the Ethernet line at the measurg ITU Y.1564
point, including he bits a) allocable to the minimur [7]
duration period of each Intétacket gap (but not the nur|
ber of bits allocable to the part of each IfARacket gay
longer than the minimum), b) in the preamble, c) in the ¢
of frame delimiter and d) in the Ethern8ervice Frame
starting with the first MAC address bit and ending with
last FCS bit.
VLAN Tagged A Service Frame with a TPID = 0x8100 following t| This docu-
Service Frame Source Address and the corresponding VLAN ID valui ment
not 0x000 in the tag following the TPID.
Table 117 Terminology and Acronyms
2 See |IEEE 802.32012[3] for the definition of MAC data rate.
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4, Scope

This document describes Ethernet Service attribisieservices provided to the Subscriber by

the Service ProvideiThe Ethernet Services are modeled from the point of view of the Subscrib-

eds equi pment referred to as the Customer Ed¢
basic elements of Ethernet Services are defined. In addition, a number of Service Attributes are
defined that may be offered as part of an Ethernet Service incltitendefinition of Service

Level Specification. This document supersedes and redldE€s102, Ethernet Services Attrib-

utes Phas@ [15] and MEF 10.2.1Performarce Attributes Amendment to MEF 1(18].

The goals of this Technical Specification are #otl. The first goal is to provide sufficient
technical specificity tallow a Subscriber to successfully plan and integrate Ethernet Services
into his or her overall networking infrastructure. The second goal is to provide enough detail so
that Customer Edge equipment vendors can implement capabilities into their prodties so

they can be used to successfully access Ethernet Services. It follows as a corollary that vendors
of Service Provider network equipment will make use of this information for implementing func-
tions that complement the functions in the CE.

Management fothe services is not addressed in this document. See MHE4], MEF 17[19],
MEF 301 [25], MEF 31[26], MEF 351 [28], MEF 36[29], MEF 38,[30] and MEF40 [31] for
the management perspective of the Ethernet service attributes.

4.1 New Material beyond MEF 10.2 and MEF 10.2.1
New topics in this document include:

1 Behavior for Service Frames with TPID = 0x88g#agged frames in IEEE Std
802.1Qi 2011[2]) is gpecified (behavior for Service Frames with TPID = 0x88a8
is beyond the scope of this document),

1 SOAM Service FraméSection8.5.1.2,

1 Oneway Group Availability Pgormancefor an EVC A characterization of
availability of sets of ordered UNilairsassociated by an EVC (SectiBr8.9,

1 Synchronous Mode Service Attribut8upport of Synchronous Ethernedt the
UNI (Section9.3),

1 Number of Links Service Attribute: The number of links supporting the UNI
(Section9.4),

1 UNI Resiliency Service AttributeSupportof Link Aggregation when there are
two links supporting the UNI (Sectidhb),

1 Link OAM Service Attribute:Supportof Link OAM at the UNI (Sectior®.16),

1 UNI MEG Service Attribute: Support of the UNI Mainterma@nEntity Group at the
UNI (Section9.17),
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E-LMI Service Attribute: Support of Ethernet Local Management Interface at the
UNI (Section9.18),

Color Identifier Service Attribute: The mechanism iladicatingthe color of Ser-
vice Framedor an EVC at a UN(Section10.3),

Source MAC Address Limit Service Attribute: A limit on the number of source
MAC addresses that can be used for an EVC at a UNI (Sddié)

Test MEG Service Attribute: Support of the Test Maintenance Entity Group for
an EVC at a UNI (Sectioh0.10,

Subscriber MEG MIP Attribute: Support of the Subscriber Maintenance Entity
Group, Maintenance Intermediate Point for an EVC at a UNI (Set@idii),

Oneway Multiple EVC Group Availability Performance: A characterization of
availability of sets of ordered UNI pairs associated by more than one EVC (Sec-
tion11.1), and

New Bandwidth Pofile Algorithm: A backward compatible generalization of the
Bandwidth Profile algorithm in MEF 10.2 that allows token sharing among
Bandwidth Profile Flow (Sectiorl?2).

4.2 Revisions to Material in MEF 10.2 and MEF 10.2.1

Revisions to previous material include:

T
T

All requirements are numbered,
Values "Yes/No" and "True/Falsatereplaced with "Enabled/Disabled,"

The terms "Class of Service Instance" and "ClasSa¥ice Frame Set" have
been removed and replaced by "Class of Service Name,"

The service attributeare groupednto EVC, UNI, and EVC per UNI categories
(Sectionss, 9, and10),

The terminology of UNI Root type and UNI Leaf typee changed to UNI Root
Role and UNI Leaf Role,

When CEVLAN ID Preservation is Enabled for an EVC, Ingress VLAN Tagged
Data Service Frames whose -WEAN ID equals the CEVLAN ID used for Un-
tagged and Priority Tagged Service Frames are now exempted from Hasiing t
CE-VLAN ID Preserved (SectioB.6.1)),

The Service Frame Delivery Service Attributee revisedo align them with the
requirements of the Rootédultipoint EVC (SectiorB.5),
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© The MEF Forum 2013Any reproduction of this document, or any portion thereof, shall contain the follo Pagell
statement: "Reproduced with permission of MEF Forum."No user of this document is authorized to mod
any of the information contained herein.



Ethernet Services Attributes Phase 3

Details for the EVC Layer 2 Control Processing Service Attribute are replaced
with a reference to MEF 6.1[13] (Section8.7),

The definition of Qualified Service Framds revisedto improve clarity and logi-
calconsistency (Sectio8.8),

EVC Maximum Service FrameSize Service Attributeeplaces the EVC Maxi-
mum Transmission Unit Size and makes tieximumsize of the Servie Frame
format dependent (Secti@9),

Requirements limiting the length of identifiease changedo 45 characters and
requirements are addéuht such identifies be RFC 257910] DisplayString,

UNI Maximum Service Fram&ize Service Attributeeplaces the UNI Maximum
Transmission Unit Size and makes thaximumsize of the Service Frame format
dependent (Sectioh7),

Details for the UNI Layer 2 Control Processing Service Attribute are replaced
with a reference to MEF 6.1[13] (Section9.19),

Thedescription of the Class of Service Identifisrevisedo improve clarity and
align with MEF 23.1[22] (Section10.2),

The concept of Egress Equivalence Classntroducedfor specifying Egress
Bandwidth Profiles (Sectioh0.4), and

"Metro Ethernet Network" (MEN) is replaced by "Carrier Ethernet Network"
(CEN). These two terms are equivalent and thus this change is editorial not tech-
nical.

5. Compliance Levels

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED ", "MAY ", and 'OPTIONAL " in this
document are to be interpreted as described in RFC [B118\ll key words must be in upper
case, bold text.

Items that ardREQUIRED (contain the word8UST or MUST NOT) arelabeled agRx] for
required. Items that alRECOMMENDED (contain the wordSHOULD or SHOULD NOT)
are labeled agDx] for desirable. Iltems that a@PTIONAL (contain the word81AY or OP-
TIONAL ) arelabeled a$Ox] for optional

6. Numerical Prefix Conventions

This document uses the prefix notation to indicate multiplier values as shdwble®.
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Decimal Binary
Symbol | Value | Symbol | Value
K 10° Ki 210
M 10° Mi 220
G 10° Gi 230
T 102 Ti 240
P 10%° Pi 250
E 10'8 Ei 250
z 107 Zi 270
Y 107 Yi 280

Table 27 Numerical Prefix Conventions

7. Introduction

This document provides the model and framework for Ethernet SerV¥icesnodel is built on
the reference model as showrFigurel. In Figurel, "Carrier Ethernet Network" is defined as a
network from a Service Provider or netwddiperatorsupporting the MEF service and architec-
ture models. This document addresses MEF seraiolsfrom a Service Providesind thus the
Subscriber sees a single CHt is provided by a single Service Provider

Customer User Network User Network Customer
Edge Interface Interface Edge
(CE) (UNI) (UNI) (CE)

|

Carrier Ethernet
Network

Figure 17 Ethernet Services Model

The technical definition of a service is in terms of what is seen by each Customer Edge (CE).
This includes the UseNetwork Interface (UNI), which is the physical demarcation point be-
tween the responsibility of the Service Provider and thpamsibility of the Subscriber.

[R1] A UNI MUST be dedicated to a single Subscriber.

The CE andCEN exchange Service Frames acrossUhi. A Service Frame is an Etherr&

frame transmitted across the UNI toward the Service Proyiddled an ingress Service Frame)

or an Ethernef3] frame transmitted across the UNI toward the Subscfidsled an egress Ser-
vice Frame) The Service Frame consists of the first bit of the Destination MAC Address through

3 This document describes attributes as seen by the Subscriber. MEBROEF 28[24], and MEF 3326] de-
scribe attributes offed by an Operator to a Service Provider. See MEF[28]%or the details of the Opera-
tor/Service Provider model.
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the last bt of the Frame Check Sequendée allowed formats for the Service Frame are de-
tailed in Sectior®.6.

Throughout this document:

1 When thefield following the Source Address field is a TPIWith the value
0x8100and thecorresponding/LAN ID value is notOx00Q the Service Frame is
said to bea VLAN Tagged Service Frame.

1 When thefield following the Source Address field is a TPIWith the value
0x8100and thecorresponding/LAN ID value is 0x00Q the Service Frame is
said to be a Priority Tagged Service Frame.

1 A Service Frame that is either \ALAN Tagged Service Frame or a Priority
Tagged Service Frame is said to be a Tagged Service Frame.

1 When the field following the Source Address field is a TPvidth the value
0x88a8, the Service Frame is said to be dra§ged Service Frame.

1 When thetwo bytesfollowing the Source Address fielof the Service Frame do
not contain the valuex8100or the value 0x8838he Service Frame is said to be
an Untagged Service Frame.

Note that the definition of Untagged Service Frame means that a Service Frantbewtito
bytes following the Source Address fieddntaining0x88e7(a Backbone Service Instance Tag
perlEEE Std802.1Qi 2011[2]) is an Untagged Service Frame

Also note that the behavior f& TaggedService Frames is begpd the scope of this document
and the term "S'agged Service Frame" does not appear in the remainder of this docGment.
sequently, the behavior experienced bya&ged Service Frames can vary from Service Provid-
er to Service Provider. A Subscriber whams to use Sagged Service Frames is urged to
check with his or her Service Provider to determine the behavior for such Service Frames.

There are no assumptions about the details o€treier Ethernet Networlt could consist of a
single switch or amgglomeration of networks based on many different technoldgiesan ar-
chitectural perspective of tl@arrier Ethernet Networkee MEF 12L. [17]

The UNIs betwee which Service Frames can be exchargredpecified by the Ethernet Virtual
Connection (EVC). There are a number of types of E®@ a number of service attributes that
an EVC can have. These are described in Se8tion

There are a number of service attributes for a UNI. These are described in Section
Some service attributes apply to an EVC per UNI. These are described in 38ction

Performance Seice Attributes that apply to multiple EVCs are described in Sedtlon

4TPID, Tag Protocol Identifier, is defined in IEEE Std 802i12D11[2].
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The details of the Bandwidth Profile parameters and algorithm are described in $2ction

Sectionl3 contains a framework for defining a servibat is basedmthe service attributes

Extensive examples and supplementary explanations are contaidpdandix A Appendix B
andAppendix C

8. Ethernet Virtual Connection Service Attributes

A fundamental aspect of Ethernetr8ees is the Ethernet Virtual Connection (EVC). An EVC is

an association of two or more UNIShe UNIs associated by an EV&@r e sai d t o be
EVC. 0 A given UNI can support more than one |
described in Sean9.8.

An ingressService Famethat is mapped to the EVC (see Sectoh0 can be delivered to zero
or more UNIs in the EVC; and only to UNIs in the EVC other than the ingress UNI

[R2] If an egressService Famemapped to an EVC at a UNéalts from an in-
gressServiceFrame mapped to an EVC at a UNIMUST bethe same&VC
that associates theo UNIs.

[R3] If an egressService Famemapped to an EVC at a UNéalts from an in-
gressService Fame mapped to an EVC at a Ulhe two UNISMUST be
different from each other.

An EVC always supports Halirectional transmission of Service Framékat is, each UNI asso-
ciated by the EVC always supports ingress and e@essdce Fames for that EVCNote that
ingress Service Frames can originate at any UNI in the.EVC

8.1 Ethernet Virtual Connection Type Service Attribute

There ardghreetypes of EVC. They are as describedertions8.1.1, 8.1.2.1 and8.1.2.2

8.1.1 Point-to-Point EVC

In a Pointto-Point EVC, exactly two UNlIsre associated with one another. The rules under
which a Service Frame is delivered to the destination UNI are specific to rtiwilpa service
definition. Figure2 illustrates two Pointo-Point EVCs.

-

Figure 271 Point-to-Point EVCs
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8.1.2 Multipoint EVCs

In a Multipoint EVC, two or more UNIsire associated with one anothek. Multipoint-to-
Multipoint EVC associatingwo UNIs is different from a Poirtib-Point EVC because additional
UNIs can be added to the Multipoita-Multipoint EVC.

8.1.21 Rooted-Multipoint EVC

Each UNlassociated by a Rootddultipoint EVC has either a Root Role or a Leaf Role. At a

UNI having the Root Role, ingress Service Frames do not have any restrictions as to the Roles of
egress UNIs for their resulting egress\8ce Frames. In contrast, at a UNI having the Leaf Role,
ingress Service Frames are restricted to egress UNIs having the Root Role for their resulting
egress Service Frames.

[R4] In aRootedMultipoint EVC, one or moreof the UNISMUST have theRoot
Role

[R5] In a RooteeMultipoint EVC each of the UNIshot having theRoot Role
MUST have thd_eafRole

[R6] If an egressService Fame mapped to a Rootelultipoint EVC at a UNI
with theLeaf Rolereailts from an ingresService Fame mapped to the EVC
at a UNJ the ingres UNIMUST have theRootRole

If an ingress ServicEBrameat a UNIwith the Leaf Roleis delivered to an egress UMiith the
LeafRole [R6] is violated. ThugR6] means thaingress Service Frames at a UMth the Leaf

Role can be delivered tonly UNIs thathave theRoot Role Ingress Service Frames at a UNI
with the Root Role can be delivered to any of the other UNIs associated by the Rooted
Multipoint EVC.

The rules under which a frame is delivered to a UNI in the EVC are specific to the particular ser-
vice definition. Typically, a single ingress Service Framih a broadcast or multicaddestina-

tion Addressat a Root Role UNI would be replicated in th€arrier Ethernet Networknd a sin-

gle copy would be delivered to each of titeerUNIs in the EVC. This kind of delivery would

also typically apply to a Service Frarfee which theCEN has not yet learned an association of
the destination MAC address with ga&VC, UNI> pair. Figure3 illustrates aRootedMultipoint

EVC with one Root UNI
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_ Leaf Role
Root Role I —.

Leaf Role
—< Broadcast, multicast and unicast unknown
~ = = = % Known unicast

-
‘0
. Broadcast, multicast and unicast

Figure 31 RootedMultipoint EVC

8.1.2.2 Multipoint-to-Multipoint EVC

Each UNI associated by a Multipoita-Multipoint EVC has the Root Role. In a Multipoitd-
Multipoint EVC, the ruks under which a frame is delivered to a UNI in the EVC are specific to
the particular service definition. Typically, a single ingress Service Fraithea broadcast or
multicast Destination Addresat a given UNI would be replicated in tizarrier EtherneNet-

work and a single copy would be delivered to each of the other UNIs in the EVC. This kind of
delivery would also typically apply to a Service Frame for whichGE&l has not yet learned an
association of the destination MAC address with<&VC, UNI> pair. Figure 4 illustrates a
Multipoint-to-Multipoint EVC.

.-._'_:

Figure 471 Multipoint -to-Multipoint EVC
8.2 EVC ID Service Attribute

The EVC ID is an arbitrary string administered by the Service Provider that is uisedtity an
EVC within theCEN.

[R7] The EVC IDMUST be unque across all EVCs in tieEN.
[R8] The EVC IDMUST contain no more than 4haracters

[RI] The EVC IDMUST be anonnull RFC 257910] DisplayString but not con-
tain the characters 0x00 through Ox1f.

5 The limit of 45 characters is intended to establish limits on field leng#n€sting or futureprotocols that will
carry the identifier.
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The EVC IDis intended for management and control purp8g&s.anexample, the Acme Ser-
vice Provi der-000089ACME-MEB@A MIAR/TCO t o r ePEWSnent t h
the CEN and the customer for the EVC is MegaMart.

8.3  UNI List Service Attribute
The UNI List for an EVC is a list gairs of the form ¥NI ID (see Sectio®.1), UNI Role>.

[R10] The listMUST have exactly onpair of the form <UNIID, UNI Role> for
each UNI in the EVC.

[R11] The UNIRoleMUST have thevalueofeitheri Root 6 or fALeaf . 0O

[R12] If the type of EVC is Pointo-Point or Multipointto-Multipoint, then the UNI
RoleMUST e qu a | ARoot . O

8.4 Maximum Number of UNIs Service Attribute

The Maximum Number of UNIs service attribugpecifies the maximum number of UNIs al-
lowed in he UNI Listservice attribute

[R13] Fora Pointto-Point EVG the Maximum Number of UNIMUST betwo.

[R14] For a Multipoint EVC the Maximum Number of UNISMUST be three or
greater.

8.5  Service Frame Delivery Service Attributes
8.5.1 Types of Service Frame

8.5.1.1 Layer 2 Control Protocol Service Frame

A Layer 2 Control Protocol Service Frame (L2CP Service Frame) is a Service Frame that could
be used in a recognized Layer 2 Control Protd@olen that there are several Layer 2 protocols
used for various control purposes, it is om@ant thatCarrier Ethernet Netwogkbe able to pro-

cess such information effectively.

[R15] A Service Frame whose destination MAC address is one of the addresses
listed in Table 3 MUST be treated as Layer 2 Control Protocol Service
Frame.

Some Layer 2 Control protocols share the same destination MAC address and are identified by
additional fields such as the Ethertype. Therefoispasition of Service Frames carrying Layer
2 Control Protocolsanbe different for different protocols that use the same destination MAC

5 For example, see Section 8.1 of MEF 3(25)
" This capability will be especially important for I&cribers who choose to deploy IEEE Std 802.12011[2]
bridges (as opposed to routers) as CEs.
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addressMEF 6.1.1[13] contains someequirements andecommendations for thieandlingof
specific Layer 2 Control protocols.

MAC Destination Addresse$§ Description
01-80-C2-00-00-00 through 0480-C2-00-00-0OF | Bridge Block of protocols
01-80-C2-00-00-20 through01-80-C2-00-00-2F | MRP Block of protocols

Table 371 List of Standardized Layer 2 Control ProtocolDestination MAC Addresses

[O1] A Service ProvideMAY define additional addressés identifying Layer 2
ControlProtocol Service Frameas addition to those ifable3.

8.5.1.2 SOAM Service Frame

A Service Frame whose MAC Destination Addres®s not indicate the frame to be an L2CP
Service Framand whose Ethertype 6x8902is defined to be SOAM Service FraméSee Ta-
ble 2%1 of IEEE Std 802.1Q 2011[2].) Sectiors 9.17, 10.1Q and10.11contain requirements
for the handling of certain SOAM Serviceaimes. Other requirements for handling SOAM Ser-
vice Frames can be foundMEF 17[19], MEF 3Q1 [25], and MEF 3126].

8.5.1.3 Data Service Frame

A Service Frame that 8ot a Layer 2 ContrdProtocolServie Frameand nota SOAM Service
Frameis defined to bex Data Service Fram@ Data Service Frame with a unicast Destination
MAC Addressis defined to be Unicast DateService Framé A Data Service Frame with a mul-
ticast Destination MAC Address definedto bea Multicast DataService Framé&.A Data Ser-
vice Frame with a broadcast Destination MAC Addisstefined to be Broadcast Dat&ervice
Frame?

8.5.2 Data Service Frame Disposition

This EVC Service Attribute applies to any ingress Data Service Frame that is not discarded per
[R69], [R70], [R89], [R128], [R156], [R157], [D1], or [D2]. There are two possible values and
corresponding dispositions:

M Discard: TheDataServiceFrame is discarded.

1 Deliver Unconditionally:The Data Service Frame is delivered across the other
(egress) UNI(sprovided[R6] is satisfied This might be the belvior of a Point
to-Point EVC.

91 Deliver Conditionally: TheéDataService Frame is delivered across an egress UNI
if certain conditions are meprovided[R6] is satsfied An example of such a
condition is that the destination MAC address is known byGagier Ethernet
Networkt o be fAato the destination UNI. Ano

8Hexadecimatanonicalformat
9 See Sectio®.6 for details about the format of the Service Frame.
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where someBroadcast Dat&ervice Frames are dropped to limit the antoof
such traffic. A final example is multicast throttlinozhere someMulticast Data
Service Frames are dropped to limit the amousuech traffic

[R16] When Deliver Conditionally i€nabledthe conditionghat determine whether
aDataService Frame is delivered or discardd@dST be specified.

[R17] TheDataService Frame disposition (Discard, Deliver Unconditionally or De-
liver Conditionally)MUST be specified for Unicast Data Service Frames.

[R18] TheDataService Frame disposition (Discard, Detivénconditionally or De-
liver Conditionally)MUST be specified for Multicast Data Service Frames.

[R19] The Service Frame disposition (Discard, Deliver Unconditionally or Deliver
Conditionally)MUST be specified for Broadcast Data Service Frames.

[R17], [R18], and[R19] mean that the disposition of Unicast Data Service Frames can be differ-
ent than the disposition of Multicast Data Service Frames which in turn can be different than the
disposition of Broadcast Data Service Frames.

Note that his is a description of the ideal servi@ataService Frames that should be delivered
might be discarded due to network failure or congestion conditions. See the EVC Related Per-
formance Service Attributes in SectiBr8 and Sectioril.

8.5.3 Data Service Frame Transparency
The requirements on the format of Service Frames are in S&céion

[R20] If the egress Data Service Frame resulting franngressTagged Data Ser-
vice Frameis alsoa Tagged Service Frantgen fieldsin the egress Data Ser-
vice FrameMUST be unchanged as indicdtm Figure5.

Ingress Data Service Frame

Destination Address
Source Address
81-00
TCI
Length/Type
MAC Client Data
Pad
Frame'Check-Sequence

Egress Data Service Frame

Destination Address

Source Address

81-00

TCI

Length/Type

MAC Client Data

Pad

Frame Check’'Sequéence

|:| Unchanged |:| Can change

|:| If present, length unchanged

Figure 57 Tagged In to Tagged Out Data Service Frame Transparency
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Ingress Data Service Frame

If the egress Data Serviégame resulting fromraingressTagged Data Ser-
vice Frameis an UntaggedService Framehen fieldsin the egress Data Ser-
vice FrameMUST be unchanged as indicatedFigure6.

Egress Data Service Frame

Destination Address Destination Address
Source Address Source Address
81-00 Length/Type
T.CI MAC Client Data
Length/Type Pad
MAC Client Data Frame Check’Sequence
Pad

Frame’Check-Sequence

|:| Unchanged |:| Can change

|:| If present, can change
Figure 617 Tagged In to Untagged Out Data Service Frame Transparency

[R22] If the egress Data Service Frame resulting framngressUntagged Data
ServiceFrameis a TaggedData Service Framihen fieldsin the egress Data
Service Fram®&UST be unchanged as indicatedFigure?.

Ingress Data Service Frame

Destination Address

Source Address

Length/Type

MAC Client Data

Pad

Frame.Check Sequence

Egress Data Service Frame

Destination Address

Source Address

81-00

JCi

Length/Type

MAC Client Data

Pad

Frame Check'Sequence

|:| Unchanged |:| Can change

|:| If present, can change
Figure 77 Untagged In to Tagged Out Data Service Frame Transparency
[R23] If the egress Data Service Frame resulting framngressUntagged Data

ServiceFrameis alsoan UntaggedService Framehen fieldsin the egress
Data Service FramlUST be unchanged as indicatedrigure8.
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Ingress Data Service Frame

Destination Address

Source Address

Length/Type

MAC Client Data

Pad

Frame.Check Sequence

Egress Data Service Frame

Destination Address

Source Address

Length/Type

MAC Client Data

Pad

Frame Check'Sequence

|:| Unchanged |:| Can change

|:| If present, length unchanged
Figure 817 Untagged In to Untagged Out Data Service Frame Transparency

However, specific attributes of an EV&n enforce conditioa that additional fields must be
identical at ingress and egress. See Seé&tian

8.6 CE-VLAN Tag Preservation Service Attributes

Service Frames at the UNI may containleBE Std802.1Q1 2011 Customer VLANTag [2].
Such a Tag is referred to as a Customer Edge VLAN TagMIC&EN Tag). The portion of the
CE-VLAN Tag that identifies a VLANs defined to béhe VLAN ID. The VLAN ID indicates
the Customer EdgeDNAN ID (CE-VLAN ID) as specified in Sectiof.9. The portion of the CE
VLAN Tag that contains theriority Code Poinbits is defined to behe Customer Edge VLAN
Classof Service(CE-VLAN CoS). An EVChastwo attributes related to GELAN Tag Preser-
vation as described in the following two subsections.

8.6.1 CE-VLAN ID Preservation Service Attribute
CE-VLAN ID Preservation can be either Enabled or Disabled.

A Service Frame is defined to have its-@EAN ID preserved whethe relationship between
the ingress Service Frame and its corresponding egress Service Fiamsdgscribed inrable
4.

Ingress Service Frame Egress Service Frame($

Untagged Service Frame | Untagged Service Frame

Tagged Service Frame Tagged Service Franweith VLAN ID equal to the VLAN ID of
the Tag on the ingress Service Frame

Table 47 Behavior for CE-VLAN ID Preservation for a Service Frame

[R24] An EVC with CEVLAN ID PreservationEnabledMUST preserve the CE
VLAN ID for Service Frames as describedTiable5. (See Sectio®.13 for
the description of All to One Bundling.

10 Note that in the case of a Multipoint EVC, a single ingress Service Frame can result in more than one egress Ser-
vice Frame.
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CE-VLAN ID/EVC Service Frames with CEVLAN ID Preserved
Map Characteristic

All to One Bundlingén- | All Data Service Frames
abledat all UNIs'!

All other cases All VLAN TaggedData Service Frames with VLAN ID in the rang
17 4094excluding the CEVLAN ID used forUntagged andPriority
Tagged Service Frames

Table 57 CE-VLAN ID Preservation Service Attribute for an EVC

[R25] When an EVC includes a UNI at which more than oneMCEN ID is
mapped to the EVC by the @A.AN ID/EVC Map (see Section8.12 and
9.13, the EVCMUST have CEVLAN ID PreservatiorEnabled

Note that when the GELAN ID configured for Untaggedand Priority TaggedService Frames
(see Sectio®.9) is mapped to an EVC with the @A_AN ID PreservatiorEnabled there is no
mandate for CB/LAN ID Preservation for ingress Untagged and Priority Tagged Service
Frames at this UNI except in the cadeAll to One BundlingeEnabled

An obvious benefit of CB/LAN ID PreservationEnabledis enhanced operational simplicity.
For example, for a Subscriber connecting multiple campuses (Bsklg Std802.1Q71 2011
bridges, the feature obviates the task otirebering VLANS in different corporate campuses.

B.6.2 CE-VLAN CoS Preservation Service Attribute
CE-VLAN CoS Preservation can be either Enabled or Disabled.

[R26] In an EVC with CEVLAN CoS PreservatiorEnabled an egress Service
Frame resulting from an ingress Service Frame that contains-ELEBHE
CoSMUST have the identical G&ZLAN CoS for all possible values of CE
VLAN CoS.

Since the CEV/LAN CoS refers to the PCP field in tHeE-VLAN Tag of a Service Frame,

[R26] means that the egress Service Frame is a Tagged Service Frame and the PCP field value is
identical to that of the corresponding ingress Tagged Service kvaere CEVAN CoS Preser-

vationis Enabled Note thafR26] does not apply to ingress Untagged Service Frames

When CEVLAN CoS Preservations Enabled and the Colodéntifier (Sectiorl0.3 is based on
the CE-VLAN Tag PCP field, the Service Provideannot change th€olor of a Service Frame.
However, basing # Color Identifier on th&CE-VLAN Tag DEI would allow the Service Pro-
vider to change th€olor of a Service Frame.

8.7 EVC Layer 2 Control Protocol Processing Service Attribute

Requirements for the processing of L2CP Service Frames are contained in MEE3.1.1.

11 pa [R83], if one of the UNIs associated by an EVC has All to One Bundling Enabled, then all of the UNIs associ-
ated by the EVC have All to One Bundling Enabled.
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8.8

EVC Related Performance Service Attributes
The performance for an EVC is specified using one or more Performance Metrics. A Perfor-
mance Metric is a quantitative characterization of Service Frame detuelity. This section
specifies the following Service FrarRerformance Metrg
Oneway Frame Delay Performance (Sect8.]),
Oneway Frame Delay Range Performance (Se@i@nl),
Oneway Mean Frame Delay Performance (Sec8dhl),
Oneway InterFrame Delay Variation Performance (Sect$8.2),
Oneway Frame LosRatio Performance (Sectié8.3

Oneway Availability Performance (Sectidh8.4),

Oneway Resiliency Performance expressed as High Loss Intervals (Se&ign

= =2 =2 =4 -4 -4 - -

Oneway Resiliency Performance expressed as Consecutive High Lesgalat(Section
8.8.95, and

1 Oneway Group Availability Performance (Secti8rB.6.

The technical specification of the service level being offered by the Service Provider to the Sub-
scriberis defined to beéhe Service Level Specification (SL$jor any given SLS, performea
objectives related tthe Performance Metr&may or may not be specified.

[R27] If an SLS contains an objective for a given performance attribute, then the
SLSMUST specify the related parameters for that objective.

An SLS can contain multiple objectives fargivenPerformance Metricbut one or more othe
parameters associated with each objective for a ghexformance Metrimieed to be different
from each other. For example, an SLS could contain two objective8rfeway Frame Delay

Performanceachcoresponding ta different value oP, (see Sectio.8.1).

However, certain parameters defined in Sec8dh4can assume only a single value in an SLS
per the following three requirements:

[R28] An SLSMUST use a single value fobt for all Performance Metrics where
Dt is used.

[R29] An SLSMUST use a single value f&@ for all Performance Metrics whef@
Is used.

[R30] An SLSMUST use a single value far for all Performance Metrics where
Is used.
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Performance Attributesvith the exception of Availability? apply to Qualified Service Frames,
which are frames that meet the following criteria for a giZéass of Servicllame(See Section
10.2:

[R31] An SLSMUST define Quafied ServiceFrames agvery Service Frame that
satisfies the following criteridor a givenEVC, a givenorderedUNI pair

<i, j) associated by the EV@ given time intervall , and a giverClass of
ServiceName

1 EachService Fram®UST ingress at UNI,

1 EachService FraméMUST map tothe given EVC at UNI via the CE-VLAN
ID/EVC Map. (See Sectiof.10),

1 EachService FramevlUST NOT be discardd per requirement$R69], [R70],
[R89], [R128], [D1], [D2], or any of the conditions specified J&16].

9 The first bit of eactservice Fram®&MUST arrive atUNI i within the time interval
T, and within a time intervabt smaller thanT that has been designated as part

of Available Time for (i, j) (see Sectio®.8.),

1 EachService FraméMUST have thegiven Class of ServicdName(See Section
10.2for the description of how the Class of Service Name is determined from the
Class of Senee Identifier for a Service Frame.)

1 EachService Framehat is subject to amgress Bandwidtlirrofile MUST have
an Ingress Bandwidth Profile compliance of Green, and

1 EachService Framehat is not subject to almgress BandwidtiProfile MUST
meet one othe following two conditions:

- TheService Framéas noColor ldentifier or

- The Service Framdnas aColor (see Sectiorl0.3 thatis Green per theolor indica-
tion requirements of MEF 23[22].

Note that the determination of Qualified Service Fradepends on the values Bf, C and n

via Section8.8.4 Thus any SLS that contains a performance objective for a Performance Metric
based ormQualified Service Frames will need to specify values for these parameters. The only
Performance Metric that does not depend on Qualified Service Frames is Availability but this
Performance Metric depends direably Dt, C and n. Thus it follows that an SLS that contains
one or more performance objectives will need to specify valueStfo€ andn.

[R32] An SLSMUST use a single value df for all Performance Metrics.

12 Availability is used to define Qualified Service Frames.
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Performance objectives are defined for +@npty subsets of the ordered pairs of UNIs that are
associated by the given EVBppendixA.4 provides examples on how to structure trmdasets
to be UN}oriented and EV&riented.

8.8.1 One-way Frame Delay Performance for an EVC

This section defines threeerformanceMetrics the Oneway Frame Delay Performance corre-
sponding to gercentile of the distribution, the Omeay Mean Frame Delay, and the Gmay
Frame Delay Range.

The Oneway Frame Delay for an egress Service Frame at a given UNI in the EVC is defined as
the time elapsed from theansmissiorat the ingress UNI of ther8t bit of the corresponding
ingress Service Frame until theceptionof the last bit of the Service Frame at the given UNI.
Recall that the Service Frame consists of the first bit of the Destination Address through the last
bit of the Frame Check Sequenthis delay definition is illustrated iRigure.

CE e ~ CE
= Carrier P>
time Ethernet Network
first bit in ~ =
[ \ <——— UNIto UNl ———>

RN

Frame
Delay

J last bit out

Figure 9 - Frame Delay for Service Frame

Note that this dfinition of Frame Delay for a Service Frame is the-oag*2 delay that includes
the delays encountered as a result of transmissidhe Service Framacross the ingress and
egress UNIs as well as that introduced byGEeN.

Each suchPerformance Metrits based on a subset of the ordered pairs of UNIs in the EVC for a
time intervalT.

[R33] For a givennonempty set obrdered pasof UNIs S a time intervall, and a
given Class of ServictName the SLSMUST define ech Frame Delaper-
formance Metrias folbws

1 Let the UNIs in the EVC be numbered from 1no And let S be anonempty
subset of the ordered UNI parrs in the EVC. That s

si {i,)li=1..mj=L..mi, j}S,A.

13 Oneway delay is difficult to measure and therefore one way delay may be approximated from two way measure-
ments. However measurement techniques are beyond the scope of this document.
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1 Let Jﬁ;’” represent theé?, -Percentile of onevay delay for alService Frames de-
livered to UNIj resulting from an ingresQualified Service Frame at UNL. If

there are no such egress Service Frames af,Uhdn 6T<L'j> = Undefined.

1 Then the Onavay Frame DeIa;Performance MetricMUST be defined as the
maximum value of all of thelefinedvalues d.,” for (i, i) S, unless alld,
are Undefined in which case the performance is Undefined.

1 Let dbV=d"-d% The termd!’ represents thé® -Percentile of thene

min

way delay for allService Fames delivered t&NI j resulting from an ingress
Qualified Service Frame at UNIThe termd™ is the minimumof the oneway

min

delays for all Servie Frames delivered toNI j resulting from an ingresQuali-
fied Service Fame atthe UNI i. If there are no such egress Service Frames at

UNI j resulting from ingresQualified Service Frames at UNJ thend.” = Un-
defined.

1 Then the Onavay Frame Delay Randeerformance MetritUST be defined as
the maximum value of all of theéefinedvalues ofaT<iR’ for < J>| S, unless all

JT“R’” are Undefined in which case the performanceridéfined.

1 Let /_7;9”'> represent the arithmetic mean of emay delay for all Service Frames

delivered to UNIj resulting from an ingresQualified Service Frame at UNL If
there are no such egress Service Frames af t#slulting from ingresQualified

Service Frames at UNJ then /_ﬁi’” = Undefined.

1 Then the Onavay Mean Frame Delaerformance MetriMUST be defined as
the maximum value of all of the valuerTisﬁi’j> for <i, j>i S, unless <';1II/_7;9”'> are
Undefined in which case the performance is Undefined.

To restate the Frame Delay definition mathematically, let the UNIs in the EVC be numbered
from 1 tom and let D$'j> be the set of onway FrameDelay values for alkegressService

Frames at UNJ resulting from ingresQualified Service Frameat UNI i. D$'j>can be ex-
pressed asDﬁi'j> :{dfi’”,dg’”,...,dgéij,,%}, where d,ﬁi’” is the oneway Frame Delay of the" Ser-

vice Frame. Defineﬂﬁl,’j> for P, >0 as

i) = Tmin nldi iR, ¢ 190 4 |(d,d§"‘>)ﬁif NERER]
Td | T N<"> - P
A [ T k=1 y
% Undefinedotherwise
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where | (¢, ) is an indicator function defined by

glif d2 d
I (d’ dk) = Ie )
i Ootherwise
JT%'” is the minimal delay during the time internbl that P, percent of the frames do not ex-
ceed.

Then a onavay Frame Delayerformance Metrifor an EVC can be expressed as

fsmax{d (i, )i SandwhereN!"’ >0}
[Undeﬁned whenall N{"I = 0for all(i, )l S

T,S

Another parameter is the objective for the difference betweenPth@ercentile delay and
gl —mln{dl D" >} expressed as

min

P(d dy)if Ni >0
dTR |]
[Undeflnedlf N =0

where

A

e ¢ 100 M L
aT<|rJ> : n|dl D IP ¢ —— N a |(d,dé'1>)£]|f N_|<_vl>21
1
|

[ T k=1 g,
Undefinedotherwise

Then a onevay Frame Delay Randeerformance Metriéor an EVC can be expressed as

d. max{d I SandwhereN," >O}
™S [Undeflned whenall Ny =0forall (i, j)i S

Another Oneway Frame Delay attribute is the arithmetic mea@rSf”, which can be expressed
as

é 1 N .
% A (gl ) i NoD
n:él j> i N-I<_I J> a (dk ) If NT >O
! Undeflned if NI =0

Then a Onavay Mean Frame Delayerformance Metrifor an EVC can be expressed as
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- :fémax{ﬁ{ii’” (i, j)I SandwhereN;"”’ >0}
s l[Undefined whenall N, = 0for all <i, j)l’ S

The parametersf these three Oreay Frame Delay Performance Metra® given inrable6.

Parameter Description
The time interval

Non-empty sibset of the ordered UNI pairsthe EVC
CoS_Namg¢TheClass of Servicdlame

A specific percentilee 0 for Oneway Frame Delay Performance
A specific percentilee 0 for Oneway Frame Delay Range Performance

n|-

Oneway Frame Delay Performance Objective correspondirfg to

Oneway Frame DelajRangePerformance Objective correspondingRo

AP Pnd -0 ||

Oneway MeanFrame Delay Performance Objective

Table 61 One-way Frame Delay Performance Parameters

[R34] GivenT, S CoS_NameP,, and a onavay Frame Delay Performance objec-

tive &, expressed in time unitan SLSMUST define the oneway Frame
Delay Performancebjectiveas met over the time intervélfor the subses

if and only if d; ¢ ¢ & or d; ¢ is Undefined

[R35] GivenT, S CoS_NamgeP, , and a Onavay Frame DelayrangePerformance
objective (";'R expressed in time unitgn SLSMUST define the oneway
Frame Delay RangBerformance objectivas met over the time intervilfor
the subsesif and only if d; ¢ ¢ & or d is Undefined

[R36] GivenT, S CoS_Nameanda Oneway Mean Frame Delay Performance ob-
jective M, expressed in time unitgn SLSMUST define the Mean Frame

Delay Performance as met over the time intefvar the subse8if and only
if m ¢ Mormg is Undefined

Recall that if any ofaﬁg‘”, CTT<:’]>, or ﬁ;ﬁi’” are Undefined for time interval and ordered pair

<i, j>, then the performance for that ordered fmio beexcluded from calculations on the per-
formance of pairs iis.

As noted iNR33] andTable6, the subsef has to be a neampty subset of the ordered pairs of
UNIs in the EVC. Thisis the onlyrequirementon S for Pointto-Point and Multipointto-
Multipoint EVCs. For example$ can contain just one of the ordered UNI pairs in a Pomnt
Point EVC. RooteeMultipoint EVCs have an additionegéquiremenbn Sper[R37].
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[R37] For a RooteeMultipoint EVC, SMUST bea norempty subset of the ordered
pairs of UNIs in the EVGuch that all ordered pairs $icontain at least one
UNI that has theRootRole

8.8.2 One-way Inter-Frame Delay Variation Performance for an EVC

Oneway Inter-Frame Delay Variation (IFDV) is the difference between thewasg delays of a
pair of selected Service Frames. This definition is borrowed fromF93[11] where IP pack-
et delay variation is defined.

Let a, be the time of the arrival of the first bit of th¥ Service Frame at the ingress UNI, then
the two framek andl are selected according to the selection criterion:

a - a|=Dt

Let r, be the time frame is successfully received (last bit of the frame) at the egressaodl|
let d, be the delay for frame, then the difference in the delays encountered by friaiaued
framel is given byd, - d,. Define

Dd, :|dk ) d||:|(rk' ak)' (rl - ai)|:|(a1'ak)' (rl - rkx

A positive value ford, - d, implies that the two frames are closer together at the egress UNI

while a ngative value implies that the two frames are further apart at the egress UNI. If either or
both frames are lost or not delivered due to, for example, FCS violation, then theDdglug

not defined and does not contribute to the evaluation oOtieway InterFrame Delay Varia-
tion.

Figure10 shows a depiction of the different times that are eelabOneway InterFrame Delay

Variation Performance.
k k+1 | +1

b el
Ingress ' -

: .

Egress < e

A
A

»
Lt
\

dy d

»
Lt
\

Figure 107 One-way Inter-Frame Delay Variation Definition

[R38] For a givemmonempty set obrdered pasof UNIs S a time intervall, and a
given Class of ServicdName the SLSMUST define theOneway Inter
Frame Delay VariatioRPerformance Metrias follows:
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Let the UNIs in the EVC be numbered from 1no And let S be anonempty
subset of the ordered UNI pars in the EVC. That is

si {i,)li=1..mj=L..mi, j}S, A.

1 Let DA\ be the P,-percentile of theDd, 's of all Qualified Service Frame pairs

where each Qualified Serviderameingresses at UNi and results in an egress
Service Frame at UNlandwhose difference in the arrival times of the first bit of
each Service Frame in the pair at UMlas Dr .

1 |If there are no such pairs of Service Frames for WNdnd UNI j, then
Dd." =Undefined.

1 Then theOneway InterFrame Delayariation Performance MetridlUST be
the maximum of the valueBd."" for (i, i)' S, unless allDd!" are Undefined
in which case the performance is Undefined.

This definition is in agreement with the IP packielay variation definition given iRFC3393
[11] where the delay variation is defined as the difference between th&@ayndelay of two
packets selected according to some selection function and are within a given iftef4l [

The chote of the value foiD¢ can be related to the application timing information. As an ex-
ample for voice applications where voice frames are generated at regular intBevaisy be
chosen to be few multiples of theenframe time.

To restate the definition mathematically, let the UNIs in the EVC be numbered from. A
let Sbe anonemptysubset of the ordered UNI pairs in the EVC. That is

si {i,)li=1..mj=L..mi, j}S, A
Let
V) ={od, Dd,....od (i)}

be the set of all absolute value of delay variations for all eligible pairs of Qualified Service
Frames from UNI to UNI j where thedifference in the arrival times of the first bit of each Ser-
vice Frame at the ingress UNI was exaddly . Define

& & Nl -
Da~<i,,>_Tm| Fle"|P¢% I(d Dd'])PIfN 21
T _,:\ f NT k=1 p
i  Undefinedotherwise

Where | (d, Dd) is an indicator function defined by
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elif d2 Dd
:'Ootherwise

|(d,Dd) =

Thena Oneway InterFrame Delay Variatioerformance Metridor an EVC can be expressed
as

~ f—’max{Dd I SandwhereN< i ]}
D5 [UndeflnedwhenaIIN< I =0forall(i,j)i S

The parameters and objective ®mOneway InterFrame Delay VariatiodPerformance Metric
are given infable7.

Parameter Description
T Thetime interval
S Non-empty sibset of the ordered UNI pairsthe EVC
CoS Nameg TheClass of Servicdlame
P, Oneway InterFrame Delay VariatioPerformance percentile

The separation between frame pairs for wi@icteway Inter
Frame Delay VariatioRerformance is defined

Dt

dp Oneway InterFrame Delay VariatioRPerformance Objective

Table 71 One-way Inter-Frame Delay Variation Parameters

[R39] GivenT, S CoS_NamePR,, Df, and dp the Oneway InterFrame Delay
Variation PerformanceMUST be deflnecby an SLSas met over the time in-
tervalT for the subseSif and only if DdT s € d or DdT s Is Undefined

Recall that if theOneway InterFrame Delay Variation is Undefined for time interVaand or-
dered pair(i, j>, then the performance for that ordered jmé&xcluded from calculations on the

performance of pairs i

As noted iNfR38] andTable7, the subsef has to be a neampty subset of the ordered pairs of
UNIs in the EVC. This is the onlyequirementon S for Pointto-Point and Multipoirdto-
Multipoint EVCs. For example$ can contain just one of the ordered UNI pairs in a Pomnt
Point EVC. RooteeMultipoint EVCs have an additionedquiremenbn S per[R40].

[R40] For a RooteeMultipoint EVC, SMUST bea norempty subset of the ordered
pairs of UNIs in the EVGuch hat all ordered pairs iB contain at least one
UNI that has theRootRole
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8.8.3 One-way Frame Loss Ratio Performance for an EVC

[R41] For a givennonempty set obrdered pagof UNIs S a time intervall, and a
given Class of ServicdlName the SLSMUST define theOneway Frame
Loss RatioPerformance Metrias follows

91 Let the UNIs in the EVC be numbered from 1no And let S be anonempty
subset of the ordered UNI pars in the EVC. That is

si {i,)li=1...mj=L..mi, j}S,A.

1 Let I§”> denote the number afgressQualified Service Frames at ingress UNI

that should have been delivered to Miccording to the Service Frame Delivery
service attributes (see Sectidmm).

1 Let Eﬁi’” be the number ofuinique (not duplicate) egreService Framesvhere
each frame is the first egress Service Fraelesered to UNJ that results from a

Service Frame counted ir}'"”

éé_ <i,j>_ E<|’J>6 N
L T8t T m . (i) 2
1 Define FLR'" =] @ |0 100if 1
% deflnedotherW|se

1 Then the Onavay Frame Loss Rati®erformance MetriUST be defined as

FLR, f-’max{FLRr (i, j)I Sandwherel {"/) 2
° [Undeflnedwhenalll<> Oforall (i, j)i S’

In the case of a Multipoirtib-Multipoint or a RooteeMultipoint EVC, the Service Provider and
the Subscriber can agree to defiﬁl:.\Rﬁi’j> as

eay i _ E<' 1)@
- - i 03 10 2
FLR§|,1> :\: ée i‘:r<i’j> 100|f I 21
tUndefined otherW|se
where | [0 = Ié' 1)~ the number oframes counted ir1$’j> discarded by the Service Provid-

er, in order to conform to either théNI Line Rate of UNIj or an Egress Bandwidth Profile (if

one is used) at UN. Such Service Frame drops may occur anywhere in the network, not just
close to UNIj. One example of this could be where an Egress Bandwidth Profile is applied on a
link within the network.Another example of thisould be where excessifeames exceethe

line rate on a link within the networksood traffic engineering principles would suggest drop-
ping such excessiveames as close to the ingress as possilfiies adjustment is meant to ac-
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count for a focused overload of traffic sent to UNMiom multple ingress UNIsThe details of
such an adjustment are beyond the scope of this document.

The parameters and objective of a Qveey Frame Loss RatiBerformance Metriare given in
Table8.

Parameter Description

T The time interval

S Non-empty sibset of the ordered UNI pawsthe EVC
CoS_Nameg TheClass of Servicdlame

IE Oneway Frame Loss Ratio Performance objective

Table 817 One-way Frame Loss Ratio Performance Parameters

[R42] GivenT, S CoS_Namganda Oneway Frame Loss Ratio Performance objec-
tive E, the Oneway Frame Loss Performant#JST be defined as met over
the time intervalTl for the subset & and only if FLR. ¢ E or FLR; s is
Undefined

Recall that if the Onavay Frame Loss Ratio Performance is Undefined for time int@neadd
ordered pair(i, j>, then the performance for thatdered paiis excluded from calculations on

the performance of pairs

As noted ifR41] andTable8, the subse® has to be a neampty subset of the ordered pairs of
UNIs in the EVC. This is the onlyequirementon S for Pointto-Point and Multipoirdto-
Multipoint EVCs. For example$ can contain just one of the ordered UNI pairs in a Pomnt
Point EVC. RooteeMultipoint EVCs have an additione¢quiremenbn S per[R43].

[R43] For a RooteeMultipoint EVC, SMUST bea norempty subset of the ordered
pairs of UNIs in the EVGuch that all ordered pairs $icontain at least one
UNI that has theRootRole

8.84 One-way Availability Performance for an EVC

Availability Performance is the percentage of timehimita specified time interval during which
the Service Framdoss is small. (The precise definition is presented in the following paragraphs.)
As an example, a service provider can define the Availalfiétyormance to be measured over a
month and the vak for the Availability Performance objective to be 99.9%%@ month with 30
days and no Maintenance Interydéfined below}his objective will allow the service to thén-
availablefor approximately 43 minutes out of the whole month.

Informally, Availablity Performance is based @ervice Framédoss during a sequence of con-
secutive small time interval$Vhen the previous sequence was defined\aslable if the frame
loss is high for each small time interval in the current sequence, then the smaliténaal at

the beginning of the current sequence is definddrasrailable otherwise it is defined a&vail-
able On the other hand, when the previous sequence was defitBthasilable if frame loss is
low for each small time interval in the curresgquence, then the small time interval at the be-
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ginning of the current sequence is definedAgailable; otherwig, it is defined at/navailable
The formal definition follows.

For a time intervall, and a giverClass of ServicdName Availability from ingress UNIi to
egresNI j is based on the following three parameters:

1 Dt, atime interval much smaller than
1 C, aframe loss ratio threshold which if exceeded suggests unavailability,

1 n, the number of consecutive small time intervdl$, over which to assess
availability.

EachDi,inTisdefined to be either HfAAvailableo or
A, 5, (Dt) where A, | (Dt,) =1 means tha, is Available andA, ;, (Dt,) =0 means thaDt,
is Unavailable.

The definition Of'%,p(Dtk) is based on the frame loss ratio functid‘lﬁ<i,j>(Dtk), whichis de-
fined as follows.

Let |§;J‘> be the number of ingress Service Frames that meet the following conditions:

The first bit ofeach Servic&ramearrives at UNI i within the time intervalDt

=

1 Each Service Frame is mappedhe EVCvia the CEVLAN ID/EVC Map,

1 Each Service Framghouldbe deliveredto UNI j according to théramedelivery
service attributessge SectioB.5),

1 EachService Framéas the giverClass of Serviclame

1 EachService Framas not discarded pdR69], [R70], [R128], [D1], [D2], [O4],
or any of the conditions specified &16],

1 EachService Famethat is subject to amgress Bandwidti®Profile has an Ingress
Bandwdth Profile compliance of Greeand

1 EachService Fame that is not subject to &mress BandwidtiProfile either has
no Color Identifieror aColor of Green per the color indication requirements of
MEF 231[22].

Let E&’” be the number of unique (not duplicate) egress Service Frames where each Service
Frame is the firsunerroredegress Service Frame at UNthat results from a Service Frame
counted inl,g’”.
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Téé Eo" B 2 g
Then flr<i‘j>(Dt):lge TR
t Ootherwise

In the case of a Multipoirtb-Multipoint or a RooteeMultipoint EVC, the Service Provider and
the Subscribecanagree to defineﬂr<i,j>(Dt) as

ea i glig —,
e o Qif [ (21
fir,, (D=1 L0 00 e
L™ Ootherwise
where I~D<ti’j> = Ig’” - the number oQualified Service Frames discarded by the Service Provid-

er, in order to conform to either théNI Line Rateof UNI j or an Egress Bandwidth Profile (if

one is used) at UNlL Such Service Frame drops may occur anywhere in the network, not just
close to UNIj. One example of this could be where an Egress Bandwidth Profile is applied on a
link within the network.Another example of thisould be where excessifeamesexceed the

line rate on a link within the networlgood traffic engineering principles suggest dropping such
excessiveframes as close to the ingress as possiifies adjustment is meant to account for a
focused overload of traffic sent to UNfrom multiple ingres UNIs. The details of such an ad-
justment are beyond the scope of this document.

Dt, is the first short time interval agreed by the Service Provider and Subscriber at or after turn
up of the EVC-Axi,D(Dtk) is defined by thdlow diagram inFigure11for k=071,2,....
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Begin

[*Transition to Available if [*Check availability of previous interval*/ [*Transition to Unavailable
next n intervals have low if next n intervals have higr
loss*/ loss*/
A 4 v
fir, (D) €C N (s No fir, ,(0t,)>C,
"m=k,k+1,...k+n-1 "m=k,k+1...k+n-1
A 4 Y
No _ es
AXi ) (Dtk ) =1

>
—
9
x~
N—
I
2

Figure 117 Flowchart Definition of Axi,j>(Dtk)
An alternative way of expressin@i’D(Dtk) for k=0 is

_eoif fir,  (O,)>C,foralm=01..n-1
" lotherwise

A5, (Dt)
and fork=1,2,... is

goif A, (Dt ,)=1andfrr,  (Dt,)>C, forallm=kk+1..k+n-1
A, (D)=11if A (Dt.,)=0andfr, | (Dt,)¢ C,forall m=kk+1...k+n-1.

t A, (D ;) otherwise

In the event of a conflict between the above equationd-anae 11, the content oFigurellis
controlling.

The availability for Dt, is based on the frame loss ratio during the short interval and each of the

following n- 1 short intervals and the availability of the previous short time interval. In other
words, a sliding window of widtDt is used to dtermine availability. This use of a sliding
window is similar to that of ITUl Y.1563[6].

Figurel2 presents an example of the determination of the availability for the small time intervals
with a sliding window of 10 small time intervals.
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DX,

[ nDt » [ nDt »
1/1/1/2/3)111/3]1111110/01010]0]0]0]0[0]0]0[0[0[0/0/0/0/0/0/010/0/0/0[0I0J1]1]1[1[1/2[21/2[1]1}2]
[« >l > » Time
Ai,j>(uk):1 Ai,j}(Dtk)zo '%,p(Dtk):l
n=10

@ fir,,(0t,)>C

0 fir, ,(B,)eC
Figure 1217 Example of the Determination ofAXi‘D(Dtk)

The Availability for a particulaClass of Servicamefrom UNI i to UNI j for a time intervall

is based on the percentage of small time intervalsattgstvailable. Howevethe sméd time in-
tervals that occur during a Maintenance Intelaa not includedn the calculation of this per-
centage A Maintenancdntervalis a time interval agreed to by the Service Provider and Sub-
scriber during which the service may not perform welaball. Examples of a Maintenance In-
terval include:

1 A time interval during which the Service Provider may disable the service for
network maintenance such as equipment replacement,

1 A time interval during which the Service Provider and Subscriber may perfor
joint fault isolation testing, and

1 A time interval during which the Service Provider may change service features
and making the changes may disrupt the service.

Figure13 shows an example of the elimination of short time intervals for a Maintenance Interval.

[ Maintenance Interval >

Dt

e nDt
X X X X

x
O <
O X<
O X<
O X<
O X<
O <

< et Pt »  Time

A= A (=0 A (Dn)=1
n=10
m fir, , (O,)>C
0 fir,, (0,)ec
x Excluded from Availability calculation fof

Figure 131 Example of the Impact of a Maintenance Interval
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Let W, be the set of alDt, 's contained i that do not intersect a Maintenance Inteiavadl let
W, | representhe number of elements in the ¥ .

Available Time for the ordered UNI paff, j), denotedAT, ., is defined as
AT, =D 1D T WA, (0 ) =1
Unavailable Time for the ordered UNI p4ir j), denotedJT, ; , is defined as

UT,, =toe 1o WA (D) =0f

Then the Availability for a particula€lass of Servicdamefrom UNI i to UNI j for a time in-
tervalT, is defined by

e .

if >0

_m I\Nr| a Px. 5, (Dt )if W |
100 otherW|se

In words, AvailabilityPerformances the percentage di, 'sthat do not intersect a Maintenance

Intervalthat haveA, (Dtk) =1.

Note that the definition of\, means that the boundaries bfand the boundaries of a Mainte-
nance Interval do not have to align with the boundary @t,a The definition of Availability
Performace excludes anyt, that straddles the boundary between flvs or that straddles the
boundary of a Maintenance Interval.

[R44] For a given norempty set of ordered pairs of UNIS, a time intervalT, a
time interval Dt, and a giva Class of Servicélame the SLSMUST define
the Oneway Availability Performance Metrias follows:

1 Let the UNIs associated by the EVC be numbetgd..,m.

T Let S be a norempty subset of the ordered pairs of UNIs, i.e.,
si {i.i)li=12.mj=12..mi, j}s, A.

1 Then the Availability for a particulaClass of Servicd&Namefor the setSis de-

fined by A =min{Al |(i, )i §}.

The parametarof a Oneway Availability Performance Metri@are givenin Table 9. Note that
there are constraints dit, C andn per[R28], [R29], and[R30].
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Parameter Description

The time interval

Non-empty subset of the ordered UNI pamghe EVC

CoS_Name TheClass of Servicdlame

A time interval much smaller thah

Unavailability frame loss ratio threshold

Number of consecutive small time intervals for assessing availa
Availability Performance Objective expressed as a percentage

wn|-

¥ngS O]

Table 91 One-way Availability Performance Parametersfor an EVC

[R45] GivenT, S CoS_NameDt, C, n, and E, the SLSMUST define theOneway
Availability Performance Objective as being met if and onhpif2 K.

As noted infR44] andTable9, the subse$ has to be a neampty subset of the ordered pairs of
UNIs in the EVC. This is the onlyequirementon S for Pointto-Point and Multipoinito-
Multipoint EVCs. For exampleS cancontain just one of the ordered UNI pairs in a Reoat
Point EVC. RootedMultipoint EVCs have an additioneg¢quiremenbn S per[R46].

[R46] For a RooteeMultipoint EVC, SMUST be anonemptysubset of the ordered
pairs of UNIs in the EVCsuch that all ordered pairs $icontain at least one
UNI that has theRootRole

8.8.5 One-way Resiliency Performance for an EVC

This section defines attributes for the ResilieReyformance of an ordered pair dﬂNIs,(i, j>.

Resiliency Performance is the number of High Loss Intervals and/or Consecutive High Loss In-
tervals in a time period. The definitions depend on thevailability status of eaclbt to deter-

mine whethemResiliencyperformance counts toward objectives. The Resiliency attributes are
similar to the definitions of Severely Errored Seconds (SES) and Consecutive SES in section 9
and Annex B (respectively) of Y.1568], whenDt = 1 second.

Figure 14 illustrates how the twdesiliencyattributes defined here, counts of High Loss Inter-
vals and counts of Consecutive High Loss Intervals, fit into the hierarchy of time and other at-
tributes.
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s N
SLS Interval, T
N | J
|| 1 1
s N
‘ Unavailable Time ’ Available Time EMamtenaﬂce Interval}
Time
N )

1 1

High Loss Intervals e el Lass
Intervals

| 1

EConsecutive High Loss} £ Non-Consecutive }

Intervals High Loss Intervals

Figure 147 Hierarchy of Time Showing the Resiency Attributes

A High Loss Interval (HLI) is a small time interval containedTifhaving the same duration as
the interval,Dt, defined in SectioB.8.4 with a highframe loss ratioWhen sufficient HLIs are
adjacent, the interval is designated as a Consecutive High Loss Interval (CHLI). $=8tibn
defines terminology for AvailabilityThis section rauses that terminology and defines the fol-
lowing terms:

T H,; (D) : The high loss state dit,, equal to 1if flr<i,j>(Dtk)>C and Dt, isin
Available Time, otherwise equal to O.

1 L<Ti’j>: Count of High Loss Intervals ovér

E: HLI Count Objective foiS T, and a giverClass of Servicdlame

= =2

p: the minimum integerumber of Dt & in the (sliding) window (withD <p < n)
to qualify as a CHLI

| Bﬁi’”: Count ofCHLIs.

§ B CHLI Count Objective fo§S T, and a giverClass of Servicdlame

slif Dt i AT, , fir, (Dt )>C
An equivalent definition foH | (D, ) is H; ;, (D) :‘Fl KD <_"'>( J .
’ ’ i Ootherwise

For everyDt in T that does not intersect a Maintenance Intervalflthand Availability state
determine the value dff; ; (Dt,), either 1 or 0 as defined above.

[R47] For the SLS, the count ofigth LossIntervak overT MUST be determined
by Li"' = § H<i,j>(Dt)-

DT
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Note thata counter forH may be implemented in post processing (e.g., in a Management Sys-
tem), outside the Network Element that is monitoring the frame loss rate obeachis could
be necessary to correlatewibé s i n a Maintenance | nterval

When counting CHLI, the threshofalis used similarly to the variablefor the window size in
the Availability attribute, ang < n.

[R48] For the SLS, the Consecuti\High Loss Intervals ovef MUST be deter-
mined according to the flow chart kagure 15.

Begin

|

. B$’J> =0 R [*Counter = 0 at start of*/
k =min{integer| DX, | T}

No
H<i,j>(Dtm) =L m=k- p+1...k /*p consecutive High Loss
intervals?*/
Yes
i Yes - ,
H<i,j> (Dtk- p) =1, [*Existing consecutive run?*/
No
(i) — plid) " *
By =B/ +1 /*Increment counter*/
" k=k+1
No l Yes
End— Dt 1 T

Figure 1571 Determining and Counting Consecutive High Loss Intervals over

Figure16 shows an example that depicts the HLI and CHLI counting procedssasthere is no
Maintenance Interval
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Dt fe nDt I nDt d
in(Dtk) 1[a[1[afafaTaT1[a]afaT1[1]1[11]ofofolololofololofofolola 1 a1 1 121 1 1 [aTa]1[1]1 ,

H<ij>(Dtk)00011110111010ooooooooooooooooooooooooo10000 Time

|_<Tivi> 00012344567788888888888888888888888888899999
-
B§]> 00000111112222222222222222222222222222222222
n=10p=3
m fir, ,(0t,)>C

0 fir,,(0,)ec

Figure 167 Example of Counting High Loss Intervals and Consecutive High Loss Intervals

Let the UNIs associated by the EVC be numbet@d..,m and letS be a norempty subset of
the ordered pairs of UNIs, i.eS1 {(i,j)[i=12..mj=12...mi, j},S, A. Then the HLI

and CHLI performance attributes for a particuldass of Servicdlamefor the setSare defined
by

E =ma><{L<Ti'j> 10, i) S} g B :ma><{B$,J> (i, i) }

The parameters of tHt@neway ResiliencyPerformance Metrgare givenn Table10. Note that
there are constraints dit, C andn per[R28], [R29], and[R30].

Parameter Description

The time interval

Non-empty subset of the ordered UNI pamghe EVC

CoS_Name TheClass of Serviclame

A time interval much smaller than

Unavailability frame loss ratio threshold

Number of consecutive small time intervals for assessing CHLI, whene
HLI Performance Objective expressed as an integer

Consecutive HLI Performance Objective expressed as an integer

n|-

F{m(o |O|Y|

Table 107 One-way ResiliencyPerformance Parametersfor an EVC

[R49] GivenT, S CoS_NameDt, C, and IE the SLSMUST define the HLI Per-
formance Objective as being met if and onlyjf ¢ IE.

[R50] GivenT, S CoS_NamebDt, C, p, and E the SLSMUST define the CHLI
Performance Objective as being met if and onlgif¢ .

As noted inTable 10, the subse§ has to be a neampty subset of the ordered pairs of UNIs in
the EVC. This is the onlyequirementon S for Point-to-Point and Multipoirito-Multipoint
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EVCs. For exampleS can contain just one of the ordered UNI pairs in a PokRtoint EVC.
RootedMultipoint EVCs have an additionedquiremenbn S per[R51].

[R51] For a RooteeMultipoint EVC, SMUST be anonemptysubset of the ordered
pairs of UNIs in the EVCsuch that all ordered pairs $icontain at least one
UNI that has theRootRole

B.8.6 One-way Group Availability Performance for an EVC

For a given Class of Servitéame Group Availability performances defined for a collection of
two or morenonempty sets of ordered pairs of UNIs associated by the EVC denoted by
G={S,....S,} It depends on the followy parameters:

T, atime interval,
Dt, a time interval smaller thah,
C, a frame loss ratio threshold,

K', a positive integerand

= =2 =2 =2

n, a positive integer.
The Group Availability for the time interveddt is defined as

glif § A’(Dt,S)2 K
Dt =] d¢
[ Ootherwise

o\ 7

where Ag(Dt,S):min{Azi'w(Dt)l(i,J)I S}. and Ai’D(Dt) is as defined in SectioB.8.4 In
words, A° (Dt,S):l when all ordered UNI pairs ir5 have been experiencing low lother-
wise A°(Dt, S)=0.

[R52] The SLSMUST define the Onavay Group Availability Performance Metric
€100 .. .
— Dt, )if >0
as A, =| W | Dtkai'wrpb( Jif M| whereW is theset of Dt time in-
[ 100 otherwise
tervals contained il that don't intersect Kaintenance Intervads defined in
Section8.8.4

The Oneway Group AvailabilityPerformanceMetric can be viewed as the percentage of time
that at leastK S, 's areAvailable For example, consider a Multipoitg-Multipoint EVC that

14 Section11.1contains a similar Performance Metric for the case where the sets of ordered UNI pairs come from
more than one EVC.
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associates UNIs, UNIs, and UNl, K=1, and let G={S,S} with
S ={(UNI,,UNI,),(UNI,,UNI,)} and S, ={{UNI,,UNI.),(UNI.,UNI)}. Then A, represents
the percentage of time thdiNla has good connectivity with at least oned iz or UNIc.

The parametarof a Oneway Group Availability Performance Metric are given ihable 11.
Note that there are constraints bh, C andn per[R28], [R29], and[R30].

Parameter Description
T The time interval
S,....S, | Nonempty sibsets of the ordered UNI pairsthe EVC

CoS_Name TheClass of Serviclame

A time interval much smaller thah

Unavailability frame loss ratio threshold

Minimum number ofS's that are to bAvailable

Number of consecutive small time intervals for assessing availa
GroupAvailability Performance Objective expressed as a percer

Fs | X109

Table 117 One-way Group Availability Performance Parametersor an EVC

[R53] GivenT, S,...,S,, CoS_NameDt, C, K, n, and l% , the SLSMUST de-
fine the Oneway Group Availability Performance Objective as being met if

and only if A, 2 /%

[R54] For a RooteeMultipoint EVC, each S,k =1,.....m MUST be anonempty
subset of the ordered pairs of UNIs in the E\¢Gch that all ordered pairs in
S,k =1,...,m contain at least one UNI thaas theRoot Role

8.9 EVC Maximum Service Frame Size Service Attribute

The value for th&eVC Maximum Service Framéize is a positive integer in bytesny ingress
Tagged Service Frame whose lengttteeds the Maximum Service Frame Size is likely to be
discarded. Any ingress Untagged Service Frame whosgh exceeds the Maximum Service
Frame Size minus 4 is likely to be discarded

[R55] The value of the EVC Marium Service Frame Si2ZdUST be at least 1522
bytes.

[R56] The value of the EVC Maximur8ervice Framé&ize MUST be less than or
equal to thesmallestof the UNI Maximum Service Framé&izes (see Section
9.7) for all UNIs associated by the EVC.

[D1] An ingressTaggedService Frame that is mapped to the EVC and whose

lengthexceeds th&VC Maximum Service Framé&ize SHOULD be discard-
ed.

MEF 10.3 © TheMEF Forum 2013Any reproduction of this document, or any portion thereof, shall contain the follo Page45
statement: "Reproduced with permission of MEF Forum."No user of this document is authorized to mod
any of the information contained herein.



M E F Ethernet Services Attributes Phase 3

[D2] An ingress Untagged Service Frame that is mapped to the EVC and whose
length exceeds the EVC Maximum Service FreBize minus 4SHOULD be
discarded.

Note that an ingress Service Frame thalissarded pefD1] or [D2] does not consume tokens in
a Bandwidth Prole (see Sectiod?).

0. UNI Service Attributes
This section describes attributes at each UNI.

A UNI can have a number of characteristics that will be importatitetavay that the CE sees a
service. One of the key aspects of a service description will be the allowable mix of UNIs with
different characteristics in an EVC. For example, a specific (simple) service might require all
UNIs to have the same speed at thgsptal layer. A more sophisticated service may allow a
wide variety of speeds.

9.1 UNI ID Service Attribute

The UNIID Service Atribute is independent of the EVCs at the UNIidtassigned tohie UNI
by the Service Providelt is an arbitrarystring subjectto the following requirements

[R57] The UNIID MUST be unique among all UNIs for ti&EN.
[R58] The UNIID MUST contain no more than 4sharacters

[R59] The UNI ID MUST be anonnull RFC 257910] DisplayString but not con-
tain the characters 0x00 through Ox1f.

As an exampl e, t he Ser vi-Node3Fot2-Portl"dsearUNIDiamgdht us e
this could signify Port 1 in Slot 2 &fode 3 in Santa Clara POPL1.

Note that[R57] does allow two Service Providers to use the same identifier for different UNIs
(one UNI per Service ProviderDf cour®, using globally unique identifiers for UNIs meets
[R57].

9.2 Physical Layer Service Attribute

This attribute is a list of physical layers, one for each physicalitimkementing the UNI per
Section9.4. Different physical links can use different physical layers.

[R60] The Physical Layefor each physical link implementing the UNMUST be
one of the PHYs listed in IEEE Std 802i3 2012 [3] but excluding
1000BASEPX-D and 1000BASEPX-U.

[R61] The Physical LayeMUST operate in full duplex mode.
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Typically there are no constraints in mixing UNIs with different physical media in the same
EVCY

9.3 Synchronous Mode Service Attribute

The Synchronous Mode Service Attribute is a Wéth one item for eaclof the physical links
implementing the UNI per Sectidh4. Eachitemi n t he | i st takes on one
bl eddo or Whenitteadiubfanditedi s fAEnabl ed, 06 the bits tra
to the CEon the physical link corresponding to the iteam be used by the CE abiaclock ref-

erence.

[R62] When the value of an item in the Synchronous Mode Service Attribute is
AEnabl ed, 0 t hMUSTesperify theequakty ob thei cldak refer-
ence that is being provided on the physical link corresponding to the list item.

The handling of L2CHrames carrying messages for tBéhernet Synchronization Message
Channel (ESMCHps specified in ITUT G. 8264[5] is beyond the scope of this document. MEF
22.1[21] contains an example of the support of ESMC.

94 Number of Links Service Attribute

A UNI can be implemented with one or more physical links. This attribute specifies the number
of such links.

[R63] Thevalue for theNumber of Links Service AttributelUST beat leastl.

When there are two links, protection mechmasm is required to be identified with UNI Resilien-
cy Service Attributesee Sectiof.5. Protection mechanisms farUNI with more than two links
are beyond the spe of thisdocument

9.5 UNI Resiliency Service Attribute
The UNI Resiliency Se Nongodiel iAtkt rA gbgua e€thid adl oune, oc a

[R64] If the value for the Number of Links Service Attribute is 1, then the value of
the UNI Resiliency Service AttributdUST b eNofie 0

[R65] If the value for the Number of Links Service Attribute is 2, then the value of
the UNI Resiliency Service AttributdUST bef2-L i nk Aggr egati on.

[R66] Whenthe value of the UNI Resiliency Service Attributes2-Lifk Aggrega-
t i on CBNMUSTesupport Link Aggregation as in ClauSe.1 of IEEE
Std 8021AX T 2008[1] with one Link Aggregation Group (LAGjcross the
links supportingthe UNI and with one link in active mode and the other in
standby modeé®

15 An exception might be wireless when the servamguires stringent requirements on packet loss.
16t is expected that a future MEF Technical Specification will place requirements on the Destination Address in the
L2CP Service Frames used to meet this requirement.
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[R67] If the value for the Number of Links is 3 or greater, then the value of the UNI
ResiliencyService AttributeMUST b eOther o

Requirements for when the val ue Othéo tahree UdNdy oRe
the scope of this document.

9.6 Service Frame Format Service Attribute

[R68] The format of the Service FramMUST be that of the MAC frame that is
specified in Clause 3 ¢oEEE Std802.31 2012[3].

[R69] Aningress Service Frame that is invalid as defined in Clausef IEEE Std
802.31 2012[3] MUST be discarded.

[R70] Aningress Service Frame with length that is less than 64 BT be dis-
carded as per Claude?.4.2.20f IEEE Std802.31 2012[3].

9.7 UNI Maximum Service Frame Size Service Attribute
The value for the UNI MaximurBervice Framé&ize is a positive integer in bytes.

[R71] The value of the UNI Maxnum Service Frame Si2ZdUST be at least 1522
bytes.

9.8 Service Multiplexing Service Attribute
Service Multiplexing can be either Enabled or Disabled.

[R72] A UNI with Service MultiplexingenabledVIUST beableto support multiple
EVCsl’

[02] When a UNI has Service Multigking Enabled Pointto-Point EVCs and
Multipoint EVCsMAY be multiplexed in any combination at a UNI.

Figure 17 shows an example of Service Multiplexing. In this exanm@E A is attached to the
CEN via a Gigabit Ethernet UNI. CEs B, C, and D are attached via 100 Mbps Ethernet UNIs.
Using Service Multiplexing, instances of PaintPoint EVCs to each of B, C, and D can be im-
plemented at A without requiring 3 physical {soon the CE at AUNI A needs to have Service
Multiplexing Enabled while the UNIs B, C, and D could have Service Multiplexing Enabled or
Disabled.

17 Since the UNI is dedicated to a siagubscriber, only one Subscriber can access the EVCs at the UNI.
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Figure 177 Example of Service Multiplexing on UNI A
This attribute is independent of the EVCs at the UNI.
9.9 Customer Edge VLAN ID

At the given UNI, theCusbmer Edge VLAN ID (CEVLAN ID) can be used to identify an EVC
that associatghis UNI.

There are 4095 CKLAN IDs numbered 1 through 4095. The GEAN ID for a VLAN
TaggedService Framés the value of th&/LAN ID in the tag.

[R73] Untagged and Priority Tagged Service FrardST have the same CE
VLAN ID.

[R74] The CEVLAN ID for Untagged and Priority Tagged Service FrarWddST
be in the ranfge 1, 2 , ¢é, 4094.

When All to One Bundlingis Enabled (Sectio®.13), the value of the C&/LAN ID for Un-
tagged and Priority Tagged Service Frames does not affect the behavior of thesE€én by
the Subscribeand thus can be consi@eto be not applicable In such a situation, there is no
need for the Subscriber and the Service Provider to agree on the value of-tHIANHED.

[R75] When CEVLAN ID Preservationis Disabledfor an EVC to witch the CE
VLAN ID for Untaggedand Priority TaggedService Frames is mapped,
egress Service Frameasapped tahis EVCat the given UNIMUST be Un-
taggedService Frames

Note that mre than one CE/LAN ID canmapto the same EVC as described in Secfidi0

Note thatthe Customer VLAN TagvaluesO and 4095n IEEE Std802.1Q71 2011[2] are re-
served for special purposes and thus the number of VLANSSubscriber network isypically

18 4095 is not included for compatibility with IEEE S862.1Qi 2011[2] where 4095 is reserved for special pur-
poses.
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less than 4095. Neverthele§gggedService Frames with any VLAN ID value as well ds-
taggedService Frames can exist at the UNI. Consequently th¥/IGEN ID can have 4095 val-
ues. Howeverfewerthan 4095 EVCsanbe supported at a UNI. See Sectéhl

The 4095 CEVLAN IDs always exist at each UNI and are independent of the EVCs at the UNI.
The CEVLAN ID for Untaggedand Priority TaggedService Frames is also independent of the
EVCs at the UNI.

9.10 CE-VLAN ID/EVC Map Service Attribute

9.10.1 Basic Concept

The CEVLAN ID/EVC Map associate€E-VLAN IDs to EVCs. Note that this mapping applies
to both ingress and egress Service Frames. For an ingress Service Frame\thaNdD for
the Service Frame and the MEAN ID/EVC Map enable the CEN to know how to tker the
Service Frame. For an egress Service Frame, th¥lGHWN ID for the Service Frame and the
CE-VLAN ID/EVC Map allow the CE to know which EVC the Service Frame came from.

[R76] At each UNI therelUST be a mapping of eadBE-VLAN ID to at most one
EVC.

Note thafR76] means that a given G¥#LAN ID need not be mapped to an EVC.

[R77] When Bundlingis Disabledand All to One Bundlings Disabled(as defined
in Sections9.12and9.13, exactly one CE/LAN ID MUST be mapped to
eachEVC.

Figure18is an example of a GELAN ID/EVC Map. In this example and all of the following
examples, the entry in the EVC column can be any suitable identifignd EVC, e.g., the EVC
ID (Section8.2) or the UNI EVC ID (Sectiord0.1).

CE-VLANID | EVC

47 EVC:
1343 EVC,
17+ EVGs

47
1343 3= =

~=
untagged and !
priority tagged, 17 N

Figure 181 Example of a CEVLAN ID/EVC Map

19n this example, the GELAN ID for Untagged and Priority Tagged Service Frames is configured to 17.
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In this example, an ingre84.AN TaggedService Frame with G&/LAN ID 47 is transported
according to the properties and attributes of EVAh ingressUntaggedor Priority TaggedSer-
vice Frame is transported according to the properties and attributes af ENW@gressService
Framecoming fromEVC:is given CEVLAN ID 1343.

[R78] When an instance of the @A.AN ID/EVC Map does not contain an entry
for a given CEVLAN ID, any ingress Service Frame at the UNI with this
CE-VLAN ID MUST NOT result in a corresponding egress Service Frame at
any UNI in theCEN.

Note that[R78] does not preclude processing ingress SOAM and L2CP Service Frames with a
CE-VLAN ID that does not map to an EVC, but such frames do not resal egress Service
Frame at any UNI.

In scenariosvhere All to One Bundling is Disabledhe Subscriber and the Service Provider
needto agree upon the CELAN ID/EVC Map at the UNI. Also note that for a given UNI, the
CE-VLAN ID/EVC Map may be constragd by the range of GELAN ID values that can be
supported by the CE and the range of\IEAN ID values that can be supported by the Service
Provider.

9.10.2 CE-VLAN ID Significance

When CEVLAN ID Preservation is DisableR24]), the CEVLAN ID/EVC mapping for a
given EVC at a UNI can be different from the mapping at another UNI in the sameHEWVE.
ever, in some cases it is mandated to be the same such as wWhdrARHD Preservation is
Enabled [R24]) or when Bundling is Enable{R81]).

Figure 19 shows valid CEVLAN ID/EVC Maps for three EVCs between two UNIs. Note that
when CEVLAN ID Preservation (SectioB.6.1) is Enabled foran EVC, the mappings for the
EVC are identical as is the case for EME Figure 19. Otherwise the CE/LAN ID cannot be
preserved.

UNI A UNI B
CE-VLAN ID | EVC CE-VLAN ID | EVC
47 EVC. 47 EVC:
1343 EVC, 1749 EVC;
187 EVCs 1343 EVCs
47 47
i:‘f} = | :—{urtzaged and priority tagged, 17
UNI A UNI B

Figure 191 Example of CEVLAN ID/EVC Maps at Two UNIs
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9.10.3 Describing the Contents of the CE-VLAN ID/EVC Map

The CE-VLAN ID/EVC Map described here is an abstraction. This description does not con-
strain how the contents can be described in a protocol, database, service order form, etc. For ex-
ample, shorthand descriptions such as the example of S8ctidar the protocol optimizations

of the Ethernet Local Management Interfat@] are allowed.

9.11 Maximum Number of EVCs Service Attribute

This attribute defines the maximum numbeEMCs that the UNI can support.
[R79] Maximum Number of EVCMUST have a value of at least one.

9.12 Bundling Service Attribute

Bundling can be eithéEnabled or Disabled.

[R80] When a UNI has Bundlingnabled it MUST be able to supporimore than
one CEVLAN ID mappingto a particular EVC at the UNI.

The BundlingServiceAttribute is indpendent of the EVCs at the UNI.

Note that when more than one MEAN ID is mapped to an EVC at a UNR25] mandates
that the EVC have GLAN ID Preservation Enabled.

[R81] An EVC with more than one CE/LAN ID mappingto it MUST have the
sanelist of CE-VLAN IDs mappng to the EVC at each UNI in the EVC.

Figure20 shows an example of Bundling. In this example, UNI A and UNI B tBawalling En-
abledas seerfrom the mapping for EVC (EVC: has CEVLAN ID PreservationEnabled).
Note that Bundlingznabledis compatible with Service Multiplexing. IlRigure20, UNI A and
UNI B are examples of Service Multiplexiimabledand Bundlingenabledon the same UNI.

UNI' A UNI B UNI C
CE-VLANID | EVC CE-VLANID | EVC CE-VLANID | EVC
47,48,49 EVC, 47,48,49 EVC 1 EVC;
113 EVGCs 1 EVC, 47 EVGCs

47,48,49

N

47,48,49

Figure 207 Example of Bundling
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This model does not constrain the way that the Service Provider and Subscriber communicate the
contents of the C&/LAN ID/EVC map. For example, a Service Provider could simply describe
Bundlingas slown inFigure21.

Description Actual Map
CE-VLAN ID | EVC CE-VLAN ID EVC
2000 EVCy 2000 EVC,
2001 EVGs 2001 EVGCs
All others EVC, 1, é, 109699 ,4|EVC

Figure 217 Example of a Simple Description of Bundling
9.13 All to One Bundling Service Attribute

All to One BundlingEnabledis a special case of Bundlirignabledbut it is sufficiently im-
portant to be called out asaparate attribute.

All to One Bundling can be either Enabled or Disabled.

[R82] When a UNI has All to One Bundlingnabled all CEVLAN IDs MUST
map to a single EVC at the UNI.
[R83] When a UNI has All to One Bundlingnabled all other UNIs in the EVC as-

sociating tis UNI MUST have All to One Bundlindgenabled

Note that[R25] means that the EVC that associates a UNI with All to One Bundling Enabled is
requiredto have CEVLAN ID Preservation Enabled.

The All to One Bundling service attribute is indepenidof the EVCs at the UNI.

[R82] mears that a UNI with All to One Bundling=nabledcannot have Service Multiplexing
Enabled

Each column offable 12 showsa valid combination of thé&undling, All to One Bundlingand
Service Multiplexing attributes.

Valid Com- | Valid Com- | Valid Com- | Valid Com- | Valid Com-
bination 1 | bination2 bination3 bination4 bination5
Service Multiplexng | Disabled Enabled Enabled Disabled Disabled
Bundling Disabled Disabled Enabled Enabled Disabled
All to One Burdling Disabled Disabled Disabled Disabled Enabled

Table 127 Valid Combinations of Service Multiplexing, Bundling, and All to One Bundling

9.14

[R84]

Ingress Bandwidth Profile per UNI Service Attribute

For an Ingress Bandwidth Profile per UN single Bandwidth Profile Flow

based on criterioth of [R134] MUST be contained in a single Envelog8ee
Sectionl2.1for the definitions oBandwidth Profile Flowand Envelopg
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As described in Section 12.2 only values for the parameters
<CIR1,CBSl,EIR1,EBSl,CFl,CM1> need to be specified for dngress Bandwidth Profile per
UNI.

Figure22illustrates an example of the application of ingress policing witingress Bandwidth
Profile per UNI In the example offigure22, ingress Service Frames for the three EVCs would
all be subject to a singllngress Bandwidth ProfileThe Ingress Bandwidth Profile per UNI
manages bandwidth nafiscriminately for all EVCs at the UNI, i,esome EVCs may get ane
bandwidth while others may get less.

Thelngress Bandwidth Profile per Ukrvice attribute is independent of the EVCs at the UNI.

Bandwidth Profile

UNI per Ingress UNI

Figure 2271 Ingress Bandwidth Profile per UNI
9.15 Egress Bandwidth Profile per UNI Service Attribute

[R85] For an Egress Bandwidth Profile per UNH single Bandwidth Profile Flow
based on criteriod of [R134] MUST be contained in a single Envelog8ee
Sectionl2.1for the definitions oBandwidth Profile Flowand Envelope.)

As described in Section 12.2 only values for the parameters
<CIR1,CBSl,EIR1,EBSl,CFl,CM1> need to be specified for dhgress Bandwidth Profile per

UNI.

The Egress Bandwidth Profile per UNhanages bandwidth natiscriminately for all EVCs at
the egresdUNI, i.e. some EVCs may get more bandwidth wiotbers may get les&igure 23
portrays this model of Egress Bandwidth Profile.

The Egress Bandwidth Profile per UNervice attributés independent of the EVCs &iet UNI.
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Egress
Bandwidth
Profile

UNI,

(egress)

to Other

Egress

UNIs
Figure 2371 Egress Bandwidth Profile per UNI

9.16 Link OAM Service Attribute

Link OAM can be eitheEnabledor Disabled.

[R86] When thevalue of the Link OAM Service Attribute is Enabled, t6&N
MUST suwpport Active DTE mode capabilities as specified in clausg.8 of
IEEE Std802.31 2012[3] on each link in the UNI.

9.17 UNI MEG Service Attribute
UNI MEG can be eitheEnabled or Disabled.

[R87] When the value of the UNI MEG Service Attribute Bmabled, theCEN
MUST meet the mandatory requirementsSection 7.9 oMEF 301 [25]
thatapply to the UNI MEG.

When the value of the UNI MEG Service Attribute is Enabled, several parameter values need to
be determined as described in Section 7.9 of MEE [@B]. An Implementation Agreement can
specify such values.

9.18 E-LMI Service Attribute
E-LMI can be either Enabled or Disabled.

[R88] When the value of the-EMI Service Attribute is Enabled, théEN MUST
meet the mandatory requirements in MEH 1) that apply to the UNN.
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9.19 UNI Layer 2 Control Protocol Processing Service Attribute

Requirements for the processing of L2CP Service Frames are contained in MEE3. Addi-
tionalrequirements fokink Aggregation are in Sectidhbs.

10. EVC per UNI Service Attributes

This Section contains attributes that apply to an EVC at a given UNI. For a given EVC, the value
of an EVC per UNI Service Attribute can be different at each of the UNIs associated by the
EVC.

10.1 UNI EVC ID Service Attribute

The UNI EVC ID is a string formed by the concatenation of the UNI(82ction9.1) and the
EVC ID (Section8.2) that is used to identify an EVC at the UNI. It is intended for management
and control purposes.

10.2 Class of Service Identifier Service Attribute

Each ingress Service Frame mapped to the given EVC has a single Cesyio¢ Identifier.
The Class of Service Identifier can be determined from inspection of the content of the ingress
Service Frame.

The Class of Service Identifier in the ingress Service Frame maps to a Class of Service Name. As
described in Section 6.2 MEF 23.1[22], the Class of Service Name is used to identify the per-
formance objectives and associated parameters that apply to the ingress Service Frame as de-
scribed in Sectio®.8 of this documentNote that the Class of Service Name could be one of the
Class of Service Labels standardized in MEF 222}

For example, for the given EVC at the UNI, there could be three Class of Service Names offered
called Silver, Gold, and Platinum.

[O3] A Class of Service IdentifieMAY map to a Giss of Service Name that calls
for discard.

[R89] WhenaClass of Service Identifier maps to a Class of Service Name that calls
for discard, any ingress Service Frame with this Class of Service ldentifier
MUST be discarded.

The mapping of Class of Service Iddieti to Class of Service Name is not necessarily the same
for each EVC at given UNI,or for each UNI associated by a given EVC.

The requirements regarding the Class of Service Identifier for Data Service rath€©OAM
Service Frameare differentthanthey are for Layer 2 Control Protocol Service Frames as de-
tailed below.
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10.2.1 Class of Service Identifier for Data Service Frames

[R90] A given EVC at a given UNMUST use the method described in exactly one
of the Sectiond0.2.1.1 10.2.1.2 or 10.2.1.3to determine the Class of Ser-
vice Identifier from the content @ata Service Frames.

[R90] means that a given EVC at a given UNI either uses the methdd.2nl.1 or uses the
method in10.2.1.2 or uses the method &0.2.1.3 Different EVCs at the same UNéag use dif-
ferent methods. Also, different methods can be used by the same EVC at different UNIs.

10.2.1.1 Class of Service Identifier Based on EVC

[R91] When Class of Service Identifies based on EVCall ingress Data Service
Frames mapped to the EMBUST map to the sae Class of Service Name
at the given UNI.

As an example, consider EVC 1 and EVC 2 at a UNI. Ingress Data Service Frames mapped to
EVC 1 have a first Class of Service Identifier that indicates Class of Service Label H. Ingress
Data Service Frames mappedBWC 2 have a second Class of Service Identifier that indicates
Class of Service Label M.

10.2.1.2 Class of Service Identifier Based on Priority Code Point Field

Throughout this section, recall that GEAN CoS refers to the Priority Code Point Field in the
Custome VLAN Tag in a Tagged Service Frame.

[R92] When the Class of Service Identifier is based on the Priority Code Point Field,
the CEVLAN CoSMUST determinethe Class of Service Name.

[R93] When the Class of Service Identifier is based on the Priority Code Point Field,
each possibl€E-VLAN CoS valueMUST map to exactly one Class of Ser-
vice Name.

[R93] means that the sets GE-VLAN CoS values that each map to a different Class of Service
Name are disjoint sets and the union of all such sets is the set of all pQ@&sNleAN CoS val-
ues.[R93] also means that each ingress Service Frame has a single Class of Service Name that
applies to it.

Table13 shows an example of ClasEService Identifiers based on Priority Code Point Field for
EVC 1 at the UNI. In this example, an ingress Tagged Data Service Fram€mWhAN CoS

= 5 is subject to thperformance objectives f@lass of Service Name Gol@lable14 shows an
example of Class of Service ldentifiers based on Priority Code Point Field fo2EW @e UNI.
These examples illustrate that the Class of Service Identifiers can be difterdifterent EVCs

at the UNI.
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CE-VLAN CoS Values | Class of Service Name

4,5,6,7 Gold
0,3 Silver
1,2 Discard

Table 137 PCP Class of Service Identifier Example for EVC1 at the UNI

CE-VLAN CoS Values | Class of Service Name
7 Platinum
0,1,2,3,45,6 Gold

Table 147 PCP Class of Service Identifier Example for EVC2 at the UNI

[R94] When the Class of Service Identifier is based on the Priority Code Point Field,
the Class of Service Name for all ingress UntagBeda Service Frames
mapped to the given EVMUST be agreed to by the Subscriber and Service
Provider.

[D3] When the Class of Service Identifier is based on the Priority Code Point Field,
the Class of Service Name fmgressUntagged Data Service Frames mapped
to the given EVC (sefR94]) SHOULD bethe sameClass of Service Name
as that for a Tagged Data Service Frame WHEWVLAN CoS = 0.

[R93] and[R94] along with the fact thatht mapping of Class of Service Identifier to Class of
Service Nimes is not necessarily the same for each EVC at givenro@dn that to determine

the Class of Service Name based on the Priority Code Point Field for an ingress Data Service
Frame at a given UNI, both the EVC to which the frame is mapped ai@EtMLAN CoSval-

ue need to be considered. Stated differently, the Class of Service Name for an ingress Data Ser-
vice Frame at a given UNI is determined from the EVC plus the value GENE_AN CoS.%°

10.2.1.3 Class of Service Identifier Based on Internet Protocol

When the @ass of Service ldentifier is based on Internet Protocol, the Class of Service Identifier
is determined from the DSCP for a Data Service Frame carrying amiRwPvepacket.

[R95] When the Class of Service Identifier is based on Internet Protocol, each pos-
sible DSCP valueMlUST map to exactly one Class of Service Name for in-
gress Data Service Frames carrying an IPv4 packet.

[R96] When the Class of Service Identifier is based on Internet Protocol, each pos-
sible DSCPvalue MUST map to exactly one Class of Service Nafar in-
gress Data Service Frames carrying an IPv6 packet.

[R97] When the Class of Service Identifier is based on Internet Protocol, all ingress
Data Service Frames mapped to the given EVC that do not contain either an
IPv4 or an IPv6 packé?lUST have the Clasef Service Name that is agreed
upon by the Subscriber and the Service Provider.

20per[R94], UntaggedServiceFrames can be consideredctintaina special CEVLAN CoS value for this purpose.
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Table 15 shows an example of using Class of Service Identifier based on InternetdRrérto
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this example an ingress Data Service Frame carrying an IPv4 packet with DSCP = 37 would be
subject to the Class of Service Name Platinum. Similarly, an ingress Data Service Frame carry-

ing an IPv6 packet withSCP= 37 would be subject to theerformance objectives foClass of

Service Name Platinum. In this example Diamond can only apply to ingress Data Service Frames
carrying an IPv4 packet and Ruby can only apply to ingress Data Service Frames carrying an

IPv6 packet.
IPv4 DSCP Values| IPv6 DSCPValues | Class of Service Name
11,37,45 113745 Platinum
8,10,12 Diamond
38,213 Ruby
All other values All other values Discard

Table 157 Internet Protocol Class of Service Identifier Example for an EVC at the UNI

Table15 is an example where IPv4 and IPv6 are simultaneously supp@ibte16 shows an
example where onliPv4 is supportedin this example, the Class of Service Name for ingress
Data Service Frames not carrying an IP packet is "Good EnouglR9é}. This fact and the
last row means that "Good Enough" applies to iagyessData Service Frame not carrying an
IPv4 packetConsequently, if IPv6 is not recognized but instead is treated as’noime map-
ping shown inTable16is achieved.

IPv4 DSCP Values

IPv6 DSCPValues

Class of Service Name

11,37,45 Superior
8,10,12 Near Superior
All other values Discard

All values

Good Enough

Table 167 IPv4 Class of Service Identifier Example for an EVC at the UNI

Table17 shows an example where only IPv6 is supportedhis example, th€lass of Service
Name for ingress Data Service Frames not carrying an IP packet is "Good EnouffROfler
This fact and the last row means that "Good Enougpliegpto anyingressData Service Frame

not carrying an IPv6 packe€Consequently, if IPv4 is not recognized but instead is treated as
nortIP, the mapping shown ifablel17 is achieved.

IPv4 DSCP Values

IPv6 DSCP Values

Class of Service Name

11,37,45 Superior
8,10,12 Near Superior
All other values Discard

All values

Good Enough

Table 177 IPv6 Class of Service Identifier Example for an EVC at the UNI

The three previous examples show H&w4 and IPv6pnly IPv4,andonly IPv6can be support-
ed by appropriate structuring of the mapping from DS&IRe to Class of Service Name
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[RI5], [R96], and[R97] along with the fact thathe mapping of Class of Service Identifier to
Class of Service Names is not necessarily the same for each EVC at givandaNIthat to de-
termine the Class of Service Name for an ingress Data Sé&naoee, both the EVC to which the

frame is mapped and the DSCP of the IP packet need to be considered. Stated differently, the
Class of Service Name for an ingress Data Service Frame is determined from the EVC plus the
value of the DSCP:

10.2.2 Class of Service Identifier for Layer 2 Control Protocol Service Frames

Irrespective of which approach is used to determine the Class of Service Identifier for ingress
Data Service Frames for the EVC as detailed in SectiOr51.110.2.1.2 and10.2.1.3 a list of

Layer 2 Control Protocols can be specified with each entry in the list being a Class of Service
Identifier. Thus each entry in the list maps to a single Class of Service Name. The entries in this
list are referred to as the L2CP Class of ®eridentifiers.

Note thatsince he mapping of Class of Service Identifier to Class of Service Names is not nec-
essarily the same for each EVC at given Uikeé L2CP Class of Service Identifsszan be dif-
ferent for different EVCs that associate a givenlUN

[R98] If the Layer 2 Control Protocol carried by an ingress Layer 2 Control Protocol
Service Fram@ is contained in the L2CP Class of Service Identifiers, then
the Class of Service Name for this fral®JST be theClass of Service
Name mapped to by the LayeCdntrol Protocal

[R99] If the Layer 2 Control Protocol carried by an ingress Layer 2 Control Protocol
Service Framé is not contained in the L2CP Class of Senvidentifiers,
then the Class of Service Name for this fraldST be determined as if is
aData Service Frame per Sectib®.2.1

[R98] and[R99] along with the fact thatht mapping of Class of Service Identifier to Class of
Service Names is not necessarily the same for each EVC at givenrighih that to determine
the Class of Service Name for an ingress Layer 2 Control Protocol SEraice, both the EVC
to which the frame is mapped and the type of Layer 2 Control Protocol need to be considered.

10.2.3 Class of Service Identifier for SOAM Service Frames

[R100] For a given EVC at a given UNI, the basis for the Class of Service ldentifier
for ingressSOAM Service FrameBIUST be the same as that for ingress Da-
ta Service Frames.

[R101] For a given EVC at a given UNI, the mapping from Class of Service Identifi-
er to Class of Service Name for ingress SOAM Service FraméST be the
same as that for ingress Data\iiee Frames.

21 per[R96], ServiceFramesnot containing an IP packean be coridered tocontaina speciaDSCPvalue for this
purpose.
22 The method by which the type of Layer 2 Control Protocol is determined is beyond the scope of this document.
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10.3 Color Identifier Service Attribute

The Color Identifier is the means by which the Color for a Service Frame is indicated by the con-
tent in the Service Frame header.

[R102] The Color for a Service FramMUST be either Green or Yellow.
Note that Colotdentifier applies to both ingress Service Frames and egress Service Frames.

When an Ingress Bandwidth Profiledslor-aware, the value of the Color for a Service Frame
influences the behavior of the Bandwidth Profile Algorithm (see Sei&fol). When nolngress
BandwidthProfile is applied to an ingress Service Frame, the Color for the Service Frame helps
determine if the Service Level Specification applies to the frame (see Sé&jion

The Color for an egress Service Frame is important when there is sae@oe Egress Band-
width Profile(see Sectioi2.4).

A Service Frame need not hav€alor Identifier

[R103] When a Service Frame has no Color IdentifieMiy)ST have theColor
Green

The Color Identifier can be based on a specific field in the Service Frame or it can be implicit.
An example of an implicit Color Identifier is to specify th#lt2ervice Frames mapped to a giv-
en EVC have the Color Yellow. The Color Identifier for Service Frames is one of:

1. EVC (all Service Framesmapped to the EV@Gave the same Color),

2. CE-VLAN CoSvalug

3. CE-VLAN Tag DEl, or

4, DSCP value if the Service Frame consaam IPv4 packedr an IPv6 packet.

[O4] At a given UNI, theColor Identifiers for Service Frames mapped to one EVC
MAY be different than th€olor Identifiers for Service Frames mapped to a
different EVCat the given UNI

[O5] The Color Identifiers foiService Fraras mapped tan EVC at a given UNI
MAY be different from the Color Identifiers f@ervice Frames mapped to
the EVC at other UNIs in the EVC.

The following sections describe the various ways that Color Identifier can be specified. Note that
the requirements in Sectiod®.3.1 10.3.2 10.3.3 and10.3.4apply to both ingress and egress
Service Frames.
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10.3.1 Color ldentifier Based on EVC

[R104] When the Color Identifiels based on EVC, all Service Frames mapped to the
EVC MUST have the same Color.

10.3.2 Color Identifier Based on CE-VLAN Tag DEI

[R105] When the @lor Identifier is based o€E-VLAN Tag DEI, the Color fora
TaggedService Fram®dUST be Green if DEI = 0 and Yellow if DEI =1.

10.3.3 Color Identifier Based on CE-VLAN CoS

When the Color Identifier is based on BE-VLAN CoS, eachCE-VLAN CoS value maps to a
single Color.

[R106] When the Color Identifier is based on t6&-VLAN CoS, the CE-VLAN
CoSMUST determine the Color of the Service Frame.

[R107] When the Color Identifier is based on {GE-VLAN CoS, each possibl€E-
VLAN CoS valueMUST map to exactly one Color.

[R107] means that the sets GE-VLAN CoS values that map to each Color are disjoint sets and
the union of these setstlse set ofll possible CEVLAN CoS values.

Table18 shows an example of Color Identifiers basedc&VLAN CoS for EVC 1 at the UNI.
In this example, an ingress Tagged Service Frame @EHVLAN CoS = 2 has the ColoYel-
low. Table19 shows an example of Color Identifiers basedd@VLAN CoS for EVC 2 at the
UNI. These examples illustrate that the Color Identifiers can be @fiffdor different EVCs at
the UNI.

CE-VLAN CoS Values| Color
0,2 Yellow
1,3,4,5,6,7 Green

Table 187 CE-VLAN CoS Color Identifier Example for EVC 1 at the UNI

CE-VLAN CoS Values| Color
0,2,4,6 Yellow
1,3,5,7 Green

Table 197 CE-VLAN CoS Color Identifier Example for EVC 2 at the UNI

Note that Table 4 in MEF 23[R2] combines the mappings for Color Identifiemsd Class of
Service Identifiers into a single tableable20 contains the mappings from Table 4 of MEF 23.1
[22] andit is easy to see hoWable18is constructed frortable20.
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CE-VLAN CoS Value | Color | CoS Label
0 Yellow L
1 Green L
2 Yellow M
3 Green M
4 Green | Discard
5 Green H
6 Green | Discard
7 Green | Discard

Table 207 Combined Mappings Consistent with Table 4 in MEF 23.122]

10.3.4 Color Identifier Based on Internet Protocol

When the Color Identifier is based on Internet Protocol, the Color Identifier is determined from
the DSCP for a Service Frame carrying an IPv4 pemkan IPv6 packet.

[R108] When the Color Identifier is based on Internet Protocol, each possible DSCP
value MUST map to exactly one Color fdbataService Frames carrying an
IPv4 packet.

[R109] When the Color Identifier is based on Internet Protocol, each po&xHi4
valueMUST map to exactly one Color fddataService Frames carrying an
IPv6 packet.

[R110] When the Color Identifier is based on Internet Protocol, all Service Frames
mapped to the given EVC that do not contain either an IPv4 or an IPv6 packet
MUST have a ©lor that is agreed upon by the Subscriber and the Service
Provider.

Per[R103], when the Color Identifier is based on Internet Protocol, all Service Frames mapped
to the given EVC that do not contain either an IPv4 or an IPv6 packet have the Color Green.

Table21 shows an example of using Color Identifier based onnetdProtocol. In this example
a Service Frame carrying an IPv4 packet with DSCIwould have the Color Yellow. Biilar-
ly, aService Frame carrying an IPv6 packet ié8CP= 14 would have the ColoYellow. Note
that the mappings ifiable21 are consistent with the mapping in Taldl of MEF 23.1[22]

IPv4 DSCP Values| IPv6 DSCPValues | Color
0,12,14,28,30 0,12,14,28,30 Yellow
All other values All other values Green

Table 217 Internet Protocol Color Identifier Example

Table22 shows an example where only IPv4 is supported. In this example, the Color for a Ser-
vice Frame not carrying an IPv4 or IPv6 packet is GreenfR&10]. In other words, a Service
Frame carrying an IPv6 packet is treatsda Service Frame not carrying I®v4 packetConse-

MEF 10.3 © TheMEF Forum 2013Any reproduction of this document, or any portion thereof, shall contain the follo Page63
statement: "Reproduced with permission of MEF Forum."No user of this document is authorized to mod
any of the information contained herein.



M E F Ethernet Services Attributes Phase 3

qguently, if only Service Frames carrying IPv4 are recognized as carrying IP (IPv6 is not recog-
nized), the mapping imable22is achieved.

IPv4 DSCP Values| IPv6 DSCP Values| Color
0,12,14,28,30 Yellow
All other values All values Green

Table 227 IPv4 Only Color Identifier Example

An analogous approach can be used for the case where only IPVv6 is supported.

10.3.5 Color Identifier Constraints

The basis for the Color Identifier for an EVC at a given UNI is constrained by the following re-
guirements.

[R111] When the Class of Service Identifier is based on the Priority Code Point Field
(see Sectiori0.2.1.2 for a given EVC at a given UNI, the Color Identifier
MUST be based on either the DEI or the Priority Code Point Field.

[R112] When the Class of Service Identifier is based on Internet Protas®ISsc-
tion 10.2.1.3 for a given EVC at a given UNI, the Color IdentifldtUST be
based on Internet Protocol.

10.4 Egress Equivalence Class Identifier Service Attribute

Each egress Service Frame mapped to the given EVC has a single Egress Equivalence Class
Identifier. The Egress Equivalence Class Identifier can be determined from inspection of the con-
tent of the egress Service Franigach Egress Equivalence Class ldéstiimaps to a single

Egress Equivalence Clasbhe Egress Equivalence Clags used to specify Egress Bandwidth
Profiles as described in Sectid@

[O6] At a given UNI, the Egress Equivalen€dassldentifiers for egress Service
Frames mapped to one EMIAY be different than the Egress Equivalence
Class Identifies for egress Service Framempped to a different EVC.

1041 Egress Equivalence Class Identifier for Data Service Frames

[R113] A given EVC at a given UNMUST use the method described in exactly one
of the Sectiond40.4.1.1or 10.4.1.2to determine th&gress Equivalencglass
from the content oData Service Frames.

[R113] means that a given EVC at a given UNI either uses the methb@l 4nl.1 or uses the
method in10.4.1.2 Different EVCs at the same UNI can use different methods. Also, different
methods can be used by the same EVC at different UNIs.
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10.4.1.1 Egress Equivalence Class Identifier Based on CE-VLAN CoS

[R114] When the Egress Equivalence Class ldentifier is based oCHEéLAN
CoS the CEVLAN CoS MUST determine th&gress Equivalence Class

[R115] When the Egress Equivalence Class ldentifier is based oCHEéLAN
CoS eachCE-VLAN CoS valueMUST map toexactly one Egress Equiva-
lence Class.

[R115] means that the sets GE-VLAN CoS values that each map to a different Egress Equiva-
lence Class ardisjoint sets and the union of all such sets is the set of all posbl@ AN
CoSvalues.[R115] also means that ea@gressService Frame has a single Egresgiizalence
Class that applies to it.

[R116] When theEgressEquivalence Class Identifier is based on @E&VLAN
CoS the EgressEquivalence Class for akgressUntagged Data Service
Frames mapped to the given EWGJST be agreed to by the Subscriber and
Service Provider.

[D4] When theEgress Equivalenc€lass of Service ldentifier is based on G
VLAN CoS, theEgress Equivalenc€lass foregresduntagged Data Service
Frames mapped to the given EVC (§e&16]) SHOULD bethe samdegress
EquivalenceClass as that fornraegressTagged Data Service Frame witHe-
VLAN CoS=0.

10.4.1.2 Egress Equivalence Class Identifier Based on Internet Protocol

When the Egress Equivalence Class ldentifier is based on Internet Protocol, the Egress Equiva-

lence Class ldentifier determined fronthe DSCP for a Data Service Frame carrying an kitv4
an IPv6packet

[R117] When the Egress Equivalence Class ldentifieraisebl on Internet Protocol,
each possible DSCP valldUST map toexactly one Egress Equivalence
Class for egress Data Service Frames carrying an IPv4 packet.

[R118] When the Egress Equivalence Class ldentifier is based on Internet Protocol,
each possibldSCP value MUST map toexactly one Egress Equivalence
Class for egress Data Service Frames carrying an IPv6 packet.

[R119] When the Egress Equivalence Class ldentifier is based on Internet Protocol,
all egress Data Service Frames mapped to the given EVC that dontainc
either an IPv4 or an IPv6 packetUST havean Egress Equivalence Class
thatis agreed upon by the Subscriber and the Service Provider.

Table23 shows an examelof using Egress Equivalence Class Identifier based on Internet Pro-
tocol. In this example an egress Data Service Frame carrying an IPv4 packet with DSCP = 37
would be in Egress Equivalence Cl&sphomoreSimilarly, an egress Data Service Frame car-
rying an IPv6 packet with DSCP = 37 would be in Egress Equivalence Stgg®moreln this
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example Senior can only apply to egress Data Service Frames carrying an IPv4 padkatoand
can only apply to egress Data Service Frames carrying an IPv6 packet.

IPv4 DSCP Values| IPv6 DSCP Values| Egress Equivalence Clas

11,37,45 11,37,45 Sophomore
8,10,12 Senior
38,213 Junior

All other values All other values Freshman

Table 237 Internet Protocol Egress Equivalence Clasklentifier Example for an EVC at
the UNI

Table 24 shows an example where only IPv4 is supported. In this exampl&gtiess Equiva-
lence Clasdor egress Data Service Frames not carrying an IP packBaggage"per [R119].
This fact and the last row means thBafjgage applies to anyegressData Service Frae not
carrying an IPv4 packet.

IPv4 DSCP Values| IPv6 DSCP Values| Egress Equivalence Clas
11,37,45 First
8,10,12 Business
All other values Economy
All values Baggage

Table 247 IPv4 Only Egress EquivalenceClassldentifier Example for an EVC at the UNI

An analogous approach can be used for the case where only IPv6 is supported.

10.4.2 Egress Equivalence Class Identifier for Layer 2 Control Protocol Service
Frames

Irrespective of which approach is used to determine thiedsg=quivalence Class Identifier for
egress Data Service Frames for the EVC as detailed in Setfiohd.1land10.4.1.2 a list of

Layer 2 Control Protocols can be specified with each entry in the list being an Egress Equiva-
lence Class ldentifier. The entries in this list are referred to as the L2CP Egress Equivalence
Class Identifier.

Note that[O6] means that the L2CEgress Equivalenc€lass ldentifies can be different for
different EVCs that associate a given UNI.

[R120] If the Layer 2 Control Protocol carried by an egress Layer 2 Control Protocol
Service Fram& is contained in the L2CP Egress Equivalence Class Identifi-
ers, then the Egress Equivalence Class for this frsdkST be the matching
entry in L2CP Egress Equivalence Claderitifiers.

22 The method by which the type of Layer 2 Control Protocol is determined is beyorubpieeos this document.
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[R121] If the Layer 2 Control Protocol carried by an egress Layer 2 Control Protocol
Service Fram@ is not contained in the L2CP Egress Equivalence Qthss
tifiers, then the Egress Equivalence Class for this frfa&T be determined
as if it was an egress Data Service Frame per Sebbidnl

10.4.3 Egress Equivalence Class Identifier for SOAM Service Frames

[R122] For a given EVC at a given UNI, the basis for the Egress Equivalence ldenti-
fier for egress SOAM Service FramBBJST be the same as that for egress
Data Service Frames.

[R123] For a given EVC at a given UNI, the mapping fr&gress Equivalence Class
Identifier to Egress Equivalence Class for egress SOAM Service Frames
MUST be the same as that for egress Data Service Frames.

10.5 Ingress Bandwidth Profile per EVC Service Attribute

[R124] For an Ingress Bandwidth Profile per EV& single Bandwidth Profile Flow
based on criterio of [R134] for this EVC MUST be contained in an Enve-
lope that contains only Bandwidth Profile Flows based on crite2icof
[R134]. (See Sectiori2.1for the definitions oBandwidth Profile Flowand
Envelope)

Thus, if a UNI has 3 Ethernet Virtual Contieas, there couldne Envelope containing three
Bandwidth Profile Flows, one for each EVID. such a case, each set of parameters for a Band-
width Profile Flow described in Sectidi?.1would be associated with a different EVC at the
UNI.

When an Envelope contains a single Bandwidth Profile Flased on criterio of [R134] and
both CIR’, and EIR;_, are sufficiently largethen the behavior is exactly that betper EVC

Ingress Bandwidth Profile described in MEF 1[12]. (See Sectioi2.2)

Figure 24 illustrates an example of the applicationlnfiress Bandwidth Profileper EVC. In
this example, EVE corresponds t@andwidth Profile Flowl with CIR' =CIR._, =15Mbps,

EVC; corresponds t@andwidth Profile Flow2 with CIR* = CIR?, =10Mbps, and EVG cor-

responds tdBandwidth Profile Flow3 with CIR® =CIR?,, =20Mbps. The superscripts on the

parameters correspond to the rank within the Envelope. The values for the remaining parameters
are not addressed in order to keep the example simple.
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Figure 247 Ingress Bardwidth Profile per EVC

10.6 Ingress Bandwidth Profile per Class of Service ldentifier Service Attribute

[R125] For an Ingress Bandwidth Profile per Class of Service Identifiesingle
Bandwidth Profile Flow based on criteri@of [R134] for the Class of Ser-
vice Name mapped to lijais Class of Service IdentifiédUST be contained
in an Envelope that contains only Bandwidth Profile Flows based on criterion
3 of [R134]. (See Sectioi2.1for the definitions oBandwidth Profile Flow
and Envelope.)

Class of Service ldentifigs describedn Section10.2

When an Envelope contains a single Bandwidth Profile Flased on criterioB of [R134] and
both CIR,,, and EIR._, are sufficiently largethen the behavior is exactly that of the per Class

of Service Identifier Ingress Bandwidth Profile described in MEF lIbR (See Sectioi2.2)

In contrast, an example of multiple Bandwidth Profile Flows in an Envelope is shawgure

25. In this example, there are thr€dass of Service Namesgithin EVC,, eachcorresponding to

a different Bandwidth Profile FlowThe Envelope in this example contains these tBaed-

width Profile Flows. In such a case, the three sets of parameters, one for each of the three Band-
width Profile Flows described in Sectid2.1would be associated with E\@t the UNI.
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CE-VLAN C0S0,1,23 () BWP Flow 1 T
EVC, (( cEVLANCoS 45 () BWP Flow 2 Envelope
CEVIANCoS67 () BWPFlow3 |

Figure 2571 Ingress Bandwidth Profile perClass of Service Identifier

[D5] When there are multiple CoS Names supported on an EVC, Ingress Band-
width Profile per Class of Service ldentif@HOULD be used

10.7 Egress Bandwidth Profile per EVC Service Attribute

[R126] For an Egress Bandwidth Profile per EV& single Bandwidth Profile Flow
based on criteriod of [R134] for this EVCMUST be contained in an Enve-
lope that contains only Bandwidth Profile Flowsased on criteriord of
[R134] (See Sectiori2.1for the definitions oBandwidth Profile Flowand
Envelope.)

When an Envelope contains a single Bandwidth Profile Flaged on criteriob of [R134] and
both CIR'_ and EIR;_, are sufficiently largethen the behavior is exactly that of the per EVC

Egress Bandwidth Profile described in MEF 1[1.3]. (See Sectioi2.2)

10.8 Egress Bandwidth Profile per Egress Equivalence Class Identifier Service
Attribute

[R127] For an Egress Bandwidth Profile peEgress Equivalenc€lass a single
Bandwidth Profile Flow based on criteriérof [R134]for the Egress Equiva-
lenceClass mapped to by thisgress Equivalenc€lassldentifier MUST be
contained in an Envelope that contains only Bandwidth Profile Flows based
on criterion6 of [R134]. (See Sectiori2.1for the definitions oBandwidth
Profile Flowand Envelope.)

When an Envelope contains a single Bandwidth Profile Flow of egress Service Frames with a
single Egress Equivalence Cladsoth CIR._ and EIR}_ are sufficiently largeandthe set of

egress Service Frames with this Egress Equivalence Class is identical to the set of egress Service
Frames with a single Class of Service Nathen the behavior is exactly that of the per Class of

Service Identifier Egress Bandwidth Profile described in MEF IBP For example, suppose
that:

1 The Egress Equivalence Class Identifier is base@ramity Code Point Field,
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1 PCP values 0 andith the CEVLAN CoS map to Egress Equivalence Class A,
An Egress Bandwidth Profile Flow is specified Egress Equivalence Class A
This Bandwidth Profile Flows in an Envelope by itself

The Class of Service Identifier is based on Priority Code Point, Eattl

= =2 =4 -

PCP values 0 and ibh the CEVLAN CoS map to Class of Service Name Plati-
num

For the same traffic stream at the egress Nk EgressBandwidthProfile per Egress Equiva-
lence Class Identifier has identical behavior to that oBfessBandwidth Profile per Class of
Service Identifier in MEF 10.p15].

As an example, consider an Egress UNI with two EVCs with each EVC ha®gge3s Equiva-
lence Classs. With this model, there can be up to six Egress Bandwidth Profiles.

10.9 Source MAC Address Limit Service Attribute
Source MAC Address Limit can be either Elsmbor Disabled.

This attribute limits the number of source MAC Addresses that can be used in ingress Service
Framesof all typesover a time intervalTwo independenparameters control the behavior of this
attribute:

1 N: A positive inegerand
1 ¢:Atime interval

This attribute operates by maintaining a listneiximumlength N of source MAC addresses
which are agedaut of the list if not seen iatimeinterval ¢ . If an ingress Service Frame arrives
with anew source MAC adtesswhen the list is fullthe Service Framis discarded.

In algorithmic terms, this can be stated as maintaining & listhere

L={(A.t)]i=12..q¢ N, A =unicastMACAddresst, =atimg}.

The t; in each(A,ti> is the most recent time that an ingress Service Frame arrived at the UNI
that was mapped to the EVC and contained the source MAC adiress

[R128] If Source MAC Address Limit is Enablethen for a sequenad ingress Ser-
vice Frames mapped to the EWth source MAC Addresse#, and arrival

times at the UNIt; for j=0.12,..., the framedMUST be discarded per the
logic of Figure26 where L = A at timet,,.
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ServiceFramewith sourceM ACAddressA arrivesat timet, (j 2 0)

l

Removeall (A t;)
fromL witht; ¢t - ¢

Thereexists(Aste) | L\ yes Replacd A, te) [ L
such that\ = A ] With<Aj,tj>

No

Discard the NO | < N YeS Add(A t;) toL
Service Frame J

Figure 261 Frame Discard for Source MAC Address Limit

Note that[R128] does not mandate a specific implementation inG&E&N. Any implementation
that yields the same behavior as thafmjure 26 meets the requirement. For example, an im-

plementation that removes a(rA,ti> from the list at timet =t, +7 yields the same Service
Frame discard behavior as thatragure 26.

10.10 Test MEG Service Attribute
Test MEG can be either Enabled or Disabled.

[R129] When the value of the Test MEG Service Attribute is Enabled, the CEN
MUST meet the madatory requirements in Section 7.5 of MEF.13{R5]
that apply to the Test MEG.

When the value of the Test MEG Service Attribute is Enabled, several parameéer vadd to
be determined as described in Section 7.5 of MEE [@B]. An Implementation Agreement can
specify such values.

10.11 Subscriber MEG MIP Service Attribute
The Subscriber MEG Mlean be either Enabled or Disabled.

[R130] When the value of th8ubscriber MEG MIFService Attribute is Enabled, the
CEN MUST instantiate a Subscriber Level MIP as described in MER 30
[25].
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When the value of th8ubscribeMEG MIP Service Attribute is Enabled, several parameter val-
ues need to be determined as described in MEE [26]. An Implementation Agreement can
specify such values.

11. Multiple EVC Related Performance Service Attributes

Section8.8 defines severdPerformance Metrgthat apply to a single EVC. In some situations it

is useful to specify performance involving more than one EVC. An example is where the Sub-
scriber is using one EVC as a backup for another EVC.

The SLS can include éhMultiple EVC Related?erformance Metridefined in the following
subsection.This Performance Metrieppliesto Qualified Service Frames as detailedRB81].

11.1 One-way Multiple EVC Group Availability

For a given Class d@erviceName Multiple EVC Group Availability performance is defined for
a collectionG :{SLSn} of two or more norempty setsS, of ordered UNI pairsuch that:

1 Each setS, consists of ordered UNI pairs that are associated by one &wWC

1 Two or moreEVCsareusedto specifyG .
The Multiple EVC Group Availabily performance metric depends on the following parameters:
T, atime interval,
Dt, a time interval smaller thah,

C, a frame loss ratio threshold,

== == =2 =2

K', a positive integerand
1 n, a positive integer.
The Multiple EVC Group Availability for the time intervédt is defined as

A (Dt)_ﬁllf SaGAg(Dt ,S)2 K

TOotherwise

where A¢(DX,S)= mln{A (o014, j)i S}. and AXW(Dt) is as defined in SectioB.8.4 In
words, A°(Dx, S) =1
wise A%(Dx, S)

when all ordered UNI pairs it have been experiencing low loss. Other-

0.
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[R131] The SLSMUST define the Onavay Multiple EVC Group Availability Per-

6100 .. v .
— Dt )if >0
formance Metric asAY =1 |\/\lr|Dtkai‘WrAs (O )it whereW, is the
| 100 otherwise
set of Dt time intervals contained if that don't intersect BMaintenance In-
tervalas defined in Sectio8.8.4

The Oneway Multiple EVC Group Availability Performance Metric can be viewed as the per-
centage of time that at IsaK S, 's are Available For example, consider two Poitat-Point

EVCs where one EVC associatdblla andUNIg and the other EVC associatgdlia andUNIc.
Let G={s.s}, K =1, S ={(UNI,,UNI,),(UNI,,UNI,)} and
S :{<UNIA,UNIC>,<UNIC,UNIA>}. Then AY represents the percentage of time tHalia has
good connectivity with at least one dNIg or UNIc.

The parametarof aOneway Multiple EVC GroupAvailability Performance Metric are given in
Table25. Note that there are constraints Bh, C andn per[R28], [R29], and[R30].

Parameter Description
T The time interval
S,...S, | Nonempty sibsets of the ordered UNI pabbased on two or more EVC

CoS_Name The Class of Servicdame

A time interval much smaller than

Unavailability frame loss ratio threshold

Minimum number ofS's that are to bAvailable

Number of consecutive small tinngtervals for assessing availability
Group Availability Performance Objective expressed as a percentag

F s | x[0|D|

Table 257 One-way Multiple EVC Group Availability Performance Parameters

[R132] GivenT, S,...,S,, CoS_NameDt, C, K, n, and @ , the SLSMUST de-
fine the Oneway Multiple EVC Group Availability Performance Objective as
being met if and only ifAY 2 A

[R133] Each S, that is based on a Rootddultipoint EVC MUST be anonempty

subset of the ordered pairs of UNIs in the E\8Qch that all atered pas
contain at least one UNI thaas theRootRole

12. Bandwidth Profile at the UNI

A Bandwidth Profile is a characterization of the lengths and arrival times for Service Frames at a
UNI.
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There are two types of Bandwidth Profikn Ingress Bandwidth Profilesiused to regulate the
amount of ingress traffic at a particular UNI, while an Egress Bandwidth Profile is used to regu-
late the amount of egress traffic at a particular UNie Ingress Bandwidth Profile is described

in Section12.3 The Egress Bandwidth Profile is described in Sedd

Typically a Bandwidth Profilelefines Service Frame traffic that is less than the full bandwidth
of the UNI.

Bandwidth Profiles are associated with the UNI. This allows different Bandwidth Profiles at each
UNI in an EVC. For example, on a Multipoitg-Multipoint EVC, a different Bandwith Profile
could apply at each UNI in the EVC.

The Bandwidth Profile defines the set of traffic parameters applicable to a sequence of Service
Frames. Associated with the Bandwidth Profilarsalgorithm to determine Service Frame com-
pliance with the spcified parametersn the case of an Ingress Bandwidth Profile, extorce-

ment is accomplished vidhe disposition of Service FrameRate enforcement for an Egress
Bandwidth Profile is a network design issue and beyond the scope of this document.

All Bandwidth Profiles in this Technical Specification are based on the parameters and algorithm
described in thi$ection.

A Bandwidth Profile is specified using the concept8ahdwidth Profile Flonand Envelope. A
Bandwidth Profile Flowis defined asa setof Service Frames arriving at a UNI that meet a spe-
cific criterion.

[R134] A Bandwidth Profile FlowMUST be specified using one of the following six
criteria:

1. All ingress Service Frames at the Uitlat arenot discarded per requirements
[R69], [R70], [R89], [R128], [D1], [D2], or any of the conditions specified per
[R16],

2. All ingress Service Frames at the UNI that are mapped to a givenaBd Ghat
are not discarded per requiremefiR69], [R70], [R89], [R128], [D1], [D2], or
any of the conditions specified gé&t16],

3. All ingress Service Frames at the UNI that have a gvierss of Servic&ane,
that map to a given EVCand that are not discarded per requirem¢RE9],
[R70], [R89], [R128], [D1], [D2], or any of the conditions specified J&16],

4, All egress Service Frames at thallJ
5. All egress Service Frames at the UNI that are mapped to a givendeéVC,
6. All egress Service Frames at the UNI that have a diagress Equivalence Class

andthatmap to a given EVC
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Note that in some cases the criteria in the above requirements can be equivalent, e.g.,Icriterion
and criterior2 are equivalent at a UNI with All to One Bundliigabledsince there is only one
EVC at the UNI and all Service Frames map tgdte Sectiof.13).

Note that criteridl, 2, and3 of [R134] mean thaingress Service Frames discarded per require-
ments[R69], [R70], [R89], [R128], [D1], [D2], or any of the conditions specified J&16] can-

not be in aBandwidth Profile Flownand thus they will not consume tokens in the Bandwidth Pro-
file Algorithm described in Sectioh?.1

An Envelope is a set of Bandwidth Profile Flow in which eactBandwidth Profile Flows as-
signed a unique rank betweeilldwest)andn (highest) n can be any positive integer.

[R135] All Bandwidth Profile Flove in an Envelop®UST satisfy the same criterion
in [R134].

One implication ofR135] is that theBandwidth Profile Flow in an Envelope are either all In-
gressBandwidth Profile Flow or all Egres8andwidth Profile Flow. When the Envelopeon-
tains Bandwidth Profile Flow meeting eithercriterion 1 or criterion4 of [R134], there is just
oneBandwidth Profile Flowin the Envelope.

Multiple Envelope containingBandwidth Profile Flows meetingcriterion 2 of [R134] can coe
exist at a UNI, each based on disjoint set of EVCs. Similarly multiple Envelop@sining
Bandwidth Profile Flows meetingcriterion5 of [R134] can coeexist at a UNI, each based on dis-
joint set ofEVCs.

Multiple EnvelopescontainingBandwidth Profile Flows meetingcriterion 3 of [R134] can coe
existat a UNIL Similarly multiple EnvelopesontainingBandwidth Profile Flows meetingcrite-
rion 6 of [R134] can ceexistat a UNI

[R136] EachBandwidth Profile Flowat a UNIMUST belong to exactly one Enve-
lope.

[R137] A Service Fram@MUST be mapped to at most oBandwidth Profile Flow

Note that a given Serviderame does not need to be mapped Baadwidth Profile FlowWhen

this is the case, it is said that the Service Frame is not subject to a Bandwidth Profile. When a
Service Frame is mapped t@andwidth Profile Flow[R136] and[R137] mean thathis Service

Frameis subject to exactly one Envelope and thus the BandviAdtfile algorithm offR155] is

applied to this Service Frame exactly once. As a consequence, each Service Frame mapped to a
Bandwidth Profile Flowhasexactly onecolor declaration.

12.1 Bandwidth Profile Parameters and Algorithm

The Bandwidth Profile algorithm can be configured such that bandwidth that is not used by one
Bandwidth Profile Flowcanbe reallocated to oth&andwidth Profile Flow in the sameEnve-

lope The significance of the rankg of theBandwidth Profile Flow is thatit controls howthe
algorithm reallocateunused bandwidth from a givdBandwidth Profile Flowto anotherBand-

width Profile Flow
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Each Envelope at a UNI haso parametes, the EnvelopelD and theEnvelope Coupling Flag
CP°.

[R138] The EnvelopdD MUST contain no more than 4sharacters
[R139] The EnvelopdD MUST be unique among all Envelop@s ata UNI.

[R140] The Envelope IDMUST be anonnull RFC 2579[10] DisplayString but not
contain the characters 0x00 through Ox1f.

[R141] CF° MUST have only one of two possible values, 0 or 1.

[R142] When oneBandwidth Profile Flowis mapped to an Envelop&F°® MUST
equal 0.

Note that the concatenation of the U and the Envelop#D is unigueamong all Envelopes
for the CEN.

The pararatersfor each Bandwidth Profile Flow of rank=1,2,...,n:

' Committed Information Rate per Bandwidth Profile Flow (CIR‘) expressed

as bits per second.his parametetimits the average rate in bifser secondof
Service Framethat will be declared Green by the Bandwidth Profile

[R143] CIR MUST be2 0.

1 Maximum Committed Information Rate per Bandwidth Profile Flow
(CIR,‘W) expressed as bits per secoiithis parameter limits the rate of tokens

added to the committed token bucket.
[R144] CIRﬁnaX MUST be2 0

1 Committed Burst Sizeper Bandwidth Profile Flow (CBS) expressed as bytes.

This parametelimits the maximum number of bytes available for a burst of Ser-
vice Frames sent at the UNihe ratethat will be declared Green by the Band-
width Profile

[R145] When CIR > 0, CBS MUST be greater than or equal to tleegestEVC
Maximum Service Frameize valueof the EVCs that Service Frames in the
Bandwidth Profile Floware mapped tdSee Sectio.9.

{1 Excess Information Rateper Bandwidth Profile Flow (EIR‘) expressed as bits

per secondThis parametelimits the average rate in bifser secondof Service
Frameghat will be declared Yellow by the Bandwidth Profile

[R146] EIR MUST bez 0.
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1 Maximum Excessinformation Rate per Bandwidth Profile Flow (EIR,‘W) ex-

pressed as bits per secoiithis parameter limits the rate of tokens added to the
excess token bucket.

[R147] EIR,_, MUST be2 0.

1 Excess Burst Sizeper Bandwidth Profile Flow (EBS) expressed as byteBhis

parametedimits the maximum number of bytes available for a burst of Service
Frames sent at the UNihe ratethat will be declared Yellow by the Bandwidth
Profile

[R148] When EIR' > 0, EBS MUST be greater than or equal to tleegestEVC
Maximum Service Frame&ize valueof the EVCs that Service Frames in the
Bandwidth Profile Floware mapped tdSee Sectio.9.

1 Coupling Flag per Bandwidth Profile Flow (CF‘). This parameterdetermines

whether or not overflow tokens not used for Service Frames declared Green can
be used as Yellow tokens

[R149] CF' MUST have only one of two possible values, 0 or 1.

[R150] If CF° =1 for an Envelope, the@F' MUST equal O for alBandwidth Pro-
file Flows mapped to the Envelope.

f Color Mode per Bandwidth Profile Flow (CMi).This parameterindicates

whether the coleaware or coloblind property is employed by the Bandwidth
Profile.

[R151]] CM'MUSThave only one of twdimadosiamide fca
awareo

1 Envelopeand Rank (ER') a pair <EnvelopéD, rank>. The EnvelopdD indi-

cates the Envelope that tBandwidth Profile Flowbelongs to and theanki is a
positive integer thaspecifies the rank of thBandwidth Profile Flowwithin the
Envelope.

[R152] The value of theankin ER' MUST be in the rangd,2,...,n wheren is the
number oBandwidth Profile Flow with the same Envelod® value.

[R153] The value of theankin ER° MUST NOT equal therank of any of the other
Bandwidth Profile Flow with the same EnvelopP value.
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Each Service Frame is classified to determine which, if Bnyglopeis applicable to the Ser-
vice Frame®* Operation of the Bandwidth Profile algorithm is governed by the parameters,

(CIR ,CIR,,,CBS,EIR,EIR,,,,EBS,CF',CM',ER)) for i=12,...n and CF°. The algo-

rithm declareseachService Frame to be compliant or rommpliant relative to the Bandwidth
Profile. The level of compliance is expressed as one of three colors, Green, Yellow,?dr Red

The Bandwidh Profile algorithm is said to be in colawvare moddor Bandwidth Profile Flow
when each Service Franme Bandwidth Profile Flowi that already has a level of compliance
(i.e., a color) associated withvia the Color Identifier (see Sectid®.3 has that colotaken
into account in determining the level of compliarmethe Bandwidth Profilealgorithm The
Bandwidth Profile algorithm is said to bedolor-blind modefor Bandwidth Profile Flow when
the color (if any) already associated with each Service FrafBandwidth Profile Flow is ig-
noredby the Bandwidth Profile Algorithm

[R154] A UNI MUST be able to suppodblor-blind modefor Bandwidth Profils.
[O7] A UNI MAY supportcolor-aware moddor Bandwidth Profiles

The color mode of operatioior Bandwidth Profile Flowi is determined using the parameter
CM'.

A token bucket model is used to describe the Bandwidth Profile beh&aohBandwidth Pro-

file Flow i has a committed token buckiiat can contain up teCBS tokens, and an excess to-
ken bucket that can contain up EBS tokens.Tokens for each bucket are sourced at a rate of
CIR' and EIR' respectively. Tokens that overflow each bucketa Bandwidth Profile Flow

may be made available to other buckets depending on the setting of the CouplingCHays (
and what other Bandwidth Profile Flows armeappedto the Envelope Tokens flowing into a
bucket are limited taCIR _ and EIR _ respectivelyEach Service Frame that mapsBand-

width Profile Flowi will be declared Green, Ylelw, or Red by the Bandwidth Profile algorithm,
depending on the arrival time of tBervice Framgthe Color of the Service Framéif any), and
the number of tokens in the committed and excess token bud¥kben aService Framdor
Bandwidth Profile Flowi is declared Green a number of tokens equal to the length c$¢nat
vice Framds removed from the committed bucket for tBaindwidth Profile FlowWhen aSer-
vice Framefor Bandwidth Profile Flowi is declared Yellow a number of tokens equal to the
length of thatService Framés removed from the excess bucket for tBahdwidth Profile Flow

To specify the Bandwidth Profile behavior, we define the following functions:

BL(t) and BL (t) represent the number of tokens in the committed and excess token buckets, re-
spectively, forBandwidth Profile Flow at timet, for i =1,2,...,n.

24 Recall that a Service Frame is defined as any Ethernet Frame transmitted across the UNI and thus a Layer 2 Con-
trol Protocol Ethernet frame is a Service Frame and thus can be subject to a Bandwidth Profile. Similarly SOAM
Service Fames can be subject to a Bandwidth Profile.

25 The categorization of a Service Frame does not imply any change to the content of the frame. Certain approaches
to network i mplementation may fAmar ko f r amessopeohthiser nal
Technical Specification.
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Ti(t,.t,) and Ti(t,,t,) represent the maximum numbef tokens that might be added to the
committed and excess token buckets, respectivelyB&mdwidth Profile Flow over the time
intervalt, to t,, for i =1,2,...,n.

A (t,,t,) and AiE(tl,tz) represent the number of tokens actually added to the committed and ex-

cess token buckets, respectively, Bandwidth Profile Flow over the time intervat, to t, for
i=12,...,n.

OL(t,,t,) and OL (tl,tz) represent the number of tokens that overflow the committed and excess

token buckets, respectively, f@andwidth Profile Flowi over the time intervak, to t, for
i=12,...,n.

S.(t,,t,) and S‘E(tl,tz) represent the number of tokens available to be shared to the committed
and excess token bucketsBdndwidth Profile Flowi - 1, respectivelyfrom Bandwidth Profile
Flow i over the time interval, to t, fori =2,...,n,n+1.

The maximum number of tokens that might be added to the committed token biidket, ),

includes tokens sourced at the Commitbefbrmation Rate CIR') over the time interval and
any tokens shared from the next higher rBakdwidth Profile FlowThe maximum number of

tokens that might be added to the excess token bufg@;,tz), includes tokens swced at the
Excess Information RateH|R') over the time interval, any tokens shared from the higher rank
Bandwidth Profile Flowand any overflow tokens from the committed token bucket that are al-

lowed by the Coupling FlagQF'). Note thatfor the committed token buckeédandwidth Profile
Flow n has no tokens shared from a higher rank since there @amwidth Profile Flows with

a rank higher than. Therefore ST™(t,,t,) = 0. For the excess token bucket there are no tokens

shared from a rank higher than n, however dependinG@hthere may be tokens shared from
the overflow of the committed token bucket at rankHereforeSt™(t,,t,) = CF°3 OL(t,.t,).

Ti(t,t,)= C:sR 3(t,- t,)+ St fori=12....n
Titt,) = ER0s 1, - )+ S, t,) + CF'3 OL(t,t,) for i =12,...n

8
Note thafR150] mandates thaCF" = 0 if CF° =1 in the equation foTE”(tl,tz).

The number of tokens actually added to the token bucket is some or altokéms available to
be added, limited by the maximum number of tokens allowed in the tmkeitet CBS and

EBS) and by the maximum rate at which tokens are allowed to be adiR{L( and EIR'_ ).
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ALt t,) = mim:e.Té(tl,tz),CBS' - B(‘;(tl),%3 (t, - tl)ﬁ for i =1,2,...,n
' y

AL(t,t,)= minfT;(tl,tz), EBS - BL(t,), E'Z*'“ax 3t - tl)ﬁ fori=12,...n
I y

The number of tokens that overflow each token bucket is the number of available tokens that are
not actually added to the token bucket.

OL(t,,t,) =T (t,,t,) - AL(t,,t,) for i =1,2,...,n

OL(t,t,)=Ti(t,t,)- Alt,t,) fori=12...n

The number of tokens available to be sharedh Bandwidth Profile Flowi to the next lower

rank Bandwidth Profile Flowi - 1, is the number of tokens that overflow the committed and ex-
cess token buckets and, in the case of the committed token bucket, are not made available to the
excess token bucket by the Coupling Flag' .

S (t,.t,) = (- CF)3 OL(t,t,) fori=23,...,n
S (t,t,)=0L(t,t,) fori=23...n

The Bandwidth Profile algorithrfor an Envelopés shown inFigure27. A visual representation
of the algorithm is presented in AppendixL

[R155] For an Envelope and of a sequence of Service Frames,
{t.1,i}i20t.,.2ti 1 {12..,n with arrival timesat the reference point
at timest, , lengths|,, and Bandwidth Profile Flow i, that are mapped to

the Envelopethe level of compliance assigned to each Service FMb8T
be defined according to the algorithmFRigure27 where BL(t,)=CBS and

BL(t,) = EBS .
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Figure 271 The Bandwidth Profile Algorithm for an Envelope

Note that this document does not mandate how the behavior specffiggiia27 is achieved by

the CEN. The network functionality could be distributed and configured in any way. Also note
that, since the algorithm assumes perfect time precision and zero time required for calculations, it
is impossibleto achieve the exact behavior describedrFigure 27. A practical implementation

needs to yield behavior "close" to the ideal behavior. Defining "close" is beyosdape of this
document.See AppendixC.3 for discussions of Bandwidth Profile implementation considera-
tions.

12.2 Bandwidth Profile without Sharing

The algorithm ofFigure 27 reduces to the Bandwidth Profile algorithm of Figure 13 of MEF
10.2 [15] when there ionly one Bandwidth Profile Flowmapped to an Envelopand both
CIR.,, and EIR;_, are sufficiently largeThe following derivation demonstrates this fact.

When , , and ,

and
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