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1 List of Contributing Members
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2 Abstract

This document specifies the Service Attributes tiesid tdoe agreed between a Service Provider
and a Subscriber for IP Servigaxluding IP VPNscloud accessandInternet acces§Some key
concepts arentroduced, including IP UNIs, IP Virtual Connections, IP Virtual Connection End
Points and IP UNI Accessiriks. Specific Service Attributes and corresponding behavioral re-
guirements are defad for each of these entitieBhese include support for assusstvices, e.g.
multiple Classes of Service, performance objectives specified in a Service Level Specification, and
Bandwidth Profiles.

! Private cloud access is deferred to a future revision of this document.
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3 Terminology and Abbreviations

This section defines the terms used in this document. In many cases, the normaiivenseio
terms are found in other documents. In these cases, the third column is used to provide the refer-

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

Note: Terms marked with&re adapted from terms in MEF2B], MEF 10.3[80], MEF 23.2[81]
and MEF 26.282], to ensure they apply generically to IP or Carrier Ethernet services.

Term

Definition

Reference

Bandwidth Profile

A specificationof the temporal properties of a sequer
of IP Packets at an Ehlong with rules for determining
the level of conformance to the specification for el&ch
Packetn the sequence.

This document

Bandwidth Profile
Envelope

A set of one or morBandwidth Profile Flow, and cor-
responding parameters, that are associated such tha
amount of traffic for one flow can affect the amount {|
is permitted for another flow.

This document

Bandwidth Profile
Flow

A stream of IP Paakts that meet certain criteria.

This document

BWP Envelope

Bandwidth Profile Envelope

This document

BWP Flow

Bandwidth Profile Flow

This document

CE

Customer Edge

RFC 436435]

Class of Service
Name

An administrative name assigned to a particular set
performance objectiveand relate@andwidthProfiles
that appilesto traffic mapped to the Class of Service
Name.

This document

Cloud Provider

A person, organization or entity responsible for mgki
cloud services available to Subscribers

MEF 47[84]

CoS Name

Class of Service Name

For the avoidance of doubt, note that in this docume
the term ACOSO doesriortpt
CodePoint (PCP)field.

This document

Customer Edge

Physical or VirtuaEquipment that is dedicated to a p
ticular Subscribeand is directlyadjacen{at Layer 3) to
one or more PE devices. The CE might or might not
managed by the Subscriber

Note: this specification uses the IETF definition of
Customer Edge that is comrn parlance in the con-
text of IP. With this definition, the CE is the equip-
ment that is directly adjacent (at Layer 3) to the PE,
regardless of who owns and manages it. This is d
ferent to the definition of Customer Edgeused in
other MEF specifications.

RFC 436435,
RFC 299[75]
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Term

Definition

Reference

Differentiated
ServicesField

In an IPPacket, the six most significant bits of the (fo
mer) IPv4 Type Of Service (TOS) octet or the (formg
IPv6 Traffic Class octet.

RFC 326024]

DNS Domain Name System RFC 10343]
Domain Name The system and infrastructure for mapping between| RFC 10343]
System addresses and domain names.

DS Field Differentiated Services Field RFC 326(24]

Egress IPPacket

An IP Packet transmitted towards the Subscriber at
UNI or towards another Operator at an ENNI.

This document

El

External Interface

This document

ENNI

External Network Network Interface

This document

External Network
Network Interface

Thedemarcation point marking the boundary of resp
sibility between two Operators whose networks are ¢
erated as separate administrative domains.

I n this document, AEXxte
faceo should be read as
NetworkIne r f ac e 0.

Thisdocument

External Interface

Either a UNI or an ENNI
I n this document, AExXt e
meaning fAlP External | n

This document

Ingress IP Packet

An IP Packet received from the Subscriber at a UNI
from arother Operator at an ENNI.

This document

Internet Protocol

A protocol for transmitting blocks of data from sourct
to destination hosts within an interconnected system
packetswitched computer communication networks.

RFC 791[1]

IP Internet Protocol RFC 791[1]

IP Attachment A means of connecting a CE and a PE at Layer 3, s|{ RFC 436435]
Circuit that they are Layer 3 peers (i.e. over a single IP.hop

IP Control An IP Packet traversing an El that is identified as be| This document

Protocol Packet

longing to acontrol protocolused between the Sub-
scriber and the SP or Operator (at a UNI) or betwee
two Operators (at an ENNJE.g.a routing protocol or
OAM protocol.

IP Data Packet

An IP Packet traversing an El that is not an IP Contr
ProtocolPacket.

This document

IP External Inter-
face

An EIl at which a IP Service is accessed.

This document

IP External
Network Network
Interface

An ENNI at which a IP Service is accessed.

This document

IP Operator An Operator for aIP Service This document
IP Packet Either an IPv4 Packet or an IPv6 Packet, from the stf RFC 791[1],
of the IP Version fieldo the end of the IP data field. | RFC 246(015]
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Term Definition Reference
IP Prefix A setof IP addressegontaining the contiguous rangeg] This document
of IP addresses whose initiabits all have the same
value, for some value @i Typically this is expressed
by giving the first address in the range and the valug
n(the Aprefix | engtho).
IP Service A connectivity service that carries IP Packets irrespgq This document
tive of the underlying Layer 2 technolggnd that is
specified using Service Attributes as defined in a ME
Specification.
IP Service A Service Providefor an IP Service. This document
Provider

IP Subscriber

A Subscriber of alP Service.

This document

IP Subscriber

A Subscriber Network that is an IP network connectg

This document

Network to the SP via IP UNIs.
IP UNI Access A UNI Access Link for a IP Sevice, i.e. asubnetwork | This document
Link corresponding to distinct IP subnethat forms part of

a UNI. The subnet might use both IPv4 and IPv6 ad
dressing.

IP User Network

A UNI at which an IP Service is accessed.

This document

Interface

IP Virtual An association of two or more IPVC EPs that limits t| This document
Connection exchange of IP Packets to IPVC HBsthe IPVC

IPv4 IP version 4 RFC 791]1]
IPv6 IP version 6 RFC 246(15]
IPVC IP Virtual Connection This document

IPVC End Point

A logical entity at a gign External Interface to which §
distinctsulset of IP Packets passing over that Extern
Interfaceis mapd.

This document

IPVC EP IPVC End Point This document
L1.. L7 Layerl.. 7 ISO OSI[86]
Layer1l.. 7 The layers of the ISO OSI model. ISO OSI[86]
Operator An organization with administrative control over a ng This document *

work, and which provides wholesaervices to other
Operators or to Service Providers.

I n this document readiaOmpeanin
Al P Operatoro.

Operator IPVC

An IPVC used to provide an Operator IP Service.

This document

Operator IP A wholesale IP Service that is provided by an Opera] This document
Service to another Operator or a Service Provider, between

more Els, specified using Service Attributes.
PE Provider Edge RFC 436435]
Performance One of a number of performanoelated properties of | This document
Metric an IPVC, that can be measured and for which object

can be specified in an SLS.
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Term

Definition

Reference

Provider Edge

Physial or Virtual Equipment that the SP is responsi
for, that can support multiple IP Services for differen
customers, and is directly adjacentl{aiyer 3) to one 0
more CE devices. The PE is logically part of the SP
Network and is managed by the SP.

RFC 4364[35],
RFC 299[75]

Service Attribute

Specific information agred between the provider and
the user of a service, as described in a MEF specifig
tion, that describes some aspect of the service beha

This document

Service Level
Agreement

The contract between the Subscriber and Service Pi
vider specifying the service level commitments and |
lated business agreements faeavice.

This document *

Service Level
Specification

The technical details of the service levalterms of
performance objectiveagreed between the Service
Provider andhe Subscriber as part of the SLA.

This document

Service Provider

An organization that providesrvices to Subscribers
I n this document, #ASeryv
meani iBgeriviRe Providero.

This document *

Service Provider
Network

An interconnected network used by the Service Proy
to provideservicesto one or moré&ubscribes.

This document

SLA Service Level Agreement This document
SLS Service Level Specification This document
SLSRP SLS Reference Point This document

SLS Reference
Point

A point from or to which performance objectives are
specified as part of an SLS; either an IPVC End Poit
a location specified in the SLS Service Attribute.

This document

SP

Service Provider

This document *

Subscriber

The enduser of aservice.
I n this document, ifSubs
ing Al P Subscribero.

This document *

Subscriber IPVC

An IPVC used to provide a Subscriber IP Service

This document

Subscriber IP

An IP Service that is provided by a Service Provider

This document

Service a Subscriber between two or more UNispetween

one or more UNIs and a cloud servispecified using

the Service Attributes described in this document.
Subscriber An interconnected network belonging to a given Subj This document
Network scriber, which is connected to the Service Provider &

one or more UNIs.
I n this document, ifSubs
as meaning Al P Subscrib

Traffic Class

An alternativeterm for Class of Service Name. In thig
document, Class of Service Name (CoS Name) is ug
For the avoidance of doubt, note that in this docume
the term ACo0oS0O does not
Code Point (PCP) field.

This document

UNI

User Netvork Interface

This document *
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Term

Definition

Reference

UNI Access Link

An individual connection between the Subscriber an
the SP that forms part of a UNI.

I n this document, i UNI
meaning Al P UNI Access

This document

User Network
Interface

The demarcation point between the responsibility of
Service Provider and the responsibility of the Sub-

scriber.

I n this document, fAUser

read as meaning Al P Use

This document *

Table 11 Terminology and Abbreviations
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4 Compliance Levels

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED ", "NOT RECOMMENDED ", "MAY ",
and 'OPTIONAL " in this document are to be interpreted as describ8€Ci 14 RFC 21198],
RFC 8174[74]) when, and only when, they appear in all capitals, as shown A#reey words
must be in bold text.

Items that areREQUIRED (contain the word$/UST or MUST NOT) are labeled afRx] for
required. Items that arRECOMMENDED (contain the wordSHOULD or SHOULD NOT)
are labeled afDx] for desirable. ltems that ar®©PTIONAL (contain the word$1AY or OP-
TIONAL ) are labeled afgOx] for optional

5 Numerical Prefix Conventions

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

Decimal Binary
Symbol | Value | Symbol | Value
K 10° Ki 210
M 10° Mi 220
G 10° Gi 2%
T 1012 | Ti 240
P 10%° Pi 2°0
E 108 Ei 260
Z 107t | zi 270
Y 1074 | i 280

Table 27 Numerical Prefix Conventions
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6 Introduction

IP Services have been widely deployed by Service Providers for many lyetrsn the fornof

the public Internet and in Virtual Private Networks (VPNsge IETF STD %77] and RFC 4364
[35]. However, there is no standard framework that specifies how such semeckscribed
from the perspective of the user of the servidéhile Internet access is ubiquitouisternet access
services rarely provide any levafl assured connectivity or performance. Even for VPN services,
each Service Provider specifies their services in a differentwithyrespect tderminology,clas-

ses of servigeservice level agreements, eteurthermore, SPs miglkbmbine their VPN geice

with other valueadded services (e.g., spam filtering), which can ncakeparisoreven more dif-
ficult, especially if such valuadded services are at a different OSI layer

For end users of IBervices, this makes selectingarviceProvider a very difficult task, as it is
often impossible to compare service offerings from different providers when they use different
terminology and specifications. Similarly, interactions between difféentice Providers, in

order to provide entb-end services across different geographies, for example, are extremely chal-
lenging. EaclServiceProviderhas tomake a bilateral agreement with e&perator thatt part-

neris with, andhas tomapits internal terminology and methodology to that of epattner.

All of this means that service definition and activation, especially across m@j@eators, is
extremely complex and consequently very hard to automate and orchestristeesults inlong
lead timesleading to lack of service and higher sdstr the Subscriber, and potential lost revenue
for the Service Provider

MEF has addressed similar issues for Ethernet services by creating a series of Carrier Ethernet
specifications that define standard terminology and standard attributes for degsCdiier
Ethernet services. From these specifications, information models, data models and APIs can be
createdvithin the MEF LSO reference architecture. This allows for much easier orchestration and
automation of Carrier Ethernet services. The sameoaph can also be applied for IP Services.

This documents the first MEF IP Servicespecification andspecifies Service Attributes for de-
scribingSubscribetP Services.This document is consistent with IETF STI7F].

MEF Subscriber IP Services are $rvices described using the Service Attributes specified in
this document. This includgsivate cloud accesiiternet accesseind managed VPN services. It
does not includénternetpeeringbetween ISPs

This document focuses on services for unicast traffic. Multicast tcaffilcibe covered in a future
revision.| Pv 4 , |l Pve and nAdual stacko services are

The servicattributes defined in this document can be used to support multiple redundant access
links that connect a given Subscrild&twork to the Service Provider. However, multiple redun-
dant access links that connect to different Service Providers, as plagt sdrhe IP Service, are
beyond the scope of this document. (A Subscitheof course connect a given network to two
different SPs bybtaininga separate IBervicefrom each of them).

The remainder of this document gives an overview of some key cen@egtion’), details of

routing and packet delivery in an IP Service (sed@pthe specification of the Service Attributes
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for MEF Subscriber IP Services (sectidhk 12), and details regarding Bandwidth Profiles (sec-
tion 13). Appendix Acompareshis document t&RFC8299[75]. Examples showing how to use
various Service Attributes ein Appendix BandAppendix G and a description of IP OAM Per-
formane Measurement mechanisms is giveAppendix D

In the main body of the documeniformative notes including on possible implementation
choicesare given irblue italictype.
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7 Key Concepts

This section explains some key concepts necessary for understanding IP Services.

7.1 Subscriber IP Services

A Subscriber IP Service imdP Service provided to an end user (the Subscriber) by a Service
Provider. There is naestriction on the type of orgamitzon thatcanact as a Subscriber; for ex-
ample, a Subscriber can be aliie operator, IT system integrator, governmdapartmentetc.

At its most basica Subscriber IP &vice provides connectivity for IP Packetsvioetn different
parts of tsmetwok(udnalcat differenpliysical locationsor between the Sub-
scri ber 0s anmeddrnahetwddk (such ds the publicterne).

An example of a Subscriber IP Service connegbiags of theSubscribed setwork at 3 different
locationsis shown inFigurel.

Subscriber
Branch Office

=
s Service Provider’s
— Network
-
Subscriber
Head Office

Subscriber
Branch Office

Figure 11 Subscriber IP Service connecting 3 Subscribdpcations

An example of a Subscriber IP Service connectingthmscriber to thénternetis shown inFigure
2.
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Internet

Service Provider’s
Network

Subscriber
Head Office

Figure 271 Subscriber IP Serviceproviding Internet access

Note that details regarding the interface between the SP and the Internet are outside the scope of
this document.

7.2 Service Attributes

MEF services are specified using Service Atitiéss. A Service Attribute capturegpscific infor-
mationthat isagreed between the provider and the userseface that describes some aspect of

the servicebehavior How such an agreement is reached is outside the scope of this document.
Some examplesf how agreement could be reactsd given below, but this is not an exhaustive
list.

1 The provider of the service mandates a particular value.

1 The user of the service selects from a set of options specified by the provider.

1 The user of the service requesatparticular value, and the provider indicates whether
theyaccepit.

1 The user and the provider of the service negotiate to reach a mutually acceptable value.

How the agreement is reached, and the specific salgreedmight have an impact on the peic
of the service or on other business or commessgkect of the relationship between the Sub-
scriber and the Service Providdris is outside the scope of this document.

MEF 61 © MEF Forum2018.Any reproduction of this document, or any portion thereof, shall contain the follo' Page]_]_
statement: "Reproduced with permissionMEF Forum."No user of this document is authem®d to modify
any of the information contained herein.



A

e IP Service Attributes for Subscriber IP Services

Service Attributes describe the externally visible behavior of the service; thegtdmnstrain
how the service is implemented by the Service Proymlehow the Subscriber implements their
network

Service Attributesor Subscriber IP Servicesecategorizeds follows:

1 SubscribetPVC Service Attributes (sectid®)

1 SubscribetPVC End Point Service Attributes (sectibf)
1 SubscribetUNI Service Attributes (sectiohl)

1 SubscribetNI Access Link Service Attributes (secti@g)

Note: UNIs and UNI Access Links are described in secti8nlPVCs and IPVC End Points are
descrbed in sectiorY.4.

Note: some Service Attributes might also apply to Operator IP Services; this document describes
the Service Attributes for Subscriber IP Sersioategorizeds above.

7.3 UNIs and UNI Access Links

A User Network Interface (UNI) is the demarcation point between the responsibility of the SP and
the responsibility of the Subscriber.

A Subscriber Network ian interconnectellP network belonging to arsjle Subscribeir different

parts of a Subscriber Netwocknbe connected to each other directly, or via a Subscriber IP Ser-
vice obtainedrom a Service ProviderA Subscriber Network is connected to the Service Provider
at one or more UNIs. A given UNBnN only connect one Subscriber Network to the SP

A given UNI consiss of one or more distindP links, each ofwhich isa single IP hop from a

service perspective (i.e., there is no intermediate router that processes the IP Packets traversing the
link). Each suchP link is known as a UNI Access Linkndis a subnetwork correspondingdo

distinct IP subnefwhich canhave both IPv4 and IPv6 addressin§pme examples &fNI Access

Links are as follows (this is nah exhaustivést):

1 adisting physical connection

1 alogicalLayer 2 connection (for example, an Ethernet VLAN with a given VLAN ID)
Such a_ayer 2 connection ight be over a single physical link, an aggregation of physi-
cal links (e.g. an Etherneirik AggregationGroup) or an entie Layer 2 network (e.g. an
Ethernet Switch or a Carrier EthernefAEcess service).

1 An IP tunnel(e.g. usingGRE) over another IP network (e.g. over the Internet). In this
case the UNI Access Link is the tunnel (which is a single IP hop), not the ungéily
network.

When a Subscriber Network is connectedrics®& Network by a number of UNI Access Links,

the Subscriber and SP need to agree how the UNI Access Links are grouped together to form UNIs
(via the UNI List of UNI Access Links Service Attribute, sectith3d. Each UNI Access Link
belongs to exactly one UNI.

MEF 61 © MEF Forum2018.Any reproduction of this document, or any portion thereof, shall contain the follo' Page12
statement: "Reproduced with permissionMEF Forum."No user of this document is authem®d to modify
any of the information contained herein.



A

e IP Service Attributes for Subscriber IP Services

This document does not constrain how UNI Access Links for a given Subscriber Network are
grouped into UNIs.Typically, UNI Access Links that terminate at the same physical location in
the Subscriber Network, and which have similar propenti¢srims of mtended use, are grouped

into a single UNI.UNI Access Links that terminate at a remote physical location in the Subscriber
Network, or which have a different intended use (such as for a backupiekypicallytreaed

as separate UNIs. Note that tteice of how UNI Access Links are assigned to UNIs can affect
how traffic is forwarded ovehem, as well as how assuranredated attributes such Baindwidth
Profiles and SLS performance objectives can be applied.

UNI Access Links in a given UNdtanbe connected to one or multiple devices at the Subscriber
and at the Service Provider. Some examples are shokigure31 other arrangements are also
possible Notethat hevariousexamples showcan have different pros and cons; this document
does not state a preference for any particular arrangement.
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Subscriber Single UNI
Network Access Link
UNI Access Links
S;bscribir terminatingon
etwor different devices
at the SP
UNI Access Links
Subscriber terminating on
Network different devices
at the SP and
Subscriber
UNI Access Links
Subscriber terminatingon
Network different devices
at the Subscriber
MmN |

- UNI Access Link

Figure 37 Examples ofUNI Access Linksin a Single UNI

Figure4 shows an example of a Subscriber, Bank of MEF, connecting to the SP in a variety of
ways at different locations where they have offices. At the San Francisco office, Bank of MEF
has thre@JNI Access Links. Two are grouped together in a single UNI, and these are used as the
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main connection to the SP and hence to the ot
London and Tokyo. The third UNI Access Link is assigned to a separatandNE used as a

backup link, i.e. traffic is only directed over this link when the main linkgtfsig can be achieved,

for example, by setting routing protocol metrics appropriatey the London office, there are

two UNI Access Links grouped in @&ngle UNI, and at the Tokyo office, there is a single UNI
Access Link. There is also a fibackdooro | ink
as a backup when the main connection from either of those offices to the SHliaileackdoor

link is not part of the IP Service provided by the SP, but is shown to illustrate that there are no
restrictions on how different parts of the Subscriber Network are connected to each other.

Bank of MEF
London Office

Service Provider’s

7] 11\

Bank of MEF Network /
San Francisco
Office
&§ / “Backdoor” Link
Bank of MEF
- UN Tokyo Office
| UNI Access Link

Figure 47 Example of UNIs and UNI Accesd.inks

It is possible for é&ubscribeito have multiple independent Subscriber Networks. In this case,
each Subscriber Network is connected to the Service Provider by distincfdith could share
the same physical interface), that are attachelistonct IPVCs (see section4).

As a UNI Access Link corresponds to a distilfielink, it is alsopossible for mltiple UNI Access

Links to traverse the same physical medium, regardless of whether they belong to the same or
different UNIs. For example, two UNI Access Links might be implemented as different VLANS
on the same physical Ethernet link.

These tw@oints are illustrated in the exante in AppendixB.1.
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7.4 IP Virtual Connections and IPVC End Points

An IP Service is formed of an IP Virtual Connection (IPVC) that links together IPVC End Points
at External Interfaces (Els). In the case of a Subscriber IP Service, the IPVC End Points are spe-
cifically at UNIs. An IPVC End PoinPVC EP)is a logical entity at an El, to whicnparticular

sulset of packetthat travers¢he Elis mapped. The partitar subset isdentified by fields in the

packet (typically the sourd® addressandbr destinationP address)Note that at a UNlanIPVC

EPis associated witthe UNI as a wholejot with a particular UNI Access Link in the UNI. The
subset of packstthat are mapped to #VC EPis therefore independent which UNI Access

Link in the UNIthe packets traverse. If it is desired to segregate traffic for different IPVCs on
differentUNI AccessLinks, then th&JNI Accesd.inks can be assigned to diféert UNIs.

If an IPVC has an IPVC EP at a givEh we say that th&l is attached to the IPVC.

A SubscribeldPVC restricts the transmission of packets across the Service Prblatieork to
only those IPVC EPs that belong to the IPVC.

Figure5 shows an example ahIPVC and IPVC EPs for a Subscriber:

Subscriber
Service Branch Office
Provider’s Network
-
-
g
_—
. IPVC
b
Subscriber
Head Office
Subscriber
Branch Office
(T T LTI UNI
(] IPVC End Point

Figure 517 Example of anIPVC and IPVC End Points

Figure6 shows a slightly more complex example with t&abscribedlPVCs. IPVC 1 connects
the head office to two branch offices, and a separate IPVC (IPVC 2) with a stricter SLS connects
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the head office to the data cent@he view ofthe UNI on the left showthe relationship of UNIs,

UNI Access Links, IPVGand IPVC ER. At this UNI, four UNI Accesd.inks are shown. Inde-
pendently each of the two IPVCs has an IPVC EP at the UNI. Packets that arrivargugnI|

Access Link are mapped & mostone of the IPVC EPslepending on their destination addresses

or other fieldsas described in secti@ Note that packets that are mapped to different IPVC EPs
might originate at the same device in the Subscriber Network, and hence have the same source IP
address.

] Subscriber
Service Branch Office
Provider’s Network
-
o
o
_—
oy
-
Subscriber
Head Office
Subscriber
Branch Office
T UN
@0 IPVCEnd Point Subscriber
- UNI Access Link Data Center

Figure 61 Relationship of UNIs and IPVC EPs

7.5 Subscriber-Managed and Provider-Managed CEs

Implementation of an IP Service typically involves onenore Customer Edge (CE) devices and

one or more Provider Edge (PE) devices for each SubscribeiTiése devicesanbe physical

or virtual. A physicalCE device is dedicated to a single Subscriber, and in mostardgesirries

traffic forone Subscribele t wor k and i s | ocat e dAviatual CEtHegiceSub s cr
performs the same robait might not be located at tBeu b s ¢ mprenises.AOPE devicegphys-

ical or virtual)normallycariest r af fi ¢ for mul tiple Subscribers
premises

Note: this specification uses the IETF definition o€CE that is common parlance in the context
of IP. With this definition, the CE is the equipment that is directlyadjacent (at Layer 3) to
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the PE, regardless of who owns and manages it. This is different to the definitiah Cus-
tomer Edgeused in other MEF pecifications.

There are two options for where the UNI and the CE device are placed with respect to each other.
In the first option @riginally defined in RFC 436435]), the CE devicés managed by the Sub-
scriber, and the PE device managed by the SP. In this case, the UNI (which is the demarcation
point of reponsibilities)is aligned withthe IP Attachment @cuits between the PE and the CE
eachlP Attachmat Circuit corresponds to a UNI Access LinK his arrangement is known as a
SubscribeimanagedCE.

In the second option, whidias also become popular, the SP manages the CE device (which is still
typically |l ocated at the Subscriberds premise
to the CE, or connects3 end devices to itdirectly or over an intervening L2 netwdf. In this

case, the UNI (the demarcation of responsibility) consistdNIf Access Linksbetween the CE

and t he Snettvawkoorendseatiods; thie Attachment @cuits between the CE and the

PE are part of the SR0 $hisarrangement & lknowneas avvovitter i n  t
managedCE.

These two options ardustrated inFigure?.

2l n this case the CE is often referred to as a fAimanaged
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Subscriber-managed CE

IP Attachment SP’s

Circuit
Network
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| UNI Access Link

Figure 71 Subscriber-managed and Preider-managedCEs
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Note thatthe location of the UNWith respect to the PE and CE deviceslifferent in the two
cases Also, in the Providemanaged case, the IP Attachment Circuit and the CE are internal to
the SP Network. In the Subscrib@managedase, the SP might still place some equipment at the
Subscriber premises, such as an L2 Network Interface Device (NID).

7.6 Service Assurance
ServiceAssurance is provided for MEServices via two mechanisms:

1 A Service Level SpecificatiofLS), which sets oyterformance objectivder the service.
Performance objectivesan be specified for a variety d®erformanceMetrics, such as
mean packet delay and packet loss ratio. Different objectives can be specified for different
classeof service See sectio®.9.

1 A set ofBandwidth Profils, whichspecily the amount of traffic that the SP will accept
each UN] andidentify how much ofthat traffic is subject to the Sk objectives. See
sectionl3.

The SLS is generally specified as part of a wider Service Level Agreement (SLA), wigich
specify financial penalties for the $Rhe SLS performancebjectives are not met, acdn also
specify other aspects of the service level experienced Sutbecriber such as the lead time for
service modifications or the response time for trouble tickets. Such details are outsid@¢he sco
of this document.

7.7 Virtual Private Network (VPN) Services

A Virtual Private Network service @btainedoy a Subscriber to connect together seveasts of
aSubscribpeNe t wor k, typically in different physical
This virtual network is also Apr i Meaorgdjs i n tF
segregated from other traffic, such as traffic for other Subssrdoea from traffic on the public
Internet. This segregation extends to the addressing: the Subscriber need only ensure that IP ad-
dresses are unique within their own VPN, and the segregation within thet®Brk ensures there

is no conflict with other Suderibers, even if they use the same addregs&ibscriber can obtain

several VPN services to connect different parts of the Subscriber Network together in different
ways(e.g. creating different topologies or with different bandwidth constraints afwrpance
objectives). This includesaccessing multiple VPNs over the same Ualthough m this case it's

the Subscriber's responsibility to ensure there is no conflict between the IP Addresses used in the
different VPNs.

VPNs are typically implemented the SP usin@GPMPLS as dscribed in IETF RFC 436{85] .
However, this document does not require BGPMPLS is usegany implementation thatxhib-
its the same external behavior to the Subscriber is acceptable.

Figure8 showsan example o¥PN services for two Subscribausing separat8ubscribetPVCs
across the SRetwork. i Bank of MEFO has two Subscriber I F
office to two branch offices and another connecting their head office to eetdén AMEF Prin
i ngd has one Subscriber | @®&WaGchofftamnecti ng their
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Figure 817 Example of Subscriber VPN services

Note that in this document\éPN is the same as a SubscribieyC, insofar adraffic separation
between different VPNs is required. However, imeacases the IRddresses used in diffamt
IPVCs are not independenffor example IPVCL and IPVC2 in Figure8 eachhave an IPVC EP
at the same UNI and therefore the IP addressed i these IPVCs have to c@ordinated

7.8 Extranet Services

Acommone nhancement to VPN Services is to add add
VPN and some external net work or host, for ex
monly known as afextraned. An exampleof this isto enable an enterprisedoc c e ss a suppl
ordering portal through their own VRIdsshown inFigure9b e | o w, wher eBarkn ent e

of MEFO needs to access drheordelMErPdntingarst,ali i n on
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