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Abstract

This draft summari zes the existing I TUT SG 15 standards, (Layer O -
Layer 2) both technol ogy-specific and generic across these

t echnol ogi es, relevant to |l everaging OAMto support fault nmanagenent,
per formance nonitoring, and configuration managenent. Know edge from
this domain nmay be | everaged for the benefit of devel opi ng generic

| ayer i ndependent nanagenent for other |ayers.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engi neering
Task Force (I1ETF). Note that other groups may al so distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsoleted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on April 17, 2016.
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1. I nt roducti on

A conprehensi ve set of QOperations, Adm nistration, and Mi ntenance
(QAM capabilities is essential for supporting the critical network
operations of fault nmanagenent, performance nonitoring, and
configuration managenent. For this reason in the ITU T, Layer O -
Layer 2 technol ogi es have been designed with extensive OAM
capabilities (e.g., as specified in [ITUT G 709], [ITUT G 707],
[ITUT G 8012], etc.) Considerable effort has been expended to
establish a coherent approach to OAMthat allows nonitoring of the
status and perfornmance of (stacked) connections, including generic
| ayer independent principles and inter-layer interworking. Thus, the
OAM architecture used in transport networks has a comon behavi or
across all technol ogies and | ayer networks. This draft summari zes
| TUT Recommendati ons that specify the generic architecture,
principles, and nodels, both technol ogy specific and generic,

devel oped to support managenent of LO-L2 connections based upon a
uni fi ed and consi stent OAM view of multi-layer networks. It should
be noted that the OAM and managenent framework and requirenents for
MPLS- TP, which is L2.5, has al so been based upon these principles
(e.g., RFC 6371 [ RFC6371], RFC 5860 [RFC5860], RFC 5950 [ RFC5950],
and RFC 5951 [ RFC5951].

It is believed that the generic architecture, principles and nodels
specified in the material summarized herein may be | everaged in

consi derations of a common approach to OAM managenent for other |ayer
networks (e.g., Layer 3-Layer 7).

1.1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].

2. Term nol ogy

Anomal y: The smal | est di screpancy that can be observed between act ual
and desired characteristics of an item The occurrence of a single
anonmal y does not constitute an interruption in ability to performa
required function. Anonmalies are used as the input for the
Performance Mnitoring (PM process and for detection of defects
(from[ITU T _G 806], Section 3.7).

Def ect: The density of anonalies has reached a | evel where the
ability to performa required function has been interrupted. Defects
are used as input for performance nonitoring, the control of
consequent actions, and the determ nation of fault cause (from

[ TUT G 806], Section 3.24).
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Fault: A fault is the inability of a function to performa required
action. This does not include an inability due to preventive

mai nt enance, | ack of external resources, or planned actions (from
[ITU T_G 806], Section 3.26).

Fault cause: A single disturbance or fault may lead to the detection
of nmultiple defects. A fault cause is the result of a correlation
process that is intended to identify the defect that is
representative of the disturbance or fault that is causing the
problem (from[ITU- T_G 806], Section 3.27).

Failure: The fault cause persisted | ong enough to consider the
ability of an itemto performa required function to be term nated.
The item may be considered as failed; a fault has now been detected
(from[ITU- T _G 806], Section 3.25).

Equi pnrent Managenent Function (EMF): The managenent functions within
an NE (see [ITUT_G 7710]).

El ement Managenent System ( EVS)

Informati on Model (IM: An information nodel condenses donain

know edge and insights to provide a representation of its essenti al
concepts, structures, and interrelationships. It nodels managed
objects at a conceptual |evel, independent of any specific

i npl enentations or protocols used to transport the data.

Layer 0 - Layer 2: Refers to physical (photonic), physical

(electrical), and data link (e.g., Ethernet) transport technol ogy,

respectively.

Net wor k Managenment System ( NVbB)

Net wor k El enent ( NE)

QOperations, Adm nistration, and Mi ntenance (QAM

0 On-demand OAM - OAM actions that are initiated via manua
intervention for a limted tine to carry out diagnostics. On-
demand OAM can result in singular or periodic OAM actions during
the diagnostic tine interval.

o0 Proactive OAM - OAM actions that are carried on continuously to
permt tinely reporting of fault and/or performance status.
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3.

Net wor k Operation Supported by LO-L2 OAM

OAM nechani sns include the tools and utilities to plan, install,
noni t or and troubl eshoot a network layer. While the specific set of
OAM nechani sns in a | ayer depends upon the technol ogy (e.g.
[ITUT G 709] on OIN, [ITUT_G 707] on SDH, [ITU T_G 8013] on

Et hernet), they all support the same fault managenent, perfornmance
nmonitoring, and configurati on managenent operati ons and processes.
As noted previously, MPLS-TP OAM (e.g., [ITU T G 8113. 2], [RFC6424],
[ RFC6428], etc.) was al so designed to support LO-L2 operations and
processes. Sonme OAM functions are inplenented in hardware (data

pl ane i nherent, such as Tandem Connecti on Monitoring (TCM or
Performance Monitoring (PM), while other functions can be

i npl enented nostly in | ower software |ayers.

Faul t managenent includes defect detection, fault |ocalization, fault
reporting, and protection switching [ OTN Handbook, Chapter 3].

0 Defect detection: Failures affecting the transport of client
informati on are detected by continuous pro-active checking.
Persistent failures are considered to be service-affecting
defects. Detected defects are correlated with other detected
defects to find the nost probable cause of the failure and
consequent actions, such as protection switching, are taken.

o Fault localization: If the defect information is insufficient to
| ocate the failure, on-denmand OAM functi ons can be used to
deternmi ne the cause of the defect nore accurately.

o Fault reporting: Persistent defects are reported to the network
managenent systemto provide the appropriate alarmreports to
mai nt enance staff for maintaining the desired quality of service
| evel .

o Protection switching: After a defect has been detected, a
protection switch can be initiated as a consequent action to
restore the interrupted traffic, and thus inprove the
availability.

Perf ormance nonitoring includes nmeasuring the performance (e.qg.,
packet | osses, bit errors, etc.) of the transport of client
information in order to verify the quality of service and to estimate
the transport integrity.

Configuration managenment includes indicating the operational state of
a connection; e.g., whether it can be used to transport client data
or whether the set-up of the connection is conpleted.
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4.

LO-L2 Architecture and Managenent Standards
Figure 1 belowis a sunmary of rel evant technol ogy specific and
generic LO-L2 transport architecture and managenent standards.
U O U +
| Transport | Transport Technol ogy Specific |
|  Tech. |-----mmmm e e +
| Generic | OIN | Carrier | MPLS-TP | SDH |
| | | Ethernet | Note 2 | |
__________________________________________________________________ +
Transport | G800 | G872 | G8010 | G8110.1 | G 803
Architecture | G805 | | | | |
__________________________________________________________________ +
Equi pnent | G806 | G798 | G8021 | G8121.x | G 783 |
Functi on | | | | series | |
__________________________________________________________________ +
Managenent | G7710| G874 | G8051 | G 8151 | G 784
Requi r emrent | | | | | |
__________________________________________________________________ +
Mgnt Interface | | | | | G774
| Protocol -neutral| G 7711 | G874.1 | G 8052 | G 8152 | series]
I nfo Mbdel | | | | | Note 1]
__________________________________________________________________ +

Note 1: The nodel had been specified, but not in a protocol neutral

manner .

Note 2: MPLS-TP is actually L2.5; it is included as it falls

under the generic transport managenent unbrella (as per design).

Figure 1. LO-L2 Architecture and Managenent Standards

4.1. GCeneric Transport Layer and Technol ogy | ndependent Standards

4.1.1. GCeneric Transport Architecture

Recommendations [I TU-T_G 800] and [I TU-T_G 805] provide a technol ogy
i ndependent and nodel - based description of transport network
functionality. The first generic functional nodel based architecture
Reconmendati on was | TU-T G 805, which describes connection oriented
networks. | TU T G 800 was subsequently devel oped to provide a common
framework to descri be both connection-oriented and connectionl ess
networks. The descriptions are conpatible with those of the earlier
generic Recommendations (e.g., ITUT G 805). These standard nodel -
based approaches:
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o Enable the description of the generic characteristics of networks
using a comon | anguage at a | evel that transcends technol ogy and
physi cal architecture choices.

o Provide a view of functions or entities that may be distri buted
anong vari ous equi prment.

o Concurrently specify transport and nanagenment functionality.

These generic functional architectures of transport networks are the
basis for a harnoni zed set of functional architecture Recomendati ons
for specific transport |ayer network technol ogies that use circuit

swi tching or packet switching technology (e.g. [ITU T_G 803] for
SDH, [ITUT_G872] for OIN, [ITU T_G 8010] for Carrier Ethernet,
[ITUT G 8110.1] for MPLS-TP). These transport technol ogy specific
architecture Recommendations are used as the basis for a
correspondi ng set of Recommendations for equi pnent specifications,

i ncl udi ng OAM and nmanagenent .

4.1.2. GCeneric processing of transport equi pnent OAM functi ons

The devel oprment of the OAM architecture used by ITUT in transport
networ ks started around 1990, and basic generic OAM functions were
first defined in the period 1990-1993 and described in Recommendati on
[ITUT_ G806]. Since that tinme, this initial OAM architecture has
been extended to assure it remains generic wth respect to energing
transport technol ogies. The extended OAM functionality included the
definition of a transport maintenance entity with end-points and

i nter medi at e-points, pro-active and on-demand OAM functi ons, defect
correlation, and al arm suppression, etc. The generic QAM
architecture in ITUT G 806 has been used as the conmon basis for al
t echnol ogy-speci fic transport equi pnment specifications (e.qg.,
[ITTUT G 783] for SDH, [ITU T _G 798] for OIN, [ITU T_G 8021] for
Carrier Ethernet, and also [ITU T _G 8121] for MPLS-TP).

4.1.3. GCeneric nmanagenent requirenents

Recommendation [I TUT_G 7710] specifies the equi pment managenent
function (EMF) requirenents that are common to nmultiple transport

t echnol ogi es and conmon to packet-based and circuit-based transport
networks. The Recommendati on addresses the EMF inside a transport
network el enment, including the configuration, fault, and performance
(i.e. the C, F, P of FCAPS) managenent functions. The generic
managenent requirenents in I TUT G 7710 have been used as the conmon
basis for all technol ogy-specific transport managenent specifications
(e.g., [ITUT G 784] for SDH, [ITU T_G 874] for OIN, [ITU T_G 8051]
for Carrier Ethernet, and [ITU T _G 8151] for MPLS-TP
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4.1.4. GCeneric information nodel of transport network resources

| TUT Recommendation [ITU T G 7711] and ONF Conmon | nformati on Mode
(ONF-CIM (see [ONF_Liaison]) specify a core information nodel
[I-D.lamtopol ogy] for transport resources. The nodel is also
applicable to the managenent and control of the transport network
regardl ess of the technol ogy of the underlying transport networKk.
Furthernore, the applicability of the information nodel is

i ndependent of the choice of protocol to be used in the managenent
and control interfaces. The core information nodel defined in this
Reconmendati on can be used as the basis for the extension of
transport/control -technol ogy-specific information nodels. Such
extension wll be specified in the technol ogy-specific
Reconmendati ons, such as [ITU T G 774] series for SDH
[ITUT G 874.1] for OIN managenent, [ITU-T_G 8052] for Carrier

Et her net managenent, [ITU- T_G 8152] for MPLS-TP nanagenent, and
[ITUT G 7718.1] for ASON control plane managenent.

4.2. Layer and Technol ogy Specific Standards
4.2.1. Architecture

Recommendations [ITU T G 803] and [ITU T _G 872] describe respectively
the functionality of the SDH and optical transport networks (OTN), LO
and L1, froma network | evel perspective using the generic principles
defined in ITUT G805 and ITUT G800. ITUT G803 and ITUT G 872
descri be the specific aspects concerning the SDH and opti cal

transport network | ayered structure, characteristic informtion,
client/server |ayer associations, network topol ogy, and | ayer network
functionality. |In accordance with ITUT G 805 and ITU- T G 800, the
optical transport network is deconposed into independent transport

| ayer networ ks where each | ayer network can be separately partitioned
in a way which reflects the internal structure of that |ayer network.
In addition to reflecting the generic fault, configuration, and

perf ormance managenent requirenents, it describes requirenents for
connection supervision (e.g., continuity, connectivity, required

mai nt enance information), signal quality supervision, adaptation
managenent, etc.) and connection supervision techniques (i.e.,

i nherent, non-intrusive, intrusive, and sublayer nonitoring).

Recomendation [I TU-T_G 8010] describes the functional architecture
of L2 Ethernet networks using the nodelling methodol ogy described in
ITUT G800 and ITU-T G 805. The Ethernet network functionality is
descri bed froma network | evel viewpoint, taking into account an

Et hernet network | ayered structure, client characteristic
information, client/server |ayer associations, networking topol ogy,
and | ayer network functionality providing Ethernet signal

transm ssion, multiplexing, routing, supervision, performance
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assessnment, and network survivability. Recommendation ITU T G 8010/
Y. 1306 describes the relevant parts of the Ethernet specifications in
[EEE _802.1Q and [l EEE 802.3] using the ITUT transport network
nodel | i ng met hodol ogy. The ETH | ayer network provides the transport
of adapted information through an ETH connectionl ess trail between
ETH access points. The adapted information is a (non-) continuous

fl ow of MAC service data units (I EEE 802. 3).

Reconmmendation [I TU-T_G 8110.1] provides functional conponents, based
on Recommendation ITU T G 805, that allow the Milti Protocol Labe
Switching Transport Profile (MPLS-TP) to be nodeled in a way that is
consistent with the description of other transport technol ogies
defined by the ITUT to sinplify integration with other transport
technologies. It provides a representation of the MPLS-TP technol ogy
usi ng the nethodol ogi es that have been used for other transport
technol ogies (e.g., SDH, OIN and Ethernet). In G 8110.1, the
architecture of MPLS-TP forwardi ng, CGAM and network survivability
are nodel ed froma network-Ievel viewoint.

4.2.2. Transport Equi prent Functions

Reconmendations [ITU T G 783] and [I TU-T_G 798] specify both the
conponents and the nethodol ogy that should be used in order to
specify the respective SDH and OTN functionality of network el enents.
Thi s Recommendati ons uses the specification nmethodol ogy defined in
[ITUT G 806], in general for transport network equi pnent, and is
based on the architecture of SDH transport networks defined in
[ITUT G 783] and optical transport networks defined in [ITU T_G 872]
and the interfaces for SDH transport networks defined in

[ITUT_G 707] and optical transport networks defined in
[ITUOT G 709]. The description is generic and no particul ar physica
partitioning of functions is inplied. The input/output information
fl ows associated with the functional bl ocks serve for defining the
functions of the bl ocks and are considered to be conceptual, not
physical. They al so provi des processes for SDH OAM based on I TU- T

G 707 and OTN OAM based on ITU-T G 709. The functionality defined in
this Recormendati on can be applied at user-to-network interfaces
(UNI's) and network node interfaces (NNIs) of the optical transport
net wor k.

Recomendation [I TU- T_G 8021] specifies both the functiona
conponents and the nethodol ogy that should be used in order to
specify the L2 Ethernet transport network functionality of network
el enents. This Recommendati on uses the specification nethodol ogy
defined in [ITUT G 806] in general for transport network equi prment
and is based on the architecture of Ethernet |ayer networks defined
in [ITUT_G 8010], the interfaces for Ethernet transport networks
defined in [ITUT G 8012], and in support of services defined in the
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I TUT G 8011. x series of Recommendations. It also provides processes
for Ethernet OAM based on [ITU-T_G 8013]. The description is generic
and no particul ar physical partitioning of functions is inplied. The
i nput/output information flows associated with the functional bl ocks
serve to define the functions of the bl ocks and are considered to be
conceptual, not physical. The functionality defined in this
Reconmendati on can be applied at user-to-network interfaces (UN s)
and network-to-network interfaces (NNIs) of the Ethernet transport
net wor k.

Recomendation [I TU- T_G 8121] specifies both the functiona

conponents and the nethodol ogy that should be used in order to
specify the nmulti-protocol |abel sw tching transport profile (MPLS-
TP) layer network functionality of network elenments. This
Reconmendati on provides a representation of MPLS-TP technol ogy which
uses the nethodol ogi es that have been used for other transport
technologies (e.g., optical transport network (OIN) and Ethernet).

It al so provides generic processes for MPLS-TP CAM It specifies a
library of basic building blocks and a set of rules by which they may
be conmbined in order to describe digital transm ssion equi pnment. The
library conprises the functional building blocks needed to specify
conpletely the generic functional structure of the MPLS-TP | ayer

net wor k.

4.2.3. Transport managenent requirenents

Reconmmendation [I TU-T_G 874] addresses nmanagenent aspects of LO and
L1 optical transport network el ements containing transport functions
of one or nore |ayer networks of the optical transport network (OTN).
It is based on the architecture of optical transport networks defi ned
in [ITUT_G872], the interfaces for OTN networks defined in
[ITUT G 709], and the OTN equi prent function description defined in
[ITUT G 798]. The nanagenent functions for fault nmnanagenent,
configuration managenent, and perfornmance managenent are specified.
Ceneric requirenents in ITUT G 7710/ Y.1701 that are applicable to
OTN are identified in ITUT G874 via pointer references to ITUT

G 7710/ Y.1701. OIN-specific requirenents explicitly specified

i ncl ude separation of managenent communi cation network and signaling
comuni cation network, OIN fault causes and failures, alarmreporting
control (ARC) setting, operational state, trail trace identifier
configuration, adaptation function configuration, connection function
configuration, tandem connection nonitoring control function
configuration, and the managenent of the performance primtives.

Reconmendation [I TU-T_G 8051] addresses nmanagenent aspects of the L2
Et hernet Transport capabl e network el enent containing transport
functions of one or nore of the | ayer networks of the Ethernet
transport network. The L2 Ethernet specific equi pnent functional
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bl ocks are defined in [ITUT_G 8021]. In this Recomendation, fault
managenent, configuration nmanagenent, and perfornmance nmanagenent are
specified. Generic requirenments in ITUT G 7710/Y.1701 that are
applicable to Ethernet are identified in ITUT G 8051/Y.1345 via
pointer references to ITUT G 7710/Y.1701. Ethernet-specific

requi renments explicitly specified include the managenent

conmuni cation channel, fault causes and failures, alarmreporting
control setting, operational state, flow term nation function
configuration, adaptation function configuration, connection function
configuration, diagnostic function configuration, traffic
condi ti oni ng and shapi ng function configuration, perfornmance
nmonitoring requirenents, and the managenent of the perfornmance
primtives.

Reconmmendation [I TUT_G 8151] addresses managenent aspects of the
MPLS Transport Profile (MPLS-TP) capable network el ement, which is
separable fromthat of its client |ayer networks so that the sane
means of managenent can be used regardless of the client. In this
Recommendati on, fault managenent, configuration nmanagenent, and

per f ormance managenent are specified. The generic requirenents for
managi ng transport network el enments are specified in [ITUT_G 7710]
and the requirenments for the nmanagenent of equi pment used in networks
supporting an MPLS Transport Profile (MPLS-TP) are specified in [IETF
RFC 5951]. This Recommendati on specifies the requirenents for
managi ng the MPLS-TP specific equi pnent functional blocks, which are
defined in [ITUT_G 8121].

4.2.4. Managenent | nformation Mdels

Recomendation [I TU-T_G 874. 1] provides a nmanagenent - protocol -neutra
i nformati on nodel for managi ng network elenents in the LO and L1
optical transport network (OIN) [ITUT G 872], [ITUT_G 709], and
[ITUT G 798] and supporting the nanagenent requirenents specified in
[ITUT G 7710] and [ITU-T G 874]. It identifies the nmanaged entities
requi red for the managenent of OIN network el enents, including

Term nation Points (TP), Tandem Connection Mnitoring (TCM, Non-
Intrusive Monitoring (NIM, Delay Measurenment (DM, and the genera
Performance Monitoring (PM Current Data (CD) and History Data (HD).
These entities are relevant to informati on exchanged across

st andar di zed managenent interfaces. The managenent - protocol - neutral

i nformati on nodel should be used as the base for defini ng nanagenent -
protocol -specific data schema. The specific mapping of the
managenent - prot ocol - neutral i nformation nodel into nanagenent -
protocol -specific data schema is the decision of the nmanagenent -
protocol -specific solution designer. The information nodel specified
in this Recomrendation allows for managi ng the OIN functi onal
capabilities of the NE
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Reconmendation [I TU-T_G 8052] provi des a managenent - protocol -neutra

i nformati on nodel for managi ng network elenents in the L2 Ethernet
transport network [ITU- T _G 8010], [ITUT_G 8012], and [I TU-T_G 8021]
and supporting the managenent requirenments specified in
[ITUT G 7710] and [ITU T G 8051]. It identifies the managed
entities required for the managenent of Ethernet transport network

el enents, including Term nation Points (TP), Mi ntenance Entity G oup
(MEG End Point (MEP), MEG Internediate Point (MP), Traffic

Condi tioning and Shaping (TCS), Loss Measurenent (LM, Delay
Measurenent (DM, and the general Performance Mnitoring (PM Current
Data (CD) and History Data (HD). These entities are relevant to

i nformati on exchanged across standardi zed nmanagenent interfaces. The
managemnent - prot ocol - neutral information nodel should be used as the
base for defining nmanagenent - protocol -specific data schema. The
speci fic mappi ng of the managenent-protocol -neutral information nodel
i nt o managenent - prot ocol -specific data schema is the decision of the
managenent - pr ot ocol -specific solution design. The informtion nodel
specified in this Recormendati on allows for managi ng the Ethernet
functional capabilities of the NE

It should al so be noted that [ MEF_7.2] specifies the EMS-NVS
interface profile needed to support Metro Ethernet services, which
provides the profile of managenent entities based on [ITU T_Q 840. 1]
and [I TU-T_G 8052] and a mapping to the TMF s MINM 3. 5] TMF_MINM

Et her net nodel .

Reconmendation [I TU-T_G 8152] provi des a managenent - protocol - neutra

i nformati on nodel for nanagi ng network el enents in the L2 MPLS TP
network [ITUT_G 8110.1], [ITUT G 8112], and [ITU- T_G 8121] series
and supporting the nmanagenent requirenents specified in
[ITUOT G 7710] and [ITU-T_G 8151]. It identifies the managed
entities required for the managenent of MPLS-TP network el enments,

i ncluding Term nation Points (TP), M ntenance Entity G oup (MEG End
Point (MEP), MEG Internediate Point (MP), Loss Measurenent (LM,
Del ay Measurenent (DM, and the general Performance Mnitoring (PM
Current Data (CD) and History Data (HD). These entities are rel evant
to informati on exchanged across standardi zed managenent interfaces.
The managenent - prot ocol -neutral information nodel should be used as

t he base for defining managenent - protocol -specific data schema. The
speci fic mappi ng of the managenent - protocol -neutral information nodel
i nt o managenent - prot ocol -specific data schema is the decision of the
managenent - pr ot ocol -specific solution design. The information nodel
specified in this Recomendati on allows for managi ng the MPLS-TP
functional capabilities of the NE
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5.

10.

10.

Di scussi on

This draft has provided an introduction to the significant body of
specifications developed in ITUT that detail the generic
architectural principles for OAMin (nmulti |ayer) transport networks.
It al so provides an introduction to the specifications that apply

t hose general principles in a consistent way to various |ayered
transport network technologies. It is anticipated that the generic
and | ayer specific OAM architecture and nmanagenent specifications
described in this draft will prove valuable in considerations of
generic unified approaches to OAM and managenent for additiona

mul til ayer networks.
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