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Abst ract
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Status of This Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups nmay also distribute

wor ki ng documents 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 nay be updated, replaced, or obsol eted 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 June 13, 2016.
Copyright Notice

Copyright (c) 2015 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

This docunment is subject to BCP 78 and the I ETF Trust’s Legal
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents

Tayl or & Zhuang Expi res June 13, 2016 [ Page 1]



Internet-Draft

careful ly,

Applicability of LIME Base Mdel Decenber 2015

as they describe your rights and restrictions with respect

to this docunment. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD Li cense.

Tabl e of Contents

1.
2

3.

Tayl or

.1

.1

.1

I ntroduction . 3
Conventions Used In Th|s Docunent 3
Term nol ogy . . Coe e 3
Basi c Structure of GEnerlc YANG Nbdel for OAM . 4
Per f or mance Managenent Support . 6
Qui del i nes For Extending the LI ME Base Data Nbdel . 6
Extend configuration structure wi th technol ogy speC|f|c
paraneters e 7
4.1.1. Mintenance donaln (NC» at the root IeveI 8
4.1.2. Mintenance Association (MA) at the second IeveI . 9
4.1.3. Mintenance Association Endp0|nt (NEP) at the third
level . . . . . . . . 10
4.1.4. Session at the fourth Ievel . 0]
4.1.5. Interface at the fifth level . . .10
2. Extend RPC structure with technol ogy speC|f|c paraneters 10
3. Extend Notification structure with technology specific
paraneters . . e e 4
4. Define New RPCs and hbtlflcatlons .o S 4
Applicability of LIME Mddel to Various Technologles . 4
1. GCeneric YANG Model extension for IPOAM. . . . . . . . . 13
5.1.1. MD Configuration Extension . . . . . . . . . . . . . 13
5.1.2. MA Configuration Extension . . . . . . . . . . . . . 13
5.1.3. MEP Configuration Extension . . . . . . . . . . . . . 14
5.1.4. RPC Extension . . . v
5.1.5. Performance anltorlng ExtenS|on . . - . . . . . 15
2. Generic YANG Model extension for TRILL OAM .. . . . . . 16
5.2.1. MD Configuration Extension . . . . . . . . . . . . . 16
5.2.2. MA Configuration Extension . . . . . . . . . . . . . 16
5.2.3. MEP Configuration Extension . . . . . . . . . . . . . 17
5.2.4. RPC Extension . . P
5.2.5. Performance Nhnagenent (PN@ ExtenS|on X
5.2.6. Usage exanple . . . .. . . . .. 19
3. Generic YANG Model extension for NPLS OAM e . . . ... 23
5.3.1. MD Configuration Extension . . . . . . . . . . . . . 23
5.3.2. MA Configuration Extension . . . . . . . . . . . . . 24
5.3.3. MEP Configuration Extension . . . . . . . . . . . . . 25
5.3.4. RPC Extension . . 4 ¢)
5.3.5. Performance Nhnagenent Exten5|on e e . . ... . 26
5.3.6. Usage Exanple . . e £
4. Generic YANG Model extension for NPLS—TP cAaM ... ... 28
& Zhuang Expi res June 13, 2016 [ Page 2]



Internet-Draft Applicability of LIME Base Mdel Decenber 2015

5.4.1. MD Configuration Extension . . . . . . . . . . . . . 28
5.4.2. MA Configuration Extension . . . . . . . . . . . . . 29
5.4.3. MEP Configuration Extension . . . . . . . . . . . . . 30
5.4.4. RPC Extension . . . < 10]
5.4.5. Perfornmance anltorlng ExtenS|on .o e i
5.5. Generic YANG Model extension for NVO3 OAM B i
5.5.1. Technol ogy Type Extension . . . . . . . . . . . . . . 31
5.5.2. Sub Technol ogy Type Extension . . . . . . . . . . . . 32
5.5.3. MEP Configuration Extension . . . . . . . . . . . . . 32
5.5.4. Connectivity-Context Extension . . . . . . . . . . . 33
5.5.5. RPC Extension . . . . . . . . . . . . . . . . .. .. 33
5.5.6. ECWP Extension . . . . . . . . . . . . . . . . . . . 33
5.6. Ceneric YANG Moydel extension for BFD . . . . . . . . . . 34
5.6.1. MD Level configuration extension . . . . . . . . . . 34
5.6.2. MA configuration extension . . . . . . . . . . . . . 35
5.6.3. MEP configuration extension. . . . . . . . . . . . . 36

6. Open Issues . . e e e s 3T
7. Security Con3|derat|ons e e e ... ... ... .. . . . .. 38
8. | ANA Considerations . . . . . . . . . . . . . . . . . .. . . 38
9. Acknow edgements . . . . . . . . . . . . . . . . . . . . . . 38
10. References . . . R 1
10.1. Nornmative References P £
10.2. Informative References . . . e . . . . . . . . . 38
Appendi x A, Contributing Authors Infonat|on - 1]
Authors’ Addresses . . . . . . . . . . . . . . . .. ... M

1. Introduction

The Generic YANG [ RFC6020] over NETCONF [ RFC6241] data nodel for OAM
defined in [ GENYANGOAM, ains at providing consistent configuration
reporting and representati on of OAM nechani sns at any |ayer for any
t echnol ogy.

In this docunment, we discuss the applicability of the generic YANG
OAM nodel to various OAM technol ogi es and denonstrates that the YANG
nmodel (s) devel oped in the LIME WG are usabl e and extensible for those
technol ogi es. The denonstration uses |IP Ping, traceroute, BFD and
LSP Ping as specific exanples.

2. Conventions Used In This Docunent
Thi s docunent contains no nornmative | anguage.

2.1. Term nol ogy

MP Mai nt enance Point [l EEE802. 1Q .
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MEP Mai nt enance associ ati on End Point [RFC7174] [ EEE802.1Q
[ RFCB371] .

M P Mai ntenance donain I nternediate Point [RFC7174] [ EEE802. 1Q
[ RFC8371] .

MA Mai nt enance Association [| EEE802. 1 [ RFC7174].
MD Mai nt enance Domnai n [| EEE802. 1( .
OAM Qperations, Adm nistration, and M ntenance [ RFC6291].
TRILL Transparent Interconnection of Lots of Links [ RFC6325].
RPC Renpte Procedure Call[ RFC6020] .

3. Basic Structure of Generic YANG Mbdel for OAM

As the basis of this docunment, the generic YANG nodel for OAM
specified as the LI ME base nodel is shown in Figure 1.
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nodul e: ietf-gen-oam
+--rw domai ns
+--rw domai n* [technol ogy MD- name-string]

+--rw t echnol ogy i dentityref
+--rw MD-nane-string MD- nane- string
+--rw MAs
+--rw MA* [ MA- name- string]
+--rw MA-nane-string MA- nane-string

+--rw MEP* [ nep-nane]

| +--rw mep-nane MEP- name
| +--rw session* [session-cookie]

| ...

+-rw MP* [interface]

| +--rwinterface if:interface-ref
+--rw rel ated-oam | ayer* [of fset]

rpcs:
+---Xx continuity-check
[
+---x continuity-verification {connectivity-verification}?
| .

+---x pat h-di scovery
notifications:
+---n defect-condition-notification
Figure 1: Structure of the Ceneric LI ME Base Mdel

The generic YANG OAM nodel conprises three definitions for
configuration and operational state data:

o configuration nodel definition;

0 Renote procedure call (RPC) definition;

o and notification definition.

The configuration nodel definition provides hierarchical structure to
describe fault domain (i.e., maintenance domain), test point (i.e.,
mai nt enance point), technol ogy type, layering, and session context
for troubl e-shooting. This basic configuration nodel enables users

to select corresponding | ayers and nodes serving as anchor points to
define their specific technol ogy OAM YANG nodel s.
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The RPC definition provides uniformAPIs for comon OAM functi ons
such as continuity check, connectivity verification, path discovery,
performance neasurenent and their equivalents. These APIs are used
by the network nanagenment system (NMB) to control OAMtools and
functionalities on network el ements for neasuring and nonitoring the
data plane (e.g., LSP Ping, |P performance neasurenent protocol) and
troubl eshooting (e.g., fault localization). These OAMtools
activation can be pro-active and on-denmand.

The notification definition also provides a uniform APl to report
defects, faults, and network failures at different layers. This API
is used by network el enments to report to the network nmanagenent
system (NM5). The content of each notification includes the fault
domai n and the test point(s) that detected the fault and nmay generate
the error nmessage. This APl nust be activated proactively.

3.1. Perfornmance Managenent Support

To support OAM Performance Managenment, the generic YANG Data Mdel
for OAM needs to be extended by adding | oss and del ay measurenents
support with the foll owi ng nodel structure:

/* MEP Configuration extension */
augrment /goam domai ns/ goam domai n/ goam MAs/ goam MY goam MEP:
+--rw del ay- measur enent s?
augment /goam domai ns/ goam domai n/ goam MAs/ goam MY goam NEP:
+--rw | oss- neasurenent s?
/* New rpcs */
rpcs:
+---X create-|oss-neasurenent
| c.
+---x abort-Ioss-neasurenent
| c.
+---X create-del ay- neasur enent
[ .

+---x abort-del ay- measur enent

Both pro-active and on-demand | oss and del ay measurenent are
supported by augunent MEP configuration and RPCs with session type
paraneter. The details of Perfornmance nanagenent extension is
specified in the [I-D. wang-1ine-yang-pni

4. @uidelines For Extending the LI MVE Base Data Mdel
YANG al l ows a nodul e to reference external nodul es to reuse data

al ready defined in those nodules. Therefore a technol ogy-specific
nmodel can inport data definitions fromthe LI ME base nodel.
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The inport statements are used to make definitions avail abl e inside
ot her nodul es [ RFC6020]. Users who want to devel op a technol ogy-
speci fic OAM nodel should inport the ietf-gen-oam YANG nodel with the
foll owi ng statenents:

nodul e exanpl e-i et f-xxx-oam {
namespace "urn:foo: parans: xnl : ns:yang:ietf-xxx-oant;
prefix xxxoam

i mport ietf-gen-oam {
prefix goam

As described in Section 3, the LIME base nodel provides a

hi erarchi cal structure for configuration, notification and RPCs.
Each of these three aspects should be extended with technol ogy-
specific features and paraneters relating to each technol ogy of
i nterest.

YANG al l ows a nodule to insert additional nodes into data nodels,

i ncluding both the current nodule (and its subnodul es) or an externa
modul e. This is useful to let specific technol ogi es add specific
paraneters into the LI ME base nodel

Here we summarize four ways to extend the LI ME base nodel for
speci fic technol ogi es:

0 Extend structure for configuration with technol ogy specific
par ameters

0 Extend structure for notification with technol ogy specific
paraneters

0 Extend structure for RPC with technol ogy specific paraneters

o Define new RPCs and notifications in the technol ogy specific OAM
dat a nodel .

Extend configuration structure with technol ogy specific paraneters

As described in [ RFC6020], the "augnent" statenment defines the
I ocation in the data nodel hierarchy where new nodes are inserted

By using the "augnent" statenent, the hierarchy of configuration
structure can be extended with new data nodes that express
technol ogy-specific paraneters to neet the requirenents of the
respective technol ogi es. The technol ogy-specific nodel devel oper
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must take care to select the right layers and nodes in the
configuration structure as anchor points to insert these additional
dat a.

For exanpl e, assune a technol ogy- specific OAM YANG nodel A  An "a"
node needs to be inserted within the MA (Maintenance Associ ation):

augment /goam domai ns/ goam domai n/ goam MAs/ goam MA:
+--a? foo

Cor respondi ng YANG encodi ng:

augrment "/ goam donai ns/ goam donai n/ goam MAs/ goam MA" {
| eaf af
type foo
description
"foo";
}
}

There are the following five levels in the hierarchy of configuration
structure which we can choose as anchor point to insert additional
data definitions:

0 Maintenance donain (MD) at the root |evel;
0 Maintenance Association (MA) at the second |evel;

0 Maintenance Associ ati on Endpoi nt (MEP) and Mai ntenance Associ ation
Internediate point(MP) at the third | evel;

0 Session at the fourth | evel;
o Interface at the fifth |evel;
4.1.1. Mintenance donmain (MD) at the root |evel

At the Maintenance Domain | evel, domain data node at root |evel can
be augnented with technol ogy type. [CGENYANGOAM defines a new

gl obal I y uni que, abstract, and untyped "technol ogy-types" base
identity by using the "identity" statenent. "identity" and
"identityref" are used to lIdentify New Technol ogy Types. Each
technol ogy-specific nmodul e then can extend technology type in the
base nodel and specifies a corresponding concrete identity using this
base: ipv4, ipv6, trill, npls, etc.
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4.1.2. Mintenance Association (MA) at the second | evel

At the Mintenance Association |level, an MA data node can be
augnmented with connectivity context information. For exanple:

+--rw MAs
+--rw MA* [ MA- name-string]

+--rw (connectivity-context)?
| +--:(context-null)
| +--rw context-null? Enpty

Cor respondi ng YANG encodi ng:

choi ce connectivity-context ({
default "context-null";
case context-null {
description
"this is a place hol der when no context is needed";
| eaf context-null ({
type enpty;
description
"there is no context defined";
}
}

description
"connectivity context";
}

i etf-gen-oam YANG nodel users who want to define a specific OAM
technol ogy nodel can augnent the correspondi ng choi ce node by
defining a new case to carry technol ogy specific extensions.

For exanple, for a specific OAMtechnol ogy YANG nodel A, an "a" node
is needed to indicate the connectivity context for this specific OAM
technology. To achieve this, it is only necessary to augnment the
connectivity-context choice node in the ietf-gen-OAM YANG nodel by
defining a "connectivity-context-A" case as:
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augrment /goam domai ns/ goam dorai n/ goam MAs/ goam MA
/ goam connecti vity-cont ext:
+--:(connectivity-context-A)
+-a? foo

Cor respondi ng YANG encodi ng:
augrment "/ goam domai ns/ goam donmai n/ goam MAs/ goam MA"
+"/ goam connectivity-context" {
case connectivity-context-A {
| eaf af
type foo;}
}
}

In sone case when technology type in the Miintenance Donain |evel is
not sufficient to identify OQAMtechnol ogy with different

encapsul ati on nethod, MA data node can be further augnented with
technol ogy sub type (see an exanple in the section 5.5).

4.1.3. Mintenance Associ ation Endpoint (MEP) at the third |evel

At the Maintenance Association Endpoint |evel, a MEP data node can be
augrmented with connectivity-context information, ECWVP information and
session information respectively.

4.1.4. Session at the fourth | evel

At the session |level, Session data node can be augnented with
technol ogy specific informati on such as Session type, Session
interval,etc.

4.1.5. Interface at the fifth | evel

At the interface |evel under MEP/MP or under session, the interface
data node can be augnmented with technol ogy specific information such
as context information, interface type, disabl e/ enable button,etc.

4.2. Extend RPC structure with technol ogy specific parameters

[ GENYANGOAM defines rpc nodel which abstracts OAM specific conmands
in a technol ogy i ndependent manner. |In this RPC nodel, three generic
RPC commands are specified. By using the "augnment" statenent,the RPC
structure for each OAM command can be extended with new data nodes
that express technol ogy-specific OAM command paraneters to nmeet the
requirenents of the respective technol ogies. The technol ogy-specific
nmodel devel oper nust take care to select the right |ayers and nodes
in the RPC structure as anchor points to insert these additional
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data. There are two places which we can choose as anchor point to
insert additional data definitions:

0 |Input data node

I nput data node can be augnented with technol ogy type, sub-comand
type, session type and other technol ogy specific paraneters. Here is
an exanpl e of sub-command type

[ GENYANGOAM defines a "command-sub-type" abstract identity for

di fferent RPC commands, e.g., to distinguish the types of |IP ping

[ RFC792], LSP ping [RFC4379]. Use of this identity is optional for
nost cases.

The correspondi ng statenents are shown as bel ow.

i dentity command-sub-type {
description
"defines different rpc comand subtypes, e.g rfc792 IP
ping, rfc4379 LSP ping, this is
optional for nost cases”

}

identity icnp-rfc792 {
base conmand-sub-type
description
"Defines the command subtypes for | CVMPv4 ping”
reference "RFC 792";

}

identity icnp-rfc4443 {
base conmand- sub-type
description
"Defines the command subtypes for | CMPv6 ping"
reference "RFC 4443";

}

identity icnp-rfcd4379 {
base conmand- sub-type
description
"Defines the command subtypes for LSP ping"
ref erence "RFC 4379";

}

o Cutput data node

Simlarly, output data nod can be augnented with technol ogy specific
test results information collected by executi ng OAM comrand.
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4.3. Extend Notification structure with technol ogy specific paraneters

[ GENYANGOAM defines one notification nodel which abstracts defects
notification in a technol ogy i ndependent nanner. By using the
"augnent" statement,the notification structure can be extended with
new data nodes that express technol ogy-specific notification
paraneters to nmeet the requirenents of the respective technol ogies.
The t echnol ogy-specific nodel devel oper nust take care to select the
right layers and nodes in the notification structure as anchor points
to insert these additional data.

4.4, Define New RPCs and Notifications

The LI ME base nodel presents three basic RPCs: continuity check
connectivity verification and path di scovery. Technol ogy-specific
OAM nodel s can either extend the existing RPCs and notifications
defined in the LI ME base nodel or define new RPCs and notifications
if generic RPCs and notifications cannot be reused to neet their
requirenents.

For exanple, a Miulticast Tree Verification (MIV) [ TRI LLOAMYANG RPC
command is defined in the TRILL OAM nodel to verify connectivity as
wel |l as data-plane and control-plane integrity of TRILL nulticast
forwarding as foll ows:

RPCs:
+---Xx nmtv
+--ro input
| +--ro technol ogy i dentityref
| +--ro MD-name-string MD- nane- string
| +--ro MA-nane-string? MA- name- string

| ...
+--r0 out put
+--ro0 response* [nep-address nep-id]

+--ro hop-count? uint8
+--ro nep-id tril-rb-nickname
+--ro nep-address tril-rb-nicknane

5. Applicability of LIME Model to Various Technol ogi es

As nentioned above, the ietf-gen-oam nodel describes the abstract
common core configuration, statistics, RPCs, and notifications for
| ayer independent OAM managenent.

Fol I owi ng guidelines stated in Section 4, ietf-gen-oam YANG nodel

users can augnment this base nodel by defining and addi ng new data
nodes with technol ogy specific functions and paraneters into proper
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anchor points of the ietf-gen-oam nodel, so as to develop a
t echnol ogy- speci fi c OAM nodel

Wth these guidelines in hand, this section further denonstrates the
usability of the ietf-gen-oam YANG nodel to vari ous OAM t echnol ogi es.
Note that, in this section, we only present several snippets of
technol ogy-specific data nodel extensions for illustrative purposes.
The conpl ete nodel extensions should be worked on in respective

pr ot ocol wor ki ng groups.

5.1. GCeneric YANG Model extension for |P OAM
5.1.1. MD Configuration Extension

MD | evel configuration parameters are managenent information which
can be inherited in the TRILL OAM nodel and set by LI ME base nodel as
default values. For exanple donmain nanme can be set to area-ID in the
I P OAM case. |In addition, at the Miintenance Donain |evel, domain
data node at root |evel can be augnented with technol ogy type.

Note that MD | evel configuration paranmeters provi des context

i nformati on for nmanagenent systemto correlate faults, defects,
network failures with location infornmation, which hel ps quickly
identify root causes of network failures.MD | evel configuration
paraneters MJST not be carried using |P Ping and traceroute protoco
since P Ping and traceroute doesn't support transport of these
managenent i nformation.

5.1.1.1. Technol ogy Type Extension

The technol ogy types ipv4 and i pv6 have already been defined in the
LI ME base nodel. Therefore no technol ogy type extension is required
in the | P OAM nodel

5.1.2. MA Configuration Extension

MA | evel configuration paraneters are managenent information which
can be inherited in the P OAM nodel and set by LI ME base nodel as
default values. In addition, at the Mintenance Associ ati on( Md)

| evel, MA data node at the second | evel can be augnented with
connectivity-context extension

Note that MA | evel configuration paraneters provi des context

i nformati on for management systemto correlate faults, defects
network failures with location information, which hel ps quickly
identify root causes of network failures. MA | evel configuration
paraneters MJST not be carried using |P Ping and traceroute protoco
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since | P Ping and traceroute doesn't support transport of these
managenent i nformation.

5.1.2.1. Connectivity-Context Extension

In I P OAM one exanple of the connectivity-context is a 12 bit VLAN
ID. The LIME base nodel defines a placehol der for connectivity-
context. This allows other technologies to easily augnment it to

i ncl ude technol ogy specific extensions. The snippet bel ow depicts an
exanpl e of augnenting context-id to include VLAN ID.

augrment /goam domai ns/ goam donai n/ goam MAs/ goam MA
/ goam MEP/ goam connecti vity-cont ext:
+--:(context-id-vlan)
+--rw context-id-vlan? vl an
augnment /goam domai ns/ goam dorai n/ goam MAs/ goam MA goam MEP
/ goam sessi on/ goam connecti vity-cont ext:
+--:(context-id-vlan)
+--rw context-id-vlan? vl an

5.1.3. MEP Configuration Extension

MEP configuration in the LI ME base nodel already supports configuring
the interface on which the VEP is located with an | P address. There
is no additional MEP configuration extension needed for | P OAM

However, | P Ping, traceroute do not use the MEPID in their nessage
headers. Therefore it is inportant to have nethod to derive the
MEPID in an automatic manner with no user intervention.

5.1.3.1. ECWP extension

The flow entropy paraneter in the LI ME OAM configuration nodel is an
optional paraneter. Since standard |IP OAM protocols, e.g., |IP Ping
and Traceroute, don’t support ECMP path selection, the flow entropy
paraneter does not need to be supported in the | P OAM nodel .

5.1.4. RPC Ext ensi on

Technol ogy type in the RPC definition has already been defined in the
LI ME OAM base nodel. Therefore no technology type extension is
required in the RPC definition. For IP OAM |P Ping and IP
Traceroute RPCs need to be supported. For the |IP OAM nodel, the
continuity-check RPRC with I Pv4 or | Pv6 as technol ogy type can be
mapped to the IP Ping RPC, while the path-discovery RPC with | Pv4 or

I Pv6 as technol ogy type can be mapped to | P Traceroute.
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5.1.5. Performance Mnitoring Extension

Editor Note: |P performance neasurenment (IPPM and IP Ping and
Traceroute are discussed separately based on the [ RFC7276]
classification of OAM technol ogies. Although IPPMand |P OAM are
both applied to the I P network, based on Table 4 of [RFC7276], |IP OAM
does not support performance neasurement. It is necessary to use
OMMP and TWAMP, defined in IPPM for that purpose.

5.1.5.1. MEP PM Configuration Extension

To support | P performance neasurenent, MEP configuration in the LIME
base nodel can be extended with:

0 |l oss-stats-group: grouping object for |oss neasurenent session
statistics.

0 nmeasurenent-tining-group: grouping object used for proactive and
on-demand schedul i ng of PM neasurenent sessions.

0 del ay-neasurenent-configuration-group: grouping configuration
obj ect for the delay nmeasurenent function

0 del ay-neasurenent -stats-group: groupi ng object for del ay
measur enent session statistics.

0 | oss-neasurenent -configuration-group: grouping configuration
object for the | oss neasurenent function

0 | oss-neasurenent -stats-group: grouping object for | oss neasurenent
session statistics.

5.1.5. 2. RPC PM Ext ensi on

To support | P performance neasurenent, it is recommended that four
RPCs are defined in the | PPM nodel :

0 create-loss-nmeasurenent RPC:. allows scheduling of one-way or two-
way on-demand or proactive performance nonitoring | oss neasurenent
sessi ons.

0 abort-loss-neasurement RPC. allows aborting of currently running
or schedul ed | oss neasurenent session

0 create-del ay-nmeasurement RPC. al |l ows schedul i ng of one-way or two-

way on-demand or proactive performance nonitoring del ay
neasur ement sessi ons.
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0 abort-del ay-nmeasurenent RPC. allows aborting of currently running
or schedul ed del ay neasurenent sessions.

5.2. Ceneric YANG Model extension for TRILL OAM
5.2.1. MD Configuration Extension

MD | evel configuration paranmeters are managenent information which
can be inherited in the TRILL OAM nodel and set by LI ME base node

default values. For exanple donain name can be set to area-ID in the
TRILL OAM case. In addition, at the Mi ntenance Donmin | evel, donmain

data node at root |evel can be augnented with technol ogy type.

Note that MD | evel configuration paraneters provides context

i nformati on for managenment systemto correlate faults, defects,
network failures with location infornmation, which hel ps quickly
identify root causes of network failures.

5.2.1.1. Technol ogy Type Extension

No TRILL technol ogy type has been defined in the LI ME base nodel

Therefore a technol ogy type extension is required in the TRILL OAM
nodel . The technology type "trill" is defined as an identity that
augrments the base "technol ogy-types" defined in the LI ME base nodel :

identity trill{
base goamtechnol ogy-types;
description
"trill type";

}

5.2.2. MA Configuration Extension

MA | evel configuration paraneters are managenent information which
can be inherited in the TRILL OAM nodel and set by LI ME base nodel
default values. In addition, at the Mintenance Associ ati on( Md)

| evel, MA data node at the second | evel can be augnented with
connectivity-context extension.

Note that MA | evel configuration paranmeters provides context

i nformati on for nmanagenent systemto correlate faults, defects,
network failures with location information, which hel ps quickly
identify root causes of network failures.
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5.2.2.1. Connectivity-Context Extension

In TRILL CAM one exanpl e of connectivity-context is either a 12 bit

VLAN ID or a 24 bit Fine Grain Label. The LIME base npdel defines a
pl acehol der for context-id. This allows other technologies to easily
augrment that to include technol ogy specific extensions. The snippet

bel ow depi cts an exanpl e of augnenting connectivity-context to

i nclude either VLAN ID or Fine G ain Label

augnment /goam domai ns/ goam domai n/ goam MAs
/ goam MA / goam connecti vity-cont ext:
+--:(connectivity-context-vlan)
| +--rw connectivity-context-vlan? vl an
+--:(connectivity-context-fgl)
+--rw connectivity-context-fgl? f gl

augrment /goam domai ns/ goam dorai n/ goam MAs/ goam MA goam MEP
/ goam sessi on/ goam connecti vity-cont ext:
+--:(connectivity-context-vlan)
| +--rw connectivity-context-vlan? vl an
+--:(connectivity-context-fgl)
+--rw connectivity-context-fgl? f gl

5.2.3. MEP Configuration Extension

The MEP configuration definition in the LI ME base nodel already
supports configuring the interface of MEP with either MAC address or
I P address. In addition, the MEP address can be represented using a
2 octet RBridge Nicknanme in TRILL OAM. Hence, the TRILL OAM node
augrments the MEP configuration in base nodel to add a ni cknane case
into the MEP address choice node as foll ows:

augrment /goam domai ns/ goam domai n/ goam MAs
/ goam MY goam MEP/ goam nep- addr ess:
+--:( nep-address-trill)
| +--rw mep-address-trill? tril-rb-nicknane

In addition, at the Maintenance Associ ati on Endpoi nt (MEP) | evel, MEP
data node at the third | evel can be augnmented wi th ECMP extension

5.2.3.1. ECMP Extension
The flow entropy paraneter in the LI ME base nodel is an optiona
paraneter. Since TRILL supports ECWMP path selection, flowentropy in

TRILL is defined as a 96 octet field. The snippet belowillustrates
its extension.
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augrment /goam domai ns/ goam domai n/ goam MAs/ goam MA goam MEP
/ goam f | ow ent r opy:
+--:(flowentropy-trill)
+-rw flowentropy-trill? flowentropy-trill
augrment /goam domai ns/ goam dorai n/ goam MAs/ goam MA goam MEP
/ goam sessi on/ goam f | ow ent r opy:
+--:(flowentropy-trill)
+-rw flowentropy-trill? flowentropy-trill

5.2.4. RPC Extension

In the TRILL OAM YANG nodel, the continuity-check and path-di scovery
RPC commands are extended with TRILL specific requirements. The
sni ppet below illustrates the TRILL OAM RPC ext ensi on

augnment /goam conti nuity-check/ goam i nput:
+--ro (out-of-band)?
| +--:(ipva-address)

| | +--ro ipv4-address? i net:ipv4-address
| +--:(ipv6-address)

| | +--ro ipv6-address? i net:ipv6-address
| +--:(trill-nicknane)

| +--ro trill-nickname? tril-rb-nicknane

+--ro diagnostic-vlan? bool ean
augnent /goam conti nuity-check/goam i nput/goam fl ow entropy:

+--:(flowentropy-trill)

+--ro flowentropy-trill? flowentropy-trill

augrment /goam conti nuity-check/ goam out put:

+--ro upstreamrbridge? tril-rb-nicknane

+--ro next-hop-rbridge* tril-rb-nickname
augnent /goam pat h-di scovery/ goam i nput:

+--ro (out-of-band)?

| +--:(ipva-address)

| | +--ro ipv4-address? i net:ipv4-address
| +--:(ipv6-address)

| | +--ro ipv6-address? i net:ipv6-address
| +--:(trill-nicknane)

| +--ro trill-nickname? tril-rb-nicknane

+--ro diagnostic-vlan? bool ean
augnment /goam pat h-di scovery/ goam i nput/ goam f| ow entropy:
+-:(flowentropy-trill)
+--ro flowentropy-trill? flowentropy-trill
augment /goam pat h- di scovery/ goam out put/goam r esponse
+--ro upstreamrbridge? tril-rb-nicknane
+--ro0 next-hop-rbridge* tril-rb-nicknane
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5.

2

5. Performance Managenent (PM Extension

5.2.5.1. MEP PM Configuration Extension

To support performance neasurenment for TRILL, MEP configuration in
the LI ME base nodel can be extended with:

0 loss-stats-group: grouping statistics object for TRILL Loss
nmeasur enent sessi ons;

0 neasurenent-tining-group: grouping object used for proactive and
on-dermand schedul i ng of PM neasurenent sessions;

0 del ay-neasurenent-configuration-group: grouping configuration
object for TRILL del ay measurenent function

0 del ay-neasurenent-stats-group: grouping statistics object for
TRILL del ay measurement sessions.

5.2.5.2. RPC PM Ext ensi on

5.

2

To support performance neasurenent for TRILL, it is recommended that
four new RPCs are defined in the TRILL OAM PM nodel

0 create-loss-nmeasurenent RPC. allows scheduling of one-way or two-
way on-demand or proactive performance nonitoring | oss neasurenent
sessi ons.

0 abort-loss-neasurenment RPC. allows aborting of currently running
or schedul ed | oss neasurenent sessions.

0 create-del ay-nmeasurenment RPC. all ows schedul ing of one-way or two-
way on-demand or proactive performance nonitoring del ay
neasur enent sessi ons.

0 abort-del ay-nmeasurenent RPC. allows aborting of currently running
or schedul ed del ay neasurenent sessions.

6. Usage exanple

This part gives a sinple exanple of inplenenting the TRILL OAM node
onto network devices.

The scenario is shown in Figure 2, in which there are two conpani es:
A and B. Both have departnents in City 1 and City 2. Meanwhile,
different departnents within the sane conpany should be able to
comuni cate with each other. However, the comunication services of
these two conpani es shoul d be separated from each ot her
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To neet the requirenents above, two Ethernet Lease line, E-Line-1 and
E-Line-2, are set between NE1 and NE3: to isolate the comuni cation
traffic between two compani es. VLAN 100 associ ates port 3-EFF8-1 of
NE1 facing with conpany A while VLAN 200 associ ates port 3-EF8-2 of
NE1l facing with conpany B. For network maintenance, NE1, NE2 and NE3
are within a same nai ntenance donmain: MD1. Two nai ntenance
associ ati ons MAL and MA2 are configured and stand for E-Line-1 and
E-Line-2 under MDL. The MAC addresses of NE1, NE2, NE3 are MAC- FOOL,
MAC- FOO2, MAC- FOOB respectively.

oo + R + oo +
I I I I I I
| NEL +------- | NE2 |[------- + NE3 |
I I I I I I
AN — oo+ R + ey +
3- EFF8- 1] | 3- EFF8- 2 | |
I I I I
+- 4o+ +- -4+ +- 4o+ +- 4o+
I I I I
R R R R
A B B
aTYl CTY2

Figure 2: TRILL OAM scenario

5.2.6.1. TR LL OAM Extensi on

To fulfill the TRILL OAM configuration, the LME base nobdel should be
ext ended by augnmenting the connectivity-context and inserting a port
node in the MEP list. The snippet belowillustrates an exanpl e of
TRI LL OAM nodel extension

augrment /goam domai ns/ goam domai n/ goam MAs
/ goam MY goam MEP / goam nep- addr ess:
+--:( nep-address-trill)
| +--rw mep-address-trill? tril-rb-nicknane
augrment /goam domai ns/ goam domrai n/ goam MAs/ goam MA
/ goam connecti vity-cont ext:
+--:(connectivity-context-vl an)
| +--rw connectivity-context-vlan? vlan
+--:(connectivity-context-fgl)
+--rw connectivity-context-fgl? fgl

augment /goam domai ns/ goam domai n/ goam MAs/ goam MA goam MEP
/ goam sessi on/ goam connecti vity-cont ext:
+--:(connectivity-context-vlan)
| +--rw connectivity-context-vlan? vl an
+--:(connectivity-context-fgl)
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+--rw connectivity-context-fgl? fgl
augment /goam domai ns/ goam domai n/ goam MAs/ goam MA
/ goam MEP/ goam f | ow- ent r opy:
+-:(flowentropy-trill)
+-rw flowentropy-trill? flowentropy-trill
augrment /goam domai ns/ goam dorai n/ goam MAs/ goam MA goam MEP
/ goam sessi on/ goam f | ow ent r opy:
+--:(flowentropy-trill)
+-rw flowentropy-trill? flowentropy-trill
augnment /goam conti nuity-check/ goam i nput:
+--ro (out-of-band)?
| +--:(ipv4-address)

| | +--ro ipv4-address? i net:ipv4-address
| +--:(ipv6-address)

| | +--ro ipv6-address? i net:ipv6-address
| +--:(trill-nicknane)

| +--ro trill-nickname? tril-rb-nicknane

+--ro diagnostic-vlan? bool ean
augnent /goam conti nuity-check/ goam i nput/goam fl ow entropy:

+--:(flowentropy-trill)

+--ro flowentropy-trill? flowentropy-trill

augrment /goam conti nuity-check/ goam out put:

+--ro upstreamrbridge? tril-rb-nicknane

+--ro next-hop-rbridge* tril-rb-nickname
augnent /goam pat h-di scovery/ goam i nput:

+--ro (out-of-band)?

| +--:(ipva-address)

| | +--ro ipv4-address? i net:ipv4-address
| +--:(ipv6-address)

| | +--ro ipv6-address? i net:ipv6-address
| +--:(trill-nicknane)

| +--ro trill-nickname? tril-rb-nicknane

+--ro diagnostic-vlan? bool ean
augnment /goam pat h-di scovery/ goam i nput/ goam f | ow ent ropy:
+-:(flowentropy-trill)
+--ro flowentropy-trill? flowentropy-trill
augment /goam pat h- di scovery/ goam out put/ goam r esponse
+--ro upstreamrbridge? tril-rb-nicknane
+--ro0 next-hop-rbridge* tril-rb-nicknane

5.2.6.2. Correspondi ng XM. | nstance Exanple
Thi s section gives an exanple of the corresponding XM instance for
devices to inplement the exanple TRILL OAM data nodels in
Section 5.2.6.1.

<dommai ns>
<donmi ns>
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<t echnol ogy> et hernet </techonl ogy>
<MD- nane-string> MDL </ MD-name-string>
<MVAs>
<NVA>
<MA- nane- st ri ng>MAl</ MA- name- stri ng>
<connecti vi ty- cont ext >
<connectivity-cont ext-vl an>
100
</ connectivi ty-cont ext-vl an>
</ connecti vi ty-cont ext >
<NVEP>
<mep- nane>NEl</ nep- name>
<np- addr ess>
<mac- addr ess>
00- 1E-4C-84-22-F1
</ mac- addr ess>
</ np- addr ess>
</ MEP>
<MEP>

<mep- nane>NE3</ nep- nanme>
<port >3- EFF8- 1</ port >
<np- addr ess>
<mac- addr ess>
00- 1E-4C- 84- 22-F3
</ mac- addr ess>
</ np- addr ess>
</ MEP>
<M P>NE2</ M P>
</ NA>
<MA>
<MA- nane- st ri ng>MA2</ MA- name- stri ng>
<connecti vi ty- cont ext >
<connectivity-context-vl an>
200
</ connectivity-context-vl an>
</ connectivity-cont ext>
<MEP>
<mep- nane>NE1l</ nep- name>
<np- addr ess>
<mac- addr ess>
00- 1E-4C-84-22-F1
</ mac- addr ess>
</ np- addr ess>
</ MEP>
<NVEP>
<mep- nane>NE3</ nmep- name>
<np- addr ess>
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<nac- addr ess>
00- 1E-4C-84-22-F3
</ mac- addr ess>
</ np- addr ess>
</ NEP>
<M P>NE2</ M P>
</ MA>
</ MAs>
</ domai ns>
</ domai ns>

5.3. Ceneric YANG Model extension for MPLS OAM
5.3.1. MD Configuration Extension

MD | evel configuration paraneters are managenent information which
can be inherited in the MPLS OAM nodel and set by LIME base nodel as
default values. For exanple donmain nanme can be set to area-IDin the
MPLS OAM case. In addition, at the Mintenance Domain | evel, donmain
data node at root |evel can be augnmented with technol ogy type and
sub-t echnol ogy type.

Note that MD | evel configuration paranmeters provi des context
information for management systemto correlate faults, defects,
network failures with |location information, which hel ps quickly
identify root causes of network failures. MD |evel configuration
paraneters MJST not be carried using MPLS OAM protocol (e.g., LSP
Pi ng) since MPLS OAM protocol doesn't support transport of these
managenent i nformation.

5.3.1.1. Technol ogy Type Extension

No MPLS technol ogy type has been defined in the LI ME base nodel
hence it is required in the MPLS OAM nodel . The technol ogy type
"npls" is defined as an identity that augnments the base "technol ogy-
types" defined in the LI ME base nodel

identity npl s{
base goamtechnol ogy-types;
description
"npls type";

}

5.3.1.2. Sub Technol ogy Type Extension
In MPLS, since different encapsul ation types such as | P/ UDP

Encapsul ati on, PW ACH encapsul ati on can be enpl oyed, the "technol ogy-
sub-type" data node is defined and added into the MPLS OAM nodel to
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further identify the encapsul ation types within the MPLS OAM nodel .
Based on it, we also define a technol ogy sub-type for | P/ UDP
encapsul ati on and PW ACH encapsul ati on. O her Encapsul ation types
can be defined in the sane way.

identity technol ogy-sub-type {
description
“certain inplenentations can have different
encapsul ati on types such as ip/udp, pwach and so on
I nstead of defining separate nodels for each
encapsul ati on, we define a technol ogy sub-type to
further identify different encapsul ati ons. Technol ogy
sub-type is associated at the MA | evel "

}

identity technol ogy-sub-type-udp {
base technol ogy-sub-type;
description
"technol ogy sub-type is | P/UDP encapsul ati on"

}

identity technol ogy-sub-type-ach {
base technol ogy-sub-type;
description
"technol ogy sub-type is PWACH encapsul ation";
}
}

augrment "/ goam donai ns/ goam donai n/ goam MAs/ goam MA" {
| eaf technol ogy-sub-type {
type identityref {
base technol ogy-sub-type;
}
}
}

5.3.2. MA Configuration Extension

MA | evel configuration parameters are managenent information which
can be inherited in the MPLS- OAM nodel and set by LI ME base nodel as
default values. In addition, at the Mintenance Associ ati on( MA)

| evel, MA data node at the second | evel can be augnented with
connectivity-context extension

Note that MA | evel configuration paraneters provides context

i nformati on for nmanagenent systemto correlate faults, defects,
network failures with location infornmation, which hel ps quickly
identify root causes of network failures. MA |evel configuration
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paranmeters MJUST not be carried using MPLS OAM protocol (e.g., LSP
Ping) since MPLS OAM protocol doesn't support transport of these
managenent i nformation.

5.3.2.1. Connectivity-Context Extension

In MPLS, one exanple of context-id is a 20 bit MPLS | abel. The LIME
base nodel defines a placeholder for context-id. This allows other
technol ogies to easily augnent that to include technol ogy specific
extensions. The snippet bel ow depicts an exanpl e of augnenting
context-id to include per VRF MPLS |abels in IP VPN or per CE MPLS
labels in I P VPN

augment "/ goam donmai ns/ goam donmai n/ goam MAs/ goam MA
/ goam connecti vity-cont ext”

case connectivity-context-npls {
| eaf vrf-label {
type vrf-I abel
}

}
}

5.3.3. MEP Configuration Extension

In MPLS, the MEP address is either an I Pv4 or | PV6 address in case

| P/ UDP encapsul ation. MEP-1D is either a 2 octet unsigned integer
value in case | P/UDP encapsul ation or a variable |length | abel val ue
in case of G ACH encapsulation. In the LIME base nodel, MEP-IDis
defined as a variable | ength | abel value and the sanme definition can
be used for MPLS with no further nodification. 1In addition, at the
Mai nt enance Associ ati on Endpoi nt (MEP) |evel, MEP data node at the
third I evel can be augnmented with Session extension and interface
ext ensi on.

5.3.3.1. ECMP Extension
Since MPLS supports ECMP path sel ection, the flow entropy should be

defined in MPLS OAM nodel . Technol ogy type is used to extend the
YANG nodel to specific usage.
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augrment "/ goam donai ns/ goam donai n/ goam MAs/ goam MA
[/ goam f | ow entropy" {
case flowentropy-npls {
| eaf flags-npls {

type flags-npls;

}
| eaf flow entropy-npl s{
type flow entropy-npls;

}
}
}

5.3.3.2. Per interface Configuration Extension
TBC.

5.3.4. RPC Extension

5.3.4.1. CV extension for LSP Ping

5.3.4.2. Path D scovery Extension for LSP Ping

5.3.4.3. New RPC Alarm Indication Signal (AlS)
See [ RFC6427] .

5.3.4.4. New RPC for Lock Report (LKR)
See [ RFC6427] .

5.3.5. Perfornmance Managenent Extension

5.3.5.1. MEP Configuration Extension

To support performance nonitoring for MPLS, MEP configuration in the
LI ME base nodel can be extended with:

o TBC
5.3.5.2. RPC Extension

To support performance nonitoring for MPLS, it is recommended that
five new RPCs are defined in the MPLS OQAM PM nodel :

0o MPLS Direct Loss Measurenent (DLM RPC [ RFC6374];

0 MPLS Inferred Loss Measurenent (ILM RPC [ RFC6374];
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0 MPLS Del ay Measurenent (DM RPC [ RFC6374];
0o MPLS Direct Loss and Del ay Measurenent RPC [ RFC6374];

0 MPLS Inferred Loss and Del ay Measurenent RPC [ RFC6374].
5.3.6. Usage Exanple

In the MPLS tunnel scenario (see Figure 3): tunnel 1 is a static LSP
tunnel passing through NE1-NE2-NE4. It is used to perform LSP PI NG
tunnel _3 is another static LSP tunnel passing through NE4- NE2- NEL,
used to bring back the LSP PING result. tunnel_2 is a third static
LSP tunnel passing through NE1- NE3-NE4, used to perform LSP
Traceroute. tunnel _4 is a fourth static LSP tunnel passing through
NE4- NE3- NE1, used to bring back the LSP Traceroute result.

Fom e e +
I I
T >+ NE2 +------cc-oooono-- +
| | [<o oo |
| oo + |
| -
| v Y
Homm oo+ Homm oo+
I I I I
| NE1 | | Ne4 |
| | | |
Hom - - -+ H- -t
A I
I I
| LR + |
I I I I
S + NE3 +<------c-cecoon-on +
.................... | [ o
Fom e e +

----- forward direction LSP tunnel
...... backward direction LSP tunnel

Figure 3: MPLS OAM scenario
5.3.6.1. MPLS OAM Mbdel Extension

TBD.
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5.3.6.2. Corresponding XM |nstance Exanple

TBD.
5.4. Generic YANG Model extension for MPLS-TP OAM
5.4.1. ND Configuration Extension

MD | evel configuration parameters are managenent information which
can be inherited in the MPLS-TP OAM nodel and set by LIME base node
as default values. For exanple donain nanme can be set to area-ID or
the provider’s Autononous System Nunber (ASN) [RFC6370] in the MPLS-
TP OAM case. In addition, at the Miintenance Donmin | evel, domain
data node at root |evel can be augnmented with technol ogy type and
sub-t echnol ogy type.

Note that MD | evel configuration paranmeters provi des context
information for management systemto correlate faults, defects,
network failures with |location information, which hel ps quickly
identify root causes of network failures

5.4.1.1. Technol ogy Type Extension

No MPLS-TP technol ogy type has been defined in the LI ME base nodel,
hence it is required in the MPLS OAM nodel . The technol ogy type
"npls-tp" is defined as an identity that augments the base

"technol ogy- types" defined in the LI ME base nodel

identity npls-tp{
base goamt echnol ogy-types;
description

"npls-tp type";

5.4.1.2. Sub Technol ogy Type Extension

In MPLS-TP, since different encapsul ation types such as | P/ UDP
Encapsul ati on, PW ACH encapsul ati on can be enpl oyed, the "technol ogy-
sub-type" data node is defined and added into the MPLS OAM nodel to
further identify the encapsulation types within the MPLS-TP OAM
nodel . Based on it, we also define a technol ogy sub-type for | P/ UDP
encapsul ati on and PW ACH encapsul ati on. Oher Encapsul ation types
can be defined in the sanme way.
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identity technol ogy-sub-type {
description
"certain inplenentations can have different
encapsul ati on types such as ip/udp, pwach and so on
I nstead of defining separate nodels for each
encapsul ati on, we define a technol ogy sub-type to
further identify different encapsul ati ons. Technol ogy
sub-type is associated at the MA | evel "

}

i dentity technol ogy-sub-type-udp {
base technol ogy-sub-type;
description
"technol ogy sub-type is | P/UDP encapsul ati on"

}

i dentity technol ogy-sub-type-ach {
base technol ogy-sub-type;
description
"technol ogy sub-type is PWACH encapsul ati on"

}
}

augrment "/ goam donai ns/ goam donai n/ goam MAs/ goam MA" {
| eaf technol ogy-sub-type {
type identityref {
base t echnol ogy-sub-type;
}
}
}

5.4.2. MA Configuration Extension

MA | evel configuration paraneters are managenent information which
can be inherited in the MPLS-TP OAM nodel and set by LIME base nodel
as default values. One exanple of MA Nane is MEG LSP ID or MEG
Section I D or MEG PWI D[ RFC6370]. |In addition, at the Mintenance
Associ ati on(MA) |evel, MA data node at the second | evel can be
augrmented with connectivity-context extension

Note that MA | evel configuration paranmeters provi des context
information for management systemto correlate faults, defects,
network failures with |location information, which hel ps quickly
identify root causes of network failures.
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5.4.2.1. Connectivity-Context Extension

In MPLS-TP, one example of context-id is a 20 bit MPLS | abel. The
LI ME base nodel defines a placeholder for context-id. This allows
other technologies to easily augnent that to include technol ogy
specific extensions. The snippet bel ow depicts an exanpl e of
augmenting context-id to include per VRF MPLS labels in I P VPN

[ RFCA364] or per CE MPLS labels in I P VPN [ RFC4364] .

augrment "/ goam donai ns/ goam domai n/ goam MAs/ goam MA
/ goam connecti vity-cont ext"

case connectivity-context-npls {
| eaf vrf-label {
type vrf-I abel

}
5.4.3. MEP Configuration Extension

In MPLS-TP, MEP-1D is either a variable I ength | abel value in case of
G ACH encapsul ation or a 2 octet unsigned integer value in case of

| P/ UDP encapsul ati on. One exanple of MEP-ID is MPLS-TP LSP_MEP_I D

[ RFC6370]. In case of using | P/UDP encapsul ation, the MEP address
can be either an IPv4 or | PV6 address. |In the LI ME base nodel, MEP-
IDis defined as a variable length |abel value and the sane
definition can be used for MPLS-TP with no further nmodification. In
addition, at the Mi ntenance Associ ation Endpoi nt (MEP) |evel, MeP
data node at the third |l evel can be augnented with Session extension
and interface extension.

5.4.3.1. ECWVP Extension
The flow entropy paraneter in the LIME OAM configuration nodel is an
optional paraneter. Standard MPLS-TP OAM protocol does not support
ECVMP path selection, so the flow entropy parameter does not need to
be supported in the MPLS-TP OAM nodel

5.4.3.2. Per interface Configuration Extension
TBC.

5.4.4. RPC Ext ensi on
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5.4.4.1. CC extension for MPLS-TP BFD CC Message
5.4.4.2. CV extension for MPLS-TP BFD CV Message
5.4.4.3. CV extension for On-Demand LSP CV with Non-IP Encapsul ati on
5.4.4.4. CV extension for On-Demand LSP CV with | P Encapsul ation
5.4.4.5. New RPC for Renote Defect Indication
See [ RFC6435].
5.4.4.6. New RPC for Lock Instruct
See [ RFC6435] .
5.4.5. Performance Mnitoring Extension
5.4.5.1. MEP Configuration Extension

To support performance nonitoring for MPLS-TP, MEP configuration in
the LI ME base nodel can be extended with:

o TBC
5.4.5. 2. RPC Ext ensi on

To support performance nonitoring for MPLS-TP, it is recomended that
five new RPCs are defined in the MPLS OAM PM nodel :

0 MPLS-TP Loss Measurenment (LM Message RPC [ RFC6375];
0 MPLS-TP Test Message RPC [ RFC6375];
0 MPLS-TP Del ay Measurenent (DM Message RPC [ RFC6375];
5.5. GCeneric YANG Model extension for NVO3 OAM
5.5.1. Technol ogy Type Extension
No NVOB technol ogy type has been defined in the LI ME base nodel .
Theref ore technol ogy type extension is required in the NVG3 OAM

nmodel .  The technol ogy type "nvo3" is defined as an identity that
augrments the base "technol ogy-types" defined in the LI ME base nodel :
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identity nvo3{

base goamtechnol ogy-types;
description

"nvo3 type";

}
5.5.2. Sub Technol ogy Type Extension

In NVGB, since different overlay encapsul ation types such as VxLAN,
NVGRE can be enpl oyed, the "technol ogy-sub-type" data node is defined
and added into the NVO3 OAM nodel to further identify the overlay
types within the NVOB nodel. Based on it, we also define a
technol ogy sub-type for VXLAN encapsul ati on. NVGRE and GENEVE, sub-
types can be defined in the same way.

identity technol ogy-sub-type {

description
“certain inplenentations such as nvo3 can have different

encapsul ati on types such as vxlan, nvgre and so on

I nstead of defining separate nodels for each
encapsul ati on, we define a technol ogy sub-type to
further identify different encapsul ati ons. Technol ogy
sub-type is associated at the MA | evel "

}

identity technol ogy-sub-type-vxlan {
base t echnol ogy-sub-type;
description
"technol ogy sub-type is vxlan";

augrment "/ goam donmai ns/ goam donai n/ goam MAs/ goam MA" {
| eaf technol ogy-sub-type {
type identityref {
base technol ogy-sub-type;
}

}
}

5.5.3. MEP Configuration Extension
In NVO3, the MEP address is either an IPv4 or | PV6 address. In the

LI ME base nodel, MEP address is defined as an | P address and the sane
definition can be used for NVO3 with no further nodification
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5.5.4. Connectivity-Context Extension

In NVG3, one exanple of context-id is a 24 bit virtual network
identifier (VNI). The LIME base nodel defines a placehol der for
context-id. This allows other technologies to easily augnent that to
i ncl ude technol ogy specific extensions. The snippet bel ow depicts an
exanpl e of augnenting context-id to include VNI .

augrment "/ goam domai ns/ goam donmai n/ goam MAs/ goam MA
/ goam connecti vity-context"

case connctivity-context-nvo3 {
| eaf wvni {
type vni

}
5.5.5. RPC Ext ensi on

In the NVO3 OAM YANG nodel, the End-Station-Locator RPC comand is
defined. This conmand | ocates an end-station within the NVO3

depl oynent. [PTT -- what other tools are applicabl e??? Presunably
one can use ICWP Ping, LSP Ping for CV, and the PM extensions, per
RFC 7276 Table 4.]

5.5.6. ECVP Ext ensi on

In NVGB, flow entropy depends on the technol ogy sub-type, e.g.
VXLAN. Technol ogy sub-type is used to extend the base nodel to
specific usage. The snippet belowillustrates the extension for

VXLAN.

augrment "/ goam donai ns/ goam domai n/ goam MAs/ goam MA
/ goam f | ow entropy" {
case flow entropy-vxlan {
| eaf flags-vxlan {
type flags-vxl an;

| eaf flow entropy-vxlan {
type flow entropy-vxlan
}

}
}
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5.6. GCeneric YANG Model extension for BFD
5.6.1. MD Level configuration extension

MD | evel configuration paraneters are managenent information which
can be inherited in the BFD nodel and set by LIME base nodel as
default values. For exanple domain nane can be set to area-IDin the
BFD case. In addition, at the Mintenance Domain | evel, domain data
node at root |evel can be augmented with technol ogy type and sub-

t echnol ogy type.

Note that MD | evel configuration paraneters provi des context
information for managenment systemto correlate faults, defects,
network failures with location information, which hel ps quickly
identify root causes of network failures. MD |evel configuration
paraneters MJST not be carried using BFD protocol since BFD doesn’t
support transport of these nmanagenent i nfornation.

5.6.1.1. Technol ogy Type Extension

No BFD technol ogy type has been defined in the LI ME base nodel
Therefore a technol ogy type extension is required in the BFD OAM
nmodel . The technol ogy type "bfd" is defined as an identity that
augrments the base "technol ogy-types" defined in the LI ME base nodel :

5.6.1.2. Sub Technol ogy Type Extension

In BFD, since different encapsul ation types such as | P/ UDP
Encapsul ati on, PW ACH encapsul ati on can be enpl oyed.

In I'inme-bfd-extension yang data nodel, we define an identity:
"technol ogy-sub-type" to further identify the encapsul ation types
within the BFD. And based on it, we also define four identity
encapsul ati on types:

o technol ogy-sub-type-sh-udp: technol ogy sub-type is single hop with
| P/ UDP encapsul ation

o technol ogy-sub-type-mh-udp: technol ogy sub-type is nultiple hop
with | P/ UDP encasul ation

o technol ogy-sub-type-sh-ach: technol ogy sub-type is single hop with
PW ACH encapsul ati on;

o technol ogy-sub-type-mh-ach: technol ogy sub-type is nultiple hop
with PWACH encapsul ati on;

Tayl or & Zhuang Expi res June 13, 2016 [ Page 34]



Internet-Draft Applicability of LIME Base Mdel Decenber 2015

In MD level, we define a sub-technology |leaf with an identityref type
whi ch base on the technol ogy-sub-type:

augnment "/ goam donai ns/ goam donmai n/ " {
| eaf sub-technol ogy{
type identityref {
base t echnol ogy-sub-type;
}

}
}

5.6.2. MA configuration extension

MA | evel configuration paranmeters are managenent information which
can be inherited in the BFD nodel and set by LIME base nodel as
default values. In addition, at the Mintenance Associ ati on( MA)

| evel, MA data node at the second | evel can be augnented with
connectivity-context extension

Note that MA | evel configuration paraneters provi des context

i nformati on for managenment systemto correlate faults, defects,
network failures with location information, which hel ps quickly
identify root causes of network failures. MA |evel configuration
paraneters MJST not be carried using BFD protocol since BFD doesn’t
support transport of these nmanagenent i nfornation.

5.6.2.1. Connectivity-Context Extension

In BFD, one exanple of context-id is a 32bit |ocal discrimnator

The LI ME base nodel defines a placeholder for context-id. This

all ows other technologies to easily augnment that to include
technol ogy specific extensions. The snippet bel ow depicts an exanpl e
of augnenting context-id to include | ocal discrimnator

augrment "/ goam donai ns/ goam donai n/ goam MAs/ goam MA
/ goam connecti vity-context"

{

case connectivity-context-bfd {
| eaf | ocal-discrimnator {
type local -di scrim nator;
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5.6.3. MEP configuration extension

In BFD, the MEP address is either an IPv4 or | PV6 address. MEP-IDis
either a 2 octet unsigned integer value or a variable | ength | abel

value. In the LI ME base nodel, MEP-ID is defined as a variable
I ength | abel value and the sanme definition can be used for BFD with
no further nodification. |In addition, at the Mii ntenance Associ ation

Endpoi nt (MEP) | evel, MEP data node at the third |l evel can be
augnmented with Session extension and interface extension

5.6.3.1. Session Configuration Extension

At the Session |level, Session data node at the fouth level can be
augnmented with 3 interval paraneters and 2 TTL paraneters. In
[draft-zheng- bfd-yang], source and destination address in the bfd-
session-cfg can be corresponding to Session configuration extension
as source MEP and destination MEP

augment /goam domai ns/ goam domai n/ goam MAs/ goam MA goam MEP/ goam sessi on
+--rw (interval -config-type)?
| +--:(tx-rx-intervals)

| | +--rwdesired-mn-tx-interval ui nt 32
| | +--rwrequired-nmn-rx-interval ui nt 32
| +--:(single-interval)

| +--rw mn-interval ui nt 32

augment /goam domai ns/ goam domai n/ goam MAs/ goam MA/ goam MEP/ goam sessi on
+--rw tx-ttl? ttl

+--rw rx-ttl ttl
5.6.3.2. Interface configuration extension
At the Interface level, interface data node at the fifth | evel can be

augnented with the sane paraneters defined in per-interface
configuration of [draft-zheng-bfd-yang].
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augrment /goam domai ns/ goam domai n/ goam MAs/ goam MA goam MEP/ goam sessi on/ goam
ut goi ng-i nterface:

+--rw local-nmultiplier? mul tiplier

+--rw (interval -config-type)?

| +--:(tx-rx-intervals)

| | +--rwdesired-mn-tx-interval ui nt 32
| | +--rwrequired-mn-rx-interval ui nt 32
| +--:(single-interval)

| +--rw mn-interval ui nt 32
+--rw demand- enabl ed? bool ean
+--rw enabl e- aut henti cation? bool ean

+--rw aut henti cati on-parnms {bfd-authentication}?
| +--rw key-chain- name? string

| +--rw algorithn? bf d- aut h-al gori t hm
+--rw desired-m n-echo-tx-interval ? ui nt 32
+--rw requi red-m n-echo-rx-interval ? ui nt 32

5.6.3. 3. New Notification definition

[ GENYANGOAM defines a notification nodel which abstracts defects
notification in a technol ogy i ndependent nmanner. However what BFD is
required is state change notification, therefore a new notification
definition can be specified to neet BFD requirenent.

notifications:
+---n state-change-notification

+--ro | ocal -di scrimnator? ui nt 32

+--ro renote-discrimnator? ui nt 32

+--ro new state? enuneration
+--ro state-change-reason? string

+--ro time-in-previous-state? string

+--ro dest-addr? i net:ip-address
+--ro source-addr? i net:ip-address
+--ro0 session-cookie? | eaf r ef

+--ro technol ogy- sub-type? i dentityref
+-ro interface? | eaf r ef

+--ro echo-enabl ed? bool ean

In this state-change-notification, technol ogy-sub-type is used to
identify whether the notification is for single hop or nmulti-hop or
ot her types.

6. Open |ssues

Do we need to specify usage exanples for each technol ogy-specific
OAM nodel ?

Applicability of LIME base nodel structure on BFD in details
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7.

10.

10.

10.

Applicability of LIME base nodel structure on MPLS OAM and MPLS- TP
OAM

Security Considerations
TBD.
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