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Recommendation ITUT G.81522

Resilience Information/Data Models for MPLS TP Network Element

Summary

This Recomnendation specifies thaperation resiliencemanagement information model and data
models forMPLS-TP Network Element (NE&s defined in[ITUT G.8131,ITUT G.8132].The

information model is interface protocol neutral and specified using tHeeddodelling Language
(UML). The information modebf this Recommendation is derived through pruning and refactoring
from the Recommendation G.7711/Y.1702 core information model and Recommendation
G.8152/Y.1375foundationMPLS-TP NE information model. Té datamodek are interface protocol
specific and tanslated from the information model with the assistance of automated translation
tooling. The specific interface protocols considered in this Recommendation include, but not limited
to, NETCONF/YANG.

Keywords
MPLS-TP, Information modelResilience UML, Data modelY ANG.

Introduction

<Optionali This clause should appear only if it contains information different from that in Scope and
Summary>

1 Scope

This Recommendation will specify the resilience infation nodelsand data models for MPLBP
transport twork Element (NE) to support specific interface protocols and specific management and
control functions. The information models will be interface protocol neutral and will be derived
through pruning andefacbring from the G.7711 core information modeld G.8152 foundation
MPLS-TP NE information model. The data models will be interface protocol specific and will be
translated from these information models. The specific interface protocols consid&rdd,yut rot

limited to, NETCONF/YANG. The specdimanagement and control functions for resilience covered
by this Recommendation include such as G.81BIPLS-TP Linear protection switching and

G.81321 MPLS-TP Shared Ring protection switching.

The eentualYANG modules of this Recommendation are airteede compatible with and when
necessary extend the relevant base generic YANG modules from the IETF for resilience functionality
such as G.8131 and G.8132.

2 References

The following ITUT Recommendatins arml other references contain provisions whitlirough

reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to; revisio
uses ofthis Recommendation are therefore eneged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly publish&tie eferance to a document within this
Recommend#on does not give it, as a staatbne document, the status of a Recommendation.

[ITU-T G.7711] RecommendatiofifU-T G.7711/Y.1702 (3/2018¥;eneric protoceheutral
information model for transport resaces
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[ITU-T G.813]] Recommendation ITO G.8131/Y.1382 (7/2014), Linear protection
switching for MPLS transport profile

[ITU-T G.8132 Recommendation ITO G.8132/Y.1383(8/2017), MPLS TP shared ring
protection.

[ITU-T G.8151] Recommendation ITO G.8151Y.1374(10/2018), Management aspects of
the MPLSTP network element

[ITU-T G.8152] Recommendation ITO G.8152/Y.1735(10/2018), Protocolneutral

management information model for the MPLIS network element

3 Definitions

3.1Terms defined elsewhere
This Reommerlation uses the following terms definddewhere:

edlor biole Drooaile ape o be non dod]
3.1.11+1 protection architecture [ITU-T G.808]
3.1.21:n protection architecture [ITU -T G.808]
3.1.3forced switch [ITU-T G.808]

3.1.4 holdoff time [IT U-T G.880]

3.1.5 manual switch [ITUT G.808]

3.1.6 protection [ITU-T G.808]

3.1.7 protection group [ITU-T G.808]

3.1.8 signal degrade (SD) [ITUT G.806]

3.1.9 signal fail (SF) [ITUT G.806]

3.1.10 switch [ITU-T G.808]

3.1.11 unidirectional protection svitching [ITU -T G.780]
3.1.12 waitto-restoretime [ITU -T G.808]
3.1.13 clear: [ITU-T G.808]

3.1.14 exercise signal: [ITUr G.808]

3.1.15 server signal fail (SSF): [ITUT G.806]
3.1.16 steering{ITU -T G.808]

3.1.17 wrapping: [ITU-T G.808]

3.2Terms defined in this Recommendation

b " . . N
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4  Abbreviations and acronyms
This Recommendation uses the follagriabbreviations and acronyms:

<Editor Note: Details are to be provided. >

MPLS Multi-Protocol Label Switching
MPLS-TP Multi-Protocol Label Switchind ransport profile
MSRP MPLS-TP Shared Ring Protection
MT MPLSTP

SE Signal Fail

SD SignalDegraded

Sk Sink

So Source

TT Trail Termination

CTP ConnectionTermination Point
EXER Exercise

ES Forced Switch

MS Manual Switch

SNC Subnetwork Connection

SNCP Subnetwork Connection Protemti
SNC/S SNCP with Sublayer monitoring
WTR Wait-to-Restore

5 Conventions

5.1 Infor mation modelling conventions
See clause 5.1 of [ITT G.7711].
5.1.1UML modelling conventions

See clause 5.1 of [ITT G.7711].

5.1.2Model Artefact Lifecycle Stereotypes onventions
See clause 5.2 of [ITT G.7711].
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5.1.3Forwarding entity terminology conventions
See clause 5.3 of [ITT G.7711].

5.1.4Conditional package conventions
See clause 5.4 of [ITT G.7711].

5.1.5Pictorial diagram conventions
See clause 56f [ITU-T G.7711].

5.2 Equipment function conventions
See clause 5.3 of [ITT G.8153.

5.3 Conventions defined in this Recommendation
See tause 5.3 of [ITUT G.8153.

6 MPLS-TP ResilienceFunctions

This clause identifies thPLS-TP Resiliencdunctionsthatare modelled by the information model
and data models of this Recommendation.

6.1Linear Protection Functions

MPLS-TP linear protetion function is defined in [ITUI G.8.31]. For protection type
characteristicit is proposed to include followintypes:

Table 6.1-1 MPLS-TP Linear Protection type

Protection type Source
Unidirectiona 1+1 SNC/S protection ITU-T G.8131
switching

Bidirectional 1+1 SNC/S protection switchin ITU-T G.8131
Bidirectional 1:1 SNC/S protection switchin¢ ITU-T G.8131
MPLS-TP trail protection ITU-T G.8131
Pseudwire Redundancy IETF RFC6718

6.2 Ring Protection Functions
Table 6.2-1 MPLS-TP Ring Protectiontype

Protection type Source

wrapping ITU-T G.8132
short wrapping ITU-T G.8132
steering ITU-T G.8132
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7 MPLS-TP Resliencelnformation Model

This clause calins the UML information model of ttdPLS-TP Protectiorfunctions identified in
Clause 6. Thisnformation model is derived through pruning and refactoring the Recommendation
G.7711/Y.1702 core information meldand Recommendation G1%2'Y.1375 (12/2016),
Protocolneutral management informatiorodel for the MPLSTP network element

7.1 Required Object Classesand relations

7.1.1 Linear protection

In G.8131clause 6.1it gives some protection switchirgrchiecture for the MPLS P linear
protection _group. Including Unidirdonal 1+1 SNC/S protection switching, biglctional 1+1
SNC/S protection switchindpidirectioral 1:1 SNC/S protection switchinfihesethree architectuse
all including the same olgés, so we choose the Unidirectional 1+1 SS@rotection switching to
describe the MPLI P linear protection objéclasses. Annex E of G.7711 has the generic resdien
model applicable for the linear protection switching schemes. The following FigLishadvs the
mapping between G.8131 and G.77di1the MPLSTP linear préection.

Protected MT#A SNC
Node A Node Z

"

MT#A (Normal traffic)

@
D
o
Y

4

:

A
WOCESS

yrolection

ra

N
NINg process

) - Working transport entity (for MT#A)

\ MT#A (Normal traffic)

SNC protection
switching |

MmT[cp | |32 MT _CP
7z W h AN 7aVa -
) AN AW N a e
Protegtion transport entity (for MT#A)
MT\C MT C
G.B131-Y.1382(14)_F8-1
i ] 5
LTP O FeSwitch working

\07 LTP protection
Fc

Figure 71.1-1 mapping between.8131 and G.7711 for MPLSP linear protection model
Table7.1.1-1 mappingbetweens.8131, G.8152 and G.771%or MPLS-TP linear protection

G.8131 G.8152 G.7711
SNC  protection  switchin¢ MT_SubnetworkConngionPr | FcSwitch+CG\SC+ Spec
process otectionGroup

MT C MT CrossConnection FC+FcPort+Spec
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MT CP MT ConnetionTerminationPol LTP+Spec
int

Figure E.11 of G.7711 shows the basic resilience pattéhe simplified resilience model for
MPLS-TP linear protectiocan beexpressed as the Figufe..1-2.

Classed$-cSwitch, ConfigurationAndSwitchControl (CASC), ConfParameters Pagepresent to
support resilience.

The FcSwitclobjectclass models thanstched forwarding of traffic (traffic flowbetween FcPorts and is
preent where there is protection functionalitythe FC. The FC switch represents and defines a
protection switch structure encapsulated in the FC and essentially performs one ottioedwf the
protection group in a traditiah model !

The CASC Repesents the capability to control and conade switches, to add/delete/modify FCs and to
add/déete/modify LTPs/LPs so as to realize a protection scheme. The CASC can be compdsge@sf C
allowing for expression of complex coaokistructures, which is dald encapsulation of the CASChere

are seeral degrees £SC independence:ASSC encapsulated an FcSwitchCASC encapsulated in an
FC and @A SC encapsulated in aASC.

The ControlPaametes Pac defines a list of control parasrstto apply to a switch.

LTP FeSwitch g LTP working

LTP protection

Fe,
«OpenModelClass» LOpenMode(CIass, «OpenModelClass»
i i i +_fcPort HFcPort £ ForwardingConstruct
HlogicalTerminationPoint 02 Flasa o =
Ficl onnectedTol tp | Itp «StrictComposites Lo
1. - [ ontrolC
" +feswitch | «Efperimental» <Expefimental»
L s FcCoordinatedByCasc
+_logicalTermirhtianPoint FeSwatchSelectsFcPorts
«OpenModelClass» + fc + configuratoandswitchcontrol oS e : | forwardingConstruct .
S LayerProtocol <OpenModdiClass» <Experim ental» « (Class, Preliminary»
EFeswitch £ ConfiguationAndgwitcht of iR An2tedF¢
0. tedB T

thuho-r«gfwuwaun eters
<Preliminary» ontrol

£ ControlParam eters Pac

fitchCoordinator
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FcPort FcSwitch )
LTP Working
LTP
LTP Protection
«OpenModelClass» cfpe odelClassi feport ! «OpenModelClass» + _coordinatedFc
El LogicalTerminati int 1 FcPort 0.1 FeHasFcPort ElForwardingConstruct jfowardingConstruct
FcPortConnectedtol TP 1 .
- — . = «Experit ental»
+Iog|ca|t:mnauonpomt 0.1
. «Experim dntal» ConfigurationAndswitchControlCoordinatesFc
+ _logitalferminationPoint * HaQowerlevel!ﬁs F:goordi hatedByCasc
LtpIncludgsLayerProtocols FeSvitchSelectsFcPorts FeEncapsulateskcSwitch * containingFc 0.1
*
1.4 + fcSwitch * " *
+fespitch .
«OpenModelClasss| «OpenModelClass» nd ) _pXpe ental»
E LayerProtocol E FeSwitch 4 ControlChoosesSwitchPosition «OpenModelClass, Preliminary»

\ E.ConﬁFuraﬁonAndSwitchControl
& fonfiguratoandswitchcontre

+ fgSwitchFtSwitchCoordinatedBylnternal Casd

k- fcSvltdh «Experimental» 0.1
. FcSwitchCoordinatedByControl
«Experimental» 1 + _subafilinateControl
FcSwitchHasCottrplParam eters
0.1 * | ControlGovernsContrjol

+ controlparam e}rs_pac
«Preliminary, OpenModelClass»

= ControlParameters_Pac
+ (-Ollllolr’gamem“_liac CascHasControlParam efers

0.1

«Experim ental»

Figure7.1.1-2 resilience model for MPLSP Linear protection

Following text will give the model for MPLSP linear protectiospec model

Figure 7.1.13 shows the LTP (Logical Tarinaion Point) spec model. Two spebject ¢asses
namedMtLinearProtetionTtpSdpec andtLinearProtectionTtpSpec are associated with LTP.
The attributes of these two Spec classes are imported frob6Z5.8

«OpenModelClass: «0OpenModelClass»
H LogicalTerminationPoint| . . ol “‘t' = MiLinearProtectionTipSoSpec «OpenModelClass»
[  =abstachon, Expenimental, § e "XI» n =
—————————— 2 arm status: <Undefined> [1] ey 4 Tp_Pac
MﬁpSoSpecSpecﬂylEl crossConnectionObjectPointer: <Undefined> [1] PruneAndRefactors

A = CurrentProlblemlList <Undefined> [1]
! =1 alarm ServerityAssignm entProfilePointer: <Undefined> [1] A
: 1
1 1
‘fabstracﬁon, Experimental, Specify» !
1 1
L 1
MtTtpSiSpecSpecifyL TP «OpenModelClass» |
= MilinearProtectionT tpSiSpec i
]
larmStatus: <Undefined> [11 = |F------------------—_- !

alarm BALE LD [ «PruneAncdRefactor»

crossConnectionObjectPointer: <Undefined...
CurrentProblem List <Undefined> [1]
alarm SeverityAssignm entProfilePointer: <Un...

0@o@oo

Figure 7.1.23 Linear protection LTP Spec malel

Figure 7.1.14 shows theMPLS-TP linear Potection model. There at®o spec object class named
Mt _LinearProtectionSwitcBpec andvit LinearProtectionCaSpec

Mt LinearProtectionSwitcBpecis used to specify the core model FcSwitch. The attribute s
imported fom G.8152. And Mt_LinearBtectionCas8pecis used tespecify the core model
CASC. The operations of it are imported from G.8152 too

PortRoletypeSpec is a datatype, it is used to specify the datatype of PortRole, PortRole is an
attribue of FcPort.
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«OpenModelClass=
g LogicalTerminationPoint

+ | ogila"erm inationPoint
LipIncludgsLayerProtocols
1.*

«OpenModelClassx
= LayerProtocol

FcHas| owerlevelFcs |
+ _containigFc

«OpenModelClass»
=] MtlinearProtectionSwitchSpec

O0®00

ProtectionState: SncpGroupState [1]

isSdProtectionEnable: Boolean [1] = 0

isSfProtectionEnable: Boolean [1] = 0
ProtectionType: ProtectionType [1]

i
«PruneAndRefactor»

«OpenModelClass»
=) MT_SubNetworkConnectionProtectionGroup

2 + _fthort «OpenModelClass= EcHasEcPort 1 «OpenModelClass=
- E FePort K ForwardingConstruct
FcPortConnectedTolip I, 6..1 N
+ Iorﬁaldlng&ﬁnsnu(t ntals
: + _coordinatedFc 0.
[P * 1+tf( *
«ah‘nsha(ﬁon» Confiqul..hor\AndSwit(hComrolr C FcC Casc
FcSwitchSelectsEcPorts FcEncapsulatesSwitches
«DataType=» .
«Prellmiyrfiry» + fcSwitch * «Expenmentfl» .1 0.1
PortRole <OpenModelClass» «Experim ental» . = ARenNedeifiags Preliminary»
E Feswitch ControlChoosesSwitchPosition ﬁconliguralionAndSwtchControl
A + fcSwitth  FcSwitchCoordinatedByControl S 0.1
«abstraction, Experim ental, Specify» 0. «Experimental:
! + feSwitth  FcSwitchCoordinatedBylnternalCasc |0..1
<Enumerations «Experimental= + switchCoordinator
PortRoletypeSpec A 0.1 A
= WORKING ' CascOwnsControlParameters '
= PROTECTING ' FcSwitchOwns(ontrolParam eters «Preliminary» '
= PROTECTED ' + _control 4 «abstraction, Experimental, Specify»
=INA | N N «Preliminary, OpenModelClass» :
«abstraction, Expenrnental, Specify= «Plellmmaryg ControlP . Pac «OpenModelClass>
i 0. =] Mt_linearProtectionCascSpec
i
! & lockout)
.

@ forceSwitch()
clearExternalCommandAndWirState
m anualSwitch()

exercise()

locolFreeze()

&
@
&
3]

i
«PruneAndRefactor
\

Figure 7.1.24 MPLS-TP linear protection specmodel

7.1.2 Shared ring protection

<Editor Note:: need to updatthe second column ¢éble 7.1.21 (G.8152) , after G.8152 defines the
MSRP model>

In G.812 Figure 8-1, it givesa function nodelof MSRP (see the upperppaf Figure7.1.21). And in
G.7711annexE, it hasthe generic resilience model. The followiRigure7.1.21 shows the mapping
between G.813Figure 81 and G.7711 for the MPL-$P shared ringprotecton.

Note that Figure 81 in G.8132 is the same asgire 911 (which shows theatomic functios for
MSRP_Qin G.8121

An MSRP ring tunnlas modelled as a server sidyer for the MPLSTP LSP suHayer. Figure 8L in

G.8132 shows the sdbyer functional model. The MSRP C stmal the possible working and

protection canections that can be setimpthe MSRP sulbayer.
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Normal traffic

MSRP_TT

MSRP_TCPs

/| I RPS/SSF

MT/MSRP_A

MT TT

to node (i-1)

West ring port East ring port

P: Protection  'W: Working

G 8132-Y 1383(17)_F8-1

1o node (i+1)

Figure7.1.21 mapping between G.82Figure8-1 and G.7711 for BRP
Table7.1.21 mappingbetweenG.8132, G.8152 and G.771%or MSRP

G.81&

G.8152

G.7711

MSRP svitching process

Not defined yet, needor further
study

FcSwitch+«CASC+ Spec

MSRP C Not defined yet, neefor further| FC+ Spec
study

MSRP_CP Not defined yet, neefor further| FcPort +Spec
study

West ing portEast ring pa | MT_TrailTerminationPait LTP +Spec

Figure E.11 of G.7711 shows #basic resilience patterme simplified resilience model fdviISRP
can be expressed as the Figorke 22,
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Figure7.1.22 resilience model for RP

The FcSwitch class models the sshiéd forwarding of trafé (traffic flow) between Fcérts and is
presat where there is protectidunctionality in the FC. The FC switch represents and defines a
protection switch structure encapsulated in the FC aswhéally performs one of the funetis of the
protection grap ina traditional model.

The CASC Represda the capability to contt@and coordinate switches, to add/delete/modify FCs and to
add/delete/modify LTPs/LPs so as to realize a protection scAdm&ASC can be composed oAGCs
allowing for expression ofomgex control structurg which is calledencapsulation of the CASChere

are several degreeASC independence:ASC encapsulated in ag$witch, CASC encapsulated in an
FC and @A SC encapsulated in 8ASC. In clause 2.1 willige some use cases foigh

The ControlParameters de defines a listf control parameters tgply to a switch.
Following text will give the spemodek for MSRP.

Figure 7.1.23 shows the LTP (Logical Termination Point) spec mo@elespec object class
namedMtRpsCtpSeds as®ciaied with LTP. The attributes ¢lis Specclass are imported from
G.8152.









































































