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Recommendation ITUT G.8121.2/Y.1381.2

Characteristics of MPLS-TP equipment functional blockssupporting
ITU-T G.8113.2/Y.1372.2 OAM mechanisms

Summary

Recommendation IT G.8121.2/Y.138L.2 specifies both the functional components and

methodology that should be used in order to speuxiiti-protocol label switching transport profile
(MPLS-TP) layer network functionality of network elements based on the protocol neutral con:
defined in Recommendation IFUG.8121/Y.1381 and on the tools defined in Recommend:
ITU-T G.8113.2/Y.1372.2.

Corrigendum 1:
| Clarifies the configuration of Ml_C_Enable and MI_CVp_Enable
| Adds missing "OAM Tool" Mls for AIS and LCK at MT_TT_Sk

T Removes irrelevant indexes in a few "OAM Tool" Mls
Draft Amendmentl:

- CSF processes

History
Edition Recommendation Approval  Study Group Unique IDf
1.0 ITU-T G.8121.2/Y.1381.2 201311-06 15 11.1002/1000/12018
2.0 ITU-T G.8121.2/Y.1381.2 201604-13 15 11.1002/1000/12806
2.1 ITU-T G.8121.2/Y.1381.2 (2016) Cor. 201611-13 15 11.1002/1000/1310:
Keywords

Atomic functions, equipment functional blockdPLS, MPLSTP, MPLS-TP layer network, OAM

*

To accesshe Recommendatiortypethe URL http://handle.itu.intin theaddresdield of your web
browser followed by the RecommendationsniquelD. For example http://handle.itu.int/11.1002/1000/1
1830en
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency indhsf fie
telecommunications, information and communication technologies (ICT8he ITU Telecommunication
Standardization Sector (I'FW) is a permanent organ of ITU. ITO is responsible for studying technical,
operating and tariff questions and issuiRgcommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU study groups which, in ta, produce Recommendations on these topics.

The approval of ITUT Recommendations is covered by the procedure laid down in WTSA Resdlution

In some areas of information technology which fall within ¥TWd purview, the necessary standards are
prepared o a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure.g, interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatoryspyosiare met. The words "shall" or some other
obligatory language such as "must" and the negative equivalents are used to express requirements. The use o
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve
the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicabilty of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected bypatents, which may be required to implement this Recommendation. However, implementers are
cautioned that this may not represent the latest information and are therefore strongly urged to consult the TSB
patent database hitp://www.itu.int/ITU-T/ipr/.

a ITu 2017

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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Recommendation ITUT G.8121.2/Y.138L.2

Characteristics of MPLS-TP equipment functional blockssupporting
ITU-T G.8113.2/Y13722 OAM mechanisms

1 Scope

This Recommendatiotlescribedoth the functional components and the methodology that should be
used in order tdescribanulti-protocol label switching transport profil§MPLS-TP) layer network
functionality of network elements; it does r@scribeindividual MPLSTP network equipment as
such.

This Recommendation provides protoegecific extensionsof the protocciheutral constructs
defined in [ITUT G.8121]to support theoperation, administration and maintenaifC&M) tools
defined in [ITUT G.8113.2].

This Recommendation provides a description of the MPPSunctional technology using the same
methodologes that hae been used for other transpodchnologies €.9., synchronous digital
hierarchy EDH), optical transport networkXTN) and Ethernet)

This Recommendation, along with [I'TO G.8121], specifies a library of basic building blocks and

a set of rules by which they may be combined in otdetescribe digital transmission equipment.
The library comprises the functional building blocks needed to specify completely the generic
functional structure of the MPLSP layer network. In order to be compliant with this
Recommendation, equipment neddsbe describable as an interconnection of a subset of these
functional blocks contained within this Recommendation. The interconnections of these blocks
should obey the combination rules given.

Not every atomic function defined in this Recommendationeguired for every application.
Different subsets of atomic functions may be assembled in different ways according to the
combination rules given in this Recommendation to provide a variety of different capabilities.
Network operators and equipment supgliaray choose which functions must be implemented for
each application.

2 References

The following ITUT Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At theftipublication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommetidias and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly publish8the reference to a document within this
Recommendation does not give it, as a stapde document, the status of a Recommendation.

[ITU-T G.805] Recommendation ITOJ G.805 (2000)Generic functional architecture of
transport networks
[ITU-T G.806] Recommendation ITU G.806 (2Q2), Characteristics of transport

equipmeni Description methodology and generic functionality

1 This ITU-T Recommendatiois intended to be aligned with the IETF MPLS RFCs normatively referenced
by this Recommendation.

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 1



[ITU-T G.8101]
[ITU-T G.8110.1]

[ITU-T G.8113.2]

[ITU-T G.8121]
[ITU-T Z.100]
[[ETF RFC 4379]

[IETE RFC 5880]
[[ETF RFC 5884]

[[ETF RFC 6370]
[IETF RFC 6374]

[IETF RFC 6375]
[IETF RFC 6426]
[IETF RFC 6427]
[IETF RFC 6428]
[IETF RFC 6435]

[IETE RFC 6473

3 Definitions
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Remmmendation ITUT G.8101Y.1355(2015), Terms and definitions for
MPLS transport profile

Recommendation ITO G.8110.1/Y.1370.1 (2011Architecture othe
Multi-Protocol Label Switchingansportprofile layer network

Recommendation ITO G.8113.2Y.1372.2(2015), Operations,
administration and maintenance mechanisms for MPESietworks using
the tools defined for MPL.$lusAmendment 1(2017)

Recommendation ITO G.8127Y.1381(2013), Characteristics of
MPLSTP equipment functional blocks

Recommendation ITO Z.100 Q011), Specification and Description
Language Overview ofSDL-201Q

IETF RFC 4379 (2006etecting MultiProtocol Label Switched (MPLS)
Data Plane Failures

IETF RFC 5880 (2010Bidirectional Forwarding Detection (BFD)

IETF RFC 5884 (2010Bidirectional Forwarding Detection (BFD) for
MPLS Label Switched Paths (LSPs)

IETF RFC 637(02011),MPLS TransporProfile (MPLSTP) Identifiers

IETF RFC 6374 (2011Racket Loss and Delay Measurement for MPLS
Networks

IETF RFC 6375 (20114 Packet Loss and Delay Measurement Profile for

MPLSBased Transport Networks

IETF RFC 64262011) MPLS OnDemand Connectivity Verification and
Route Tracing

IETF RFC 64272011) MPLS Fault Management Operations,
Administration, and Maintenance (OAM)

IETF RFC 64282011) Proactive Connectivity Véication, Continuity
Check and Remote Defect Indication for the MPLS Transport Profile

IETF RFC 6435 (2011)MPLS Transport Profile Lock Instruct and
Loopback Functionglus Errata3429 (2013gnd 4017 (2014)

IETF RFC6478 (2012, Pseudowire Status for Static Pseudowires

3.1 Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:

311
312
313
314
315

access point[ITU-T G.805]

adapted information: [ITU-T G.805]
associatedchannel header [ITU-T G.8101]
bottom of stack [ITU-T G.8101]
characteristic information: [ITU-T G.805]

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 2



3.16

317

318

319

3.1.10
3.1.11
3112
3.1.13
3114
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20
3121
3.1.22
3.1.23
3.1.24
3.1.25
3.1.26
3.1.27
3.1.28
3.1.29
3.1.30
3131
3132
3.1.33
3134
3135

3.2
None

4

SGlS'I'-DSZ-30/WP3
client/server relationship: [ITU-T G.805]
connection [ITU-T G.805]
connection point [ITU-T G.805]
explicitly TC-encodedPSC LSP, [ITU-T G.8101]
generic associated channg[ITU-T G.8101]
G-ACh label: [ITU-T G.8101]
label: [ITU-T G.8101]
label inferred PHB scheduling class LSP[ITU-T G.8101]
label stack [ITU-T G.8101]
label switched path [ITU-T G.8101]
label value [ITU-T G.8101]
layer network: [ITU-T G.805]
matrix: [ITU-T G.805]
MPLS label stack [ITU-T G.8101]
network: [ITU-T G.805]
network connection [ITU-T G.805]
per-hop behaviour. [ITU-T G.8101]
reference point [ITU-T G.805]
subnetwork: [ITU-T G.805]
subnetwork connection [ITU-T G.805]
termination connection point [ITU-T G.805]
time to live: [ITU-T G.8101]
traffic class: [ITU-T G.8101]
trail : [ITU-T G.805]
trail termination : [ITU-T G.805]
transport: [ITU-T G.805]
transport entity : [ITU-T G.805]
transport processing function [ITU-T G.805]
unidirectional connection [ITU-T G.805]
unidirectional trail : [ITU-T G.805]

Terms defined in this Recommendation

Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

Draft Rec. ITU-T G.8121.2Y.1381.2(2017)



AlS
APS
BFD
Ccccv
ccacv
CoS
CSF
Cv
Cw
DLM
DM
DSMap
EMF
FEC
G-ACh
GAL
GFP
ILM
LCK

LI

LKR
LM
LStack
MCC
MEG
MEP
MIP
MPLS
MPLS-TP
MT
MTDe
MTU
OAM
000
PDU

SGlS'I'-D42-30/WP3
Alarm Indication Signal
Automatic Protection Switching
Bidirectional Forwarding Detection
Continuity Check and Connectivity Verification
Continuity Checlor Connectivity Verification
Class of Service
Client Signal Fail
Connectivity Verification
Control Word
Direct Loss Measement
Delay Measurement
Downstream Mapping
Equipment Management Function
Forwarding Equivalence Class
Generic Associated Channel
G-ACh Label
Generic Framing Procedure
Inferred Loss Measurement
Locked
Lock Instruct
Lock Report
Loss Measurement
Label Stack
Maintenance Communication Channel
Maintenance Entity Group
Maintenance entity group End Point
Maintenance entity group Intermediate Point
Multi-Protocol LabeBwitching
Multi-Protocol Label Switching Transport Profile
Multi-Protocol Label Switching Transport Profile
MPLS-TP MEP Diagnostic function
Maximum Transmit Unit
Operation, Administration and Maintenance
Out Of Order
Protocol Data Unit

Draft Rec. ITU-T G.8121.2Y.1381.2(2017)
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PHB Per Hop Behaviour

PM Performance Monitoring
PW Pseud&Vire

QTF Queriefs Timestamp Format
RDI Remote Déect Indication
Req Request

Resp Response

RPTF Respondés Preferred Timestamp Format

RTF Respondés Timestamp Format
SCC Signalling Communication Channel
SQl Session Query Interval

SSF Server Signal Fail

TC Traffic Class

TS Timestamp

TSFmt Timestamp Format

TLV Type Length Value

TTL Time-To-Live

5 Conventions

The diagrammatic convention for connectamented layer networks described in this
Recommendation is that of [ITU G.805].

6 Supervision

6.1 Defects

6.1.1 Summary of entry/ exit conditions for defects

The defecentry andexit conditions are based on events. Occurrence or absence of specific events
may rase or reset specific defects.

The events used by thRecommendation are defined in Tabld 6f [ITU-T G.8121] The event
unexpPeriodhatis described in Table-& of [ITU-T G.8121]is out of scope of this Recommendation.

7 Informatio n flow across reference points

Information flow for MPLSTP functions is defined in clause 9. A generic description of information
flow is defined in clause @f [ITU-T G.804.

8 MPLS-TP processes

8.1 G-ACh process

In the case whereperation, administration and maintena(@&M) packets are encapsulated using
a generic associatedchannel (GACh), the G-ACh process is described inlatise 8.1 of

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 5
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[ITU-T G.8121] Encapsulation of OAM packets using IP/UDPather mechanisms fer further
study

8.2 TC/Label processes

Fortraffic class (TC)/Label processesge clause 8.ih [ITU-T G.8121]

8.3 Queuing process
See clause 8.8 [ITU-T G.8121]

8.4 MPLS-TP-specific GFRF processes
See clause 8. [ITU-T G.8121]

8.5 CW processes
For control word (CW) processegesclause 8.5 [ITU-T G.8121]

8.6 OAM related processes used bserver adaptation functions

8.6.1 Selectorprocess
See clause 8.6ih [ITU-T G.8121]

8.6.2 AIS Insert process

The alarm indicationsignal (AlS) Insertprocess generates MT_CI trafficitexcontaining the AIS
signal.MI_AIS_Period specifies the period between successive AIS messages, idsseetveen 1

and 20.MI_AIS_CoSspecifiesthe priority for AIS message®l_Local Dekct specifies whether

an alternative path is availakilghat is, it is set to true when either the server layer does not provide
any protection, or when both the working and protect paths have. fabl#sAIS Insertprocess
behaviour depends on the aAl@sequent action

NOTE T It is expected that MI_Local Defect can be set correctly byethugpment management function
(EMF) without explicit interaction by the end usefhe value can be pmomputed as described in
[IETF RFC6427].

The AIS Inserfprocess islescribed irclause 8.6.2n [ITU-T G.8121, and isshownin Figure 81.

D iPHB oPHB
«— MI GAL Enable
«— MI_AIS OAM_Tool
aAIS———»{ AlSinsert [«——— MI_AIS_ Period

[ 1]

D iPHB oPHB (G.8121.2-Y.1381.2(16)_F8-1

«——— MI_AIS CoS
¢——— MI_Local_Defect

Figure 817 AIS Insert process

Figure 8-2 defines the behaviour of the AIS Insprocess:

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 6
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D(D), iPHB(iPHB), _ D(D), iPHB(iPHB),
oPHB(oPHB) < aAIS(1) < faAIS < Timer < oPHB(oPHB) <
D(D), iPHB(iPHB), . D(D), iPHB(iPHB),
oPHB(oPHB) > Set(0, Timer) oPHB(oPHB)

| - L

A 4

OAM=AIS(MI_CSF_Period,
MI_Local Defect)
PHB=PHB(MI_AIS CoS)

v

D(OAM),
iPHB(MI_AIS_CoS),
oPHB(MI_AIS_CoS)

Set(MI_AIS_Period, Timer)

(G.8121.2-Y.1381.2(16)_F8-2

Figure 8271 AIS Insert behaviour

The AIS function creates an AIS frame, by first creating an gkt&ocol data uni(PDU), and then
encapsulating it in a<@Ch and, depending on MI_GAIEnable, &-ACh label(GAL), as described
in clause 8.1of [ITU-T G.8121] It then inserts itnto the dta traffic streamTheper hop behaviour
(PHB)(CoS) function returns the PHB with the lowest drop precedence withiclab® ofservice
(CoS)defined by theCoSinput parameter.

The AISPDU is created according to the format describdtEmF RFC 642T. The fields are filled
in follows:

Vers: setto 1
Reserved: set tg 0
Messageaype: set to AlS

Flags:the L flag is set tol if MI_Local_Defect is ftue, and is otherwise set to O.
Theremaining flags are set t¢ 0

Refreshtimer: set to MI_AIS Period
Totaltype length valu¢TLV) length: set to O

Inclusion of the IF_ID and Global_ID TLVs fer further study

The PHB(CoS) function returns the PHB with the lowest drop precedence witltiaskeofservice
defined by theCoSinput parameter.

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 7
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8.6.3 LCK Generation process

Thelocked(LCK) Generatiorprocess generates MT_ClI traffic units containing the Lock sjigeal
containinglock report LKR) messagesMl_LCK_Period specifies the period between successive
LKR messagesn seconds between 1 and R0. LCK _CoSspecifies the priority for LKR messages.

NOTET IETFuses'LKR" (lockreport) equivalently to the IT use of'LCK".
The LCK Generatiorprocessis described irclause 8.6.3f [ITU-T G.8121]and its behaviouis

shownin Figure 83.

Set(0, Timer)

( LCK Generate )

¥

Timer

!

OAM=LCK(MI_LCK_Period),
PHB=PHB(MI_LCK CoS)

!

D(OAM),
iPHB(PHB),
oPHB(PHB)

Set(MI LCK Period, Timer)

]

G.8121.2-Y.1381.2(16)_F8-3

Figure 837 LCK Generationbehaviour

The LKR function creates an LKR frame, by first creating an LKR PDU, and then encapsulating it in
a GACh and, depending on MI_GAL_Enable, a GAL, as describethuse 8.1of [ITU-T G.8121]

The LKR PDU is created according to the format describeEilH RFC6427] The fields are filled
in as follows:

| Vers:setto 1

T Reserved: set tg 0

| Messageype: set to LKR

| Flags: setto

T Refreshtimer: set to MlI_LCK_Period

T Total TLV length: set to O

Inclusion of the IF_ID and Global_ID TLVs fer further study

The PHB(CoS) function returns the PHB with the lowest drop precedence witltiashefservice
defined by theCoSinput parameter.

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 8
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8.7 OAM related processes used by adaptain functions

8.7.1 MCC/SCC mappinginsert and de-mapping process

For maintenance communication chan@dICC)/signalling communication channel (SCC)
information,see clause 8.7.i0 [ITU-T G.8121]

8.7.2 APSinsertand extract process
Forautomatigprotection switchindAPS) informationsee clause 8.7.2 in [ITO G.8121]
8.7.3 CSFinsertandextractprocess

To support CSF, PW OAM Status Messages as described in dlaugel.5and 8.9 of [ITU-T
G.8113.2] are usedhe CSF procedures that are executed in CSF insert and extract process use the
static PW status signalling mechanism as specified in [IETF 64@].

Clause8.7.3 of [ITU-T G.8121] provides an overview of the generic processes that support the CSF
OAM function.

8.7.3.1 CSFinsertprocess
The CSF Insert process is located and symbolized as specified in 8.7.3.1-Gf 3T8121].

If any of the aC8-RDI, aCSFFDI or aCSFLOS signals are set true or reset to false, the CSF insert
process generates MT_CI traffic units (with PHB per MI_CSF_OAM_CoS) where the MT_CI_D
signal contains the CSF signal. The generated CSF traffic units are PW OAM Statugddessa
transmitted as specified in the part of section 5.3 in [IETF RFC 6478] that describes the immediate
transmission of a PW OAM message containing a PW status TLV (per 5.2 of [IETF RFC 6478)), the
Status Code in this TLV corresponding to the triggering Gignal per Table-8.

CSF signal Status Code
aCSFRDI | Local Attachment Circuit Transmit Fauli
aCSFFDI | Local Attachment Circuit Receive Fault

aCSFLOS | Local Attachment Circuit Receive Fault
Local Attachment Circuit Transmit Fauli

Table 8-1/G.8121.2/Y.1381.2 Status Code per triggering CSF signal

A generated CSF traffic unit is inserted in the incoming stream, i.e., the output stream contains the
(transparently forwarded) incoming traffic units and the generated CSF traffic unit eateghsua

G-ACh traffic unit as described in clause 8.1 of [FITUG.8121]. A nordefault refresh timer value

(see [IETF RFC 6478]) can be set by the MI_CSF_OAM_Period parameter. MI_GAL_Enable is set
false (i.e. not used) as default.

8.7.3.2 CSFextract process

The CSF Extract process is located, extracts MT_Al_CSF and is symbolized as specified in 8.7.3.2
of [ITU-T G.8121].

The MT_AIl_CSF is the CSF specific information corresponding to the processing by the function
CSF(D) of received CSF traffic unit&ll other traffic units are transparently forwarded.

The criterion for filtering is based on the value of the following field within the MT_CI_D signal:

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 9
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| OAM type that is defined in the channel type 6AGh indicates PW OAM Message (per
5.1 of [ITU-T RFC 6478]).

This behaviour is illustrated in Figure4d The function CSF(D) processes the received CSF traffic
unit (a PW OAM Status Message) as specified in the part of section 5.3 in [IETF RFC 6478] that
describes the reception of a PW OAM message contpim PW status TLV. The result of this
processing is a Status Code or a null value from which the CSF specific information is derived per
Table 81. The result of this processing may be subsequently updated independently of the reception
of another CSF #ffic unit and through the use of the refresh timer as described in section 5.3 of
[ITU-T RFC 6478]: this may result in updated CSF specific information.

NOTET The GACh process is carried out as defined in clause 8.1. The CSF traffic unitin MT_CI_D
is forwarded to the CSF Extract process.

( CSF Extract )

|

\/

D(D), PHB(PHB) <

D(D), PHB(PHB) >

CSF(CSF(D)) >
|

Figure 8-4/G.8121.2/Y.1381.2 CSF Extract behaviour

8.8 Proactive and ondemand OAM related processes

As described irclause 8.80f [ITU-T G.8121] there are 6 processes fmoactive and owlemand
OAM:

T ProactiveOAM Source Contrgl

T Proactive OAM SinkControt

| Ondemand OAM Source Conttol

T Ondemand OAM Sink Control

| OAM PDU Generation

| OAM PDU Reception

Each of these consists of a number of protepacific subprocesses, as described in
[ITU-T G.8121] Appendix | provideshe tablethatindicatestherelationship between processes and

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 10
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subprocesseand indicates where these (sjinocesses are implemeniadhe termination functions
(MT_TT, MTDe_TT, and MTDi_TT).

The OAM Muxsub-process is regmsible for multiplexing together (PDtime-to-live (TTL), PHB)
signals from other suprocesses, and passing them to thRA@h Insertion process along withe
appropriatechanneltype. Similarly, the OAM Demux sulprocess receives (PDU, PHBDel stack
(LStack, channeltype) signals from the ACh Extraction process, and passes on the (PDU, PHB,
LStack) signals to the other spbocesses as appropriate depending octthaneltype.

The following clauses describe the other-pubcesses listemh Apperdix I. They are organised by
function .g., continuity check andconnectivity verification (CCCV), on-demandconnectivity
verification (CV)), with all of the sukprocesses relevant to a particular function described together.

8.8.1 CC/CV processes

An overview of thecontinuity check or connectivity verification (CC/CV) processes is shown in
Figure8-4 below:

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 11
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MEP MEP
MT €I l G-ACh MT_CI > G-ACh » MT CI
- Insertion Extraction -
TPDU, PHB, Channel Type lPDU. PHB, Channel Type
OAM Mux OAM Demux
BFD-CC BFD-CV BFD-CC BFD-CV
3
MI_CC_OAM_Tool PDU, PHB PDU, PHB PDU, PHB PDU, PHB m%iggfoci\mﬁ’r?m]
MI_RDI_OAM_Tool r — - _RDI_OAM_Too
MI_CC_Enable[i] BFD-CC BFD-CV BFD-CC BFD-CV llt}%gr\_}ﬁln‘abh[.{]_J
MI_CVp_Enable[i] Session Y p_Enable[i]
MI CCCV_ Mode[i] ———p ccev Demux — MLCC‘C ViMlodc[l]
MI_MEP IDJ[i] Generation MI_MEP_ID[i]
MI Local Discr[i] BFD-CC BFD-CV MI_Local Discr[i]
"MI_CC_Period = MI_CC_Period
e 3 MI_CC_CoS[i]
MI_CC_Co3[i) RI_CCCV_Params(State, Diag, TxIntl, rDiscr) PDU, PHB PDU, PHB
MI_CC_OAM_Tool ! BFD-CC BFD-CY MI_CC_OAM Tool
MI_RDI_OAM_Tool unexpMEP m:_glc?li()ﬁ‘l\lﬂ_ffool
MI_CC_Enable[i] unexpMEG MI CVp :]rdwcx[‘d'
MI_CVp_Enable[i] P unexpCoS MI ((‘(‘E‘V ”‘;:I“;[‘[
MI_CCCY_Mode[i] expCC-V MI Rer ’M{r)pclllr]) i
MI_RemoteMEP_ID[i] ———p| RDI ccey l—— MI_ ‘cimotc_ “P_ID[i]
MI_CC_Period ccev R . MI_CC_Period
MI_Remote_Discr[i] Reception unexpMEP eception m: (R‘E!ngtcgl?mcr[l]
MI_CC_CoS§l[i] unexpMEG MI GetS '3(‘[(1],
MI_GetSvdCC[i] unexpCoS €——— _GetSv [i]
MI_SvdCC 4— expCC-V —» MI_SvdCC
~ RDI
LDI_LKR —— prp.cC BFD-CV i _47 LDI LKR
RI_CCCV_Params(State, Diag, TxIntl, rDiscr)
PDU, PHB PDU, PHB .
BFD-CC BFD-CV
P Session CCC‘{
MI Local Diser[i] ——» Demux Generation le—— MI_Local_Discr[i]
BFD-CC BFD-CV BFD-CC BFD-CV_
PDU, PHBT Tpnu, PHB PDU, PHBl iPDU. PHB
BFD-CC BFD-CV
OAM Mux
OAM Mux
BFD-CC BFD-CV
TPDU, PHB, Channel Type lPDU‘ PHB, Channel Type
\ MT C1
MT_Cl ¢——| G-ACh « - G-ACh l——— MT CI
Extraction Insertion

G.8121.2-Y.1381.2(16)-Cor.1(16)_F8-4

Figure 841 Overview of CC/CV processes

The CCCV Reception process controls th@evation of the CCCV protocolt operateswhen
MI_CC_Enableand MI_CVp_Enableare TRUE, accordig to the value of MI_CCCV_Mode.
MI_CCCV_Mode takes one of the following values:

I COORD i Coordinated mode; operate a single-otdinated bidirectional forwarding
detection BFD) session

| SRCIi Independensource; operate as the sourmaintenance entity group (MEG) end point
(MEP) in an independent BFD session

T SINK'T Independensink; operate as the sink MEP in an independent BFD session

NOTET [IETF RFC 6428] defines two modes for bigttional LSPs operatiomnge., Coordinated mode and
Independent mode. In independent mode, separate sessions are used for each direction and a given MEP
operates as the source for one sessiorttandink for the other sessiohhus, there are three pddge values

for MI_CCCV_Mode as shown above.

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 12
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Multiple instances of the CCCReception process may be created for multiple BFD sessions; when
operating in independent mode, it is expected that a pair of instances are created, one acting as the
source and anas the sink.

MI_CC_Period specifies the desired period between successive-CBFDmessages, and
MI_PeerMEP_ID specifies the MEP ID value to expect in received messages, in one of the formats
described inl[ETF RFC6428].

The CCCV Generation process sendgeriodic BFDCC and BFDCV messags, when
MI_CC_Enable is TRUEvhen MI_CC_Enabland MI_CVp_Enable ar€RUE. There is a separate
instance of the process for each corresponding instaficehe CCCV Reception process.
MI_MEP_ID and MI_Local _Discr specifyhe local MEP ID(in oneof the formats described in
[IETF RFC 6428])and session discriminator values to send in the packets.

The Session Demux process demultiplexes received8ERxnd BFBCV messages to the correct
instance of the CCCV reception procesased on th&Your Discriminatof field in the received
BFD-CC or BFDCV packet.Demultiplexing of received packets where tieur Discriminatof’
field is O isfor further study

8.8.1.1 CCCV Receptionprocess

The CCCV Receptionprocess controls theoperation of the BFD protocol, according to
MI_CC_EnableMI_CVp_EnableandMI_CCCV_Mode Multiple instances of the CCCV Reception
process can be instantiatéhch one has a corresponding instance of the CCCV Gengraiaass;
the contents and periddr sending CCCV packets are controlled via the RI_CCCV_Pashas(
diag, TX-interval,your-discriminatoj signal.

The CCCV Receptioprocess is described Figure 85a Figure 85b, and Figure &c. In Disabled

state, all received BFCC and BFDCV padets are discarded and no packets are sefinabled

state, received BHZC packets are processed, and received-BMpackets are processed when

the BFD state machine is UBFD-CC and BFDCV packets are sent, except if the process is
operating in SINKmode. When MI_CC_Enablednd MI_CVp_Enable arget to FALSEthe process
moves to Disabling state so that the ADMIN_DOWN diagnostic code can be signalled to the peer
MEP. The process stays in Disabling state for three times the transmit interval, neforey to
Disabled stateln Disabling state, BFECC packets are sent, but received BED and BFBCV
packets are used only for updating the timer.
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ccev
Reception

Local State = ADMINDOWN
Local_Diag = NOERROR
YourDiscr = 0

DetectTime = 0

TxIntl =0

SvdCC =NULL

RI_CCCV_Params(
Local_State, Local Diag, TxIntl, YourDiscr)

ol

Disabled
BFD-CC PDU(OAM) BFD-CV PDU(OAM) MI_CC_Enable
LDL.LER < BFD-CC PHB(PHB) < BFD-CV PHB(PHB) LDLEER MI_CVp_Enable

MI_SvdCC(SvdCC)

Figure 8-5a1 CCCV Receptionprocess

G.8121.2-Y.1381.2(16)-Cor.1(16)_F8-5a
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Local State = DOWN

Local_Diag = NOERROR

YourDiser = 0

DetectTime = 0

if (MI_CCCV_Mode = SINK):
TxIntl=1s

else:
TxIntl = max(MI_CC_Period, 1 s)

»l

o
RI CCCV Params(Local State, Local Diag, TxIntl, YourDiser) >

Enabled

YourDiscr = MyDiscr(OAM)

BFD-CC PDD(OAM) BFD-CV PDU(OAM) | LDI_LKR | Timer IMI_CC_Enable
BFD-CC PHB(PHB) BFD-CV PHB(PHB) 'MI_CVp_Enable
h 4
UpdateState(OAM) | UpdateTimes(OAM) ‘ K
UidateTimcs(OAM) P if (MI_CCCV_Mode |= SRC || C

Local State | = UP):
SetDown(PATH_DOWN)

PHB =
MI_CC_CoS?

Local_State = UP &&
State(OAM) = UP &&
MyDiscr(OAM) = YourDiscr?

N

MEPID(OAM) =
MI_PeerMEP_ID?

yDiscr(OAM) =
MI_Remote_ Discr?

¥ | SetDown(MISMERGE) ‘

SVdCC = OAM
PHB =

MI CC CoS?

A 4

DetectTime = 0
SetDown(TIMEOUT)

Diag(OAM) = TIMEOUT ||
Diag(OAM) = PATH_DOWN ||
Diag(OAM) = MISMERGE

if (DetectTime !=0):
Set(Timer, DetectTime)

(G.8121.2-Y.1381.2(16)-Cor.1(16)_F8-5b
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Figure 8-5b 7 CCCV Receptionprocess

5

Local State = ADMINDOWN

Local Diag = ADMINDOWN

DetectTime = 0

if (MI_CCCV_Mode = SINK):
TxIntl=1s

Set(Timer, 3 x TxIntl)

»!
v

RI_CCCV_Params(Local_State,
Local Diag, TxIntl, YourDiscr)

Disabling

¢ A 4 ¢ * ¢
BFD-CC PDU(OAM) BFD-CV PDU(OAM) LDI LKR Time MI_CC_Enable
BFD-CC PHB(PHB) BFD-CV PHB(PHB) - mer MI CVp Enable

I I l l

v

Old_TxIntl = TxIntl TxIntl = Reset(Timer)
UpdateTimes(OAM)

if (TxIntl > Old_ TxIntl):
Set(Timer, 3 x TxIntl)

G.8121.2-Y.1381.2(16)-Cor.1(16)_F8-5¢

Figure 8-5ci CCCV Receptionprocess

The values of State and Diag correspond with thosk=ilH RFC5880] and [ETF RFC6428].

The functions 'SetDowny 'UpdateState and 'UpdateTimes are described by the following
pseudocode:

SetDown(new_diag) {
if (Local_State '=D OWN) {

Local_State = DOWN

if (Local_Diag != PATH_DOWN || new_diag '= TIMEOUT) {
Local_Diag = new_diag

}

if (MI_CCCV_Mode = SINK) {
TxIntl =

UpdateState(OAM) {
if (State(OAM) = ADMINDOWN) {
SetDown(NBR_DOWN)

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 16
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}else {
if (Local_State = DOWN) {
if (State(OAM) = DOWN) {
Local_State = INIT
Local_Diag = NOERROR
} else if (State(OAM) = INIT ||
(MI_CCCV_Mode = SINK && State(OAM) = UP)) {
Local_State = UP
Local_Diag = NOERROR
}
} else if (Local_State = INIT) {
if (State(OAM) = INIT || State(OAM) = UP) {
Local_State = UP
Local_Diag = NOERROR
}
}else {
// Local_State must be UP
if (state(OAM) = DOWN && M _CCCV_Mode = SRC) {
SetDown(NBR_DOWN)

UpdateTimes(OAM) {
if (MI_CCCV_Mode = SRC) {
DetectTime =0
}else {
DetectTime = 3 x max(MIl_CC_Period, DesiredMinTxInterval(OAM))
}
if (MI_CCCV_Mode = SINK) {
if (Stat e(OAM) I= LocalState) {

TxIntl = 1s
}else {
TxIntl=0
}
}else {
TxIntl = max(MI_CC_Period, RequiredMinRxInterval(OAM))

Draft Rec. ITU-T G.8121.2Y.1381.2(2017)
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Use of authentication for CC/CV fer further study

Use of the BFD Poll/Final mechanism for changing the value of TxIfdl ®irther study

8.8.1.2 CCCV Generation process

The CCCV Generatiorprocess is responsible for generating BED and BFDCV packets,
according to the parameters set by the corredipgn CCCV Receptionprocess in the
RI_CCCV_Params(state, diag, {JiMterval, your-discriminator) signal. When the TXinterval
(TxIntl) is set to 0, no BFECC or BFDCV packets are generatédtherwise, BFBCC packets are
generated at the specified intenaid BFDCV packets are generated if the state is up, at an interval

of 1s.

The CCCV Generatioprocess is described Figure 86.

CcCceyv
Generation

State = ADMINDOWN
Diag = NOERROR
TxIntl =0

YourDiscr = 0

»l

ccev
Generate

v

RI_CCCV_Params(new_state, new_diag, new_intl, new_discr)

new_state = State &&
new_diag = Diag &&

new_intl = TxInt] &&
new_discr = YourDiscr?

State = new_state
Diag = new _diag
TxIntl = new_intl
YourDiscr = new_discr

Reset(CC Timer)
Reset(CV_Timer)

CV Timer

OAM = BFD_CC(State, Diag, YourDiscr)
PHB = PHB(MI_CC_CoS)

OAM = BFD_CV(State, Diag, YourDiscr)
PHB = PHB(MI_CC_CoS)

Set(CC_Timer, TxIntl)

Set(CC Timer, TxIntl)

If (State = UP):
Set(CV_Timer, 1s)

else:
Reset(CV_Timer)

|

y v
PDU(OAM), PHB(PHB) > PDU(OAM), PHB(PHB) >
v v

Set(CV_Timer, 1s)

Figure 8617 CCCV Generation process

(G.8121.2-Y.1381.2(16)_F8-6

The BFD_CC function creates a BFD control packet according to the format desaribed
[IETF RFC5880].The fields are filled in as follows:

T Vers: setto 1

Draft Rec. ITU-T G.8121.2Y.1381.2(2017)
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| Diag: set to the value of Diag
T Sta: set to the value of State
| P, F, A D, M flags: set to;0
| C flag: set appropriately dependent on the implementation
T Detect Mult: seto 3,
| Length: setto 24
| My Discriminator: set to MI_Local Dis¢r
T Your Discriminator: set to YourDisgr

| Desired Min Tx Interval: set to 0 if MI_CCCV_Mode is SINK, otherwise set to
MI_CC_Period

T Required Min Rx Interval: set to 0 if MI_CCCV_Modes iSRC, otherwise set to
MI_CC_Period

T Required Min Echo Rx Interval: setto O
No Authentication Section is addddse of Authentication ior further study

The BFD_CV function creates a BFD control packet in the same way as the BFD_CC function, and
then appends a MEP Source ID TLV as describedBfH RFC 6428], containing the value of
MI_MEP_ID.

The PHB(CoS) function returns the PHB with the lowest drop precedence withaledseofservice
defined by theCoSinput parameter.

8.8.1.3 Session Demx process

The SessiorDemux process receives BRDC and BFBCV packets from the OAM Demux process.
It performs the following checks on the packet:

| If the version number is not 1, the packet is discarded

T If the length is less than 24, the packet isalided

T If the Detect Mult field is O, the packet is discarged

| If any of the P, F, A, D, or M flags are set, the packet is discarded

T If the My Discriminator field is O, the packet is discarded

T If the Required Min Echo Rx Interval is not O, {hecket is discarded

| If the Your Discriminator field is 0 and the State is not DOWN or ADMINDOWN, the packet
is discarded

| If the Your Discriminator field is not 0 and no corresponding session can be found based on
MI_Local_Discr[], the packet is disoded.

If the checks pass, the packet is passed to the instance of the CCCV Reception process whose
MI_Local Discr is equal to the Your Discriminator fieRlackets received on the BREC port from

the OAM Demux process are passed on to the -BEDport in he CCCV Reception process, and
packets received on the BFOV port from the OAM Demux process are passed on to the %D

port in the CCCV Reception process.

Selection of the correct CCCV Reception process when the Your Discriminator fieldas fuisher
study

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 19
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As described ifIETF RFC 6428] RDI is communicated by the BRilagnostic field in CC messages,

See clause 8.8.1

8.8.3 On-demand CV processes

An overview of the Ordemand C\fprocesses is shown éiigure 87.

MEP MIP MEP
MT CI > G-A(__'h G-AC_h G-AC_h » MT CI
- Insertion Extraction Extraction -

PDU, PHB, TTL, Channel Tych

OAM Mux

PDU, PHB, TTLT

On-demand CV
Request
Generation

A

LSPPing Rq (Session ID, Seq,
validateFEC, ValidateReverse, CoS, Size,
TargetFECStack, DSMap, TTL)

MI_CV_OAM_Tool

MI_CV_Series(Session_ID,
Count, Period, CoS, Size, —

ValidateFEC, ValidateReverse,

TargetFECStack)

MI_CV_Series Result
(Session_ID, Rev, 000, ¢—
FWErr, BWErr)

MI_CV_Trace (Session_ID,
CoS, ValidateFEC,
ValidateReverse,
TargetFECStack)

—>»

On-demand CV
Control
MI CV Trace Result
(Session_ID, Result)
MI_CV_FWErr(Session_ID,
Seq. RC, SubRC, EnrTLV)
MI_CV_BWErr(Session_ID,
Seq, RC, SubRC, ErrTLV)

<

M1 FEC Checking
MI_Ifnum <—
MI_MTU

RI_rLSPPing_Rsp(OAM, PHB, LSlack)T

lPDU, PHB, LStack, Channel Type

OAM Demux

lPDU. PHB, LStack

On-demand CV
Reception

PDU, PHB, LStack

h 4

MIP "¢—— MI_FEC_Checking

On-demand
CV Responder

RI1_LSPPing_Rsp(OAM, PHB,
RC, SubRC, Err_TLV,
include_ifstack,

LStack,

Include dsmap,
ingress_Ifnum,
egress_Ifnum,
ds_Istack)

h 4

lPDU, PHB, LStack, Channel Type

OAM Demux

lPDU, PHB, LStack

On-demand CV
Reception

PDU, PHB, LStack

h 4

MEP [¢—— MI_FEC_Checking

On-demand
CV Responder

RI_LSPPing Rsp(OAM, PHB,
RC, SubRC, Err TLV,
include_ifstack,

LStack,

Include dsmap (FALSE),
ingress_Ifnum (0),
egress_Ifnum (0),
ds_lIstack(NULL))

Y

On-demand CV
Reception

PDU, PHB,

LStackT

OAM Demux

PDU, PHB, LStack, Channel TypeT

MT Cl ¢——|

G-ACh |

On-demand CV

MI Target FEC

On-demand CV

MI Target FEC

Response ¢—— MI_Ifnum
Generation MI_MTU
lPDU. PHB

OAM Demux

lPDU, PHB, Channel Type

Extraction

G-ACh |4

Response l¢—— MI_Ifnum
Generation MI_MTU
lPDU, PHB
OAM Mux

lPDU, PHB, Channel Type

Insertion

G-ACh
Insertion

l«—— MT CI

Figure 871 Overview of the Ondemand CV processes

G.8121.2-Y.1381.2(16)_F8-7

The Ondemand CV protocol is controlled by the -@amand CV Control proces&8n ondemand
session starts when the MI_CV_SerigSession_ID,count period, CoS,size, ValidateFEC,
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ValidateRevese, TargetFECStagk or MI_CV_Trace (Session ID, CoS, ValidateFEC,
ValidateRevese, TargetFECStaglsignal is calledMultiple instances of the Gdemand CV Control
process can be used to run multiple-demand CV sessions concurrently, provided each instance
has a different session ID.

The Ondemand CV Control process sends LSPPatgiest packets via the @emand CV Request
Generationprocess, and receives LSPPirgsponses via the @femand CV Reception process.
Received responses may be checked for eifoexjuested in the MI_CV_Seri€sor MI_CV_Trace

() signal.

The Ondemand CV Control process reports errors in the forward direction via the
MI_CV_FWErr(Session_ID, Seq, RC, SubRC, ErrTL&/gnal, and in the backward direction via the
MI_CV_BWErr (Session_ID, Seq, RC, SubRC, ErTL¥ignal. Results are reported via the
MI_CV_Series_Result (Session_ID, RBv, out of order QOO), FWEr, BWEr) and
MI_CV_Trace_Resul{Session_ID, Resylsignals.

The MEP Ondemand CV Responder aMEG intermediate poiniMIP) On-demand CV Responder
processes are responsible for checking received LSP&gogsts for errors, and sending responses
via the Ordemand CV Response Generation process.

The Ondemand CV Request Generation and-d@mand CV Response Generation psses
generate LSPPing request and response packets in conformancelEANiEh RFC4379] and
[IETF RFC6426].

The MEP Orndemand CV Responder, MIP @emand CV Responder, and-@@amand CV Control
processes all perform similar steps to check received pdoketgors.This checking uses the copy
of the original label stack that is carried as part of the MTT8ik common validation is described
further below, followed by descriptions of each of thed®@mand CV processes.

8.8.3.1 Commonvalidation

In the decription below, label stacks afofwarding equivalence clasBEC) stacks are denoted as
arrays (Stack[]), where:

T Stack[1] is the bottom (innermost) label/FEC

| Stack[Count(Stack)] is the top (outermost) label/FFEC

| Stack]0] is invalid

Count(Stack)yeturns the number of labels or FECs in the stack.

The validation is described by the following pseudocddhe. values assigned to 'ece as described
in [IETF RFC4379].

CV_Validate (OAM,  3[], FECStack[], MP_Type) {

rc=0

sub rc=0
err_TLV = NULL
done = FALSE

include_ifstack = FALSE
include_dsmap = FALSE
Idepth =0

LStack = LStack_in

if (malformed(OAM)) {

rc=1
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done = TRUE
} else if (OAM contains TLVs with types 4, 6, 8 or 10 - 32767){
rc=2
err_TLV = make_err_TLV(bad TLVS)
done = TRUE
}else {
if (LStack[1] = GAL) {
remove_GAL_from_LStack()
}
Idepth = count(LStack)
while (Idone && Idepth> 0) {
if (label_known(LStack[ldepth])) {

rc=11
sub_rc = Idepth
done = TRUE
}
Idepth --
}
}
if (MP_Type = MEP) {
if ('done) {
FECdepth =1
L = IMPLICIT_NULL
rc=3
sub rc=1

if (DSMAP(OAM) != NULL && Ingress_Ifnum(DSMAP(OAM)) != 0) {
if (DownstreamLabels(DSMAP(OAM)) != LStack) {

rc=5
include_ifstack = TRUE
done = TRUE

}
while (Idone) {
(FECstatus, FECrc) = checkFEC(FECStack[FECdepth], L)
rc = FECrc
sub_rc=  FECdepth
if (FECstatus = 1) {
done = TRUE

}else{
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FECdepth++
if (FECdepth > count(FECStack)) {
done = TRUE

}
if ('done) {
if (FECstatus = 0) {
Idepth++
if Ide  pth > count(LStack)) {
done = TRUE
}else {
L = LStack[ldepth]

}

}else {
/I MP_Type = MIP
if ('done) {
rc=8
sub rc=1
if (DSMAP(OAM) != NULL) {
if  (Ingress_lfnum(DSMAP(OAM)) = 0) {
rc=6
include_ifstack = TRUE
}else {
if (DownstreamLabels(DSMAP(OAM)) != LStack) {
rc=5
include_ifstack = TRUE
done = TRUE

}
if (done) {
Egress_Ifnum = get_egress_interface()
if (Egress_Ifnum = 0) {
rc=9
done = TRUE
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}
if (done) {
if (DSMAP(OAM) = NULL) {
include_dsmap = TRUE
}else {
done = TRUE

}
if ('done) {
if (V(OAM) == 0 && MI_FEC_Checking = 0) {
done = TRUE

}
if (done) {
FECdepth =0
i=1
while (i > 0) {
FECdepth++
if (DownstreamLabels(DSMAP(OAM))[FECdepth] != IMPLICIT_NULL) {

}
if (count(FECStack) >= FECdepth) {

(FECstatus, FECrc) = checkFEC(FECStack[FECdepth], LStack[1])
if (FECstatus = 2) {

rc=10
} else if (FECstatus = 1) {

rc = FECrc

sub_rc = FECdepth

}

return(rc, sub_rc, err_TLV, include_ifstack, include_dsmap)
}
The utility functions used in the pseudocode above are described below:

| malformed(OAM) checks that the packet is in accordance with the format described in
[IETF RFC4379] and [ETF RFC6426].1t also checks that:

T Ifthe packet is a request, it contains a Target FEC Stack TLV
T Ifthe packet is a reply and the R flag is seatpititains a Reverse Target FEC Stack TLV

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 24



-25-
SG15TD230/WP3

I The Target FEC Stack or Reverse Target FEC Stack TLVs contain ontypm#Static
LSP, 'Static Pseudowit@nd'Nil FEC'. Use of other subtypes af@r further study

T If the packet contains downstreammapgng (DSMap)TLV, the address type Islon
IP'. Use of other address typedas further study

T make_err_TLV(TLVS) creates dirrored TLVS TLV according to [ETF RFC4379] and
copies the bad TLVs into;it

| remove_GAL_from_LStack removes the GAL frahe bottom of the label stack, so that
LStack[1] now refers to the label that immediately preceded the; GAL

| label _knownlfabel) checks whether thabel value is known and can be processed

T checkFEC(FEClabel) implements the FEC checking procedure risst in
[IETF RFC4379] section 4.4;1

T get_egress_interface() retuthe IF_NUM (as defined inETF RFC 6370]) of the interface
over which the packet would be forwarded, if the TTL was high enough, or 0 if no such
interface was found or it is not MPL&habled.

8.8.3.2 On-demand CV Control process
The Ondemand CV Control process operates the LSPBmgemand CV protocol.

An LSPPing session is started by the MI_CV_Se8es6ion_ID,count period, CoS,size,
ValidateFEC, ValidateRevsg, TargetFECStaglor MI_CV_TraceSession _IDCoS, ValidateFEC,
ValidateRevese, TargetFECStaglsignalsin either case, session ID is supplied; multiple instances
of the Ondemand CV Control process can be created, provided each has ases®&jaa ID.

The Target FECStack to be checked by the peer device is specified in the MI_CV_Series() or
MI_CV_Trace() signalOther mechanisms for deriving the Target FEC Stack, for example if dynamic
signalling protocols are in use, afer further study The Target FEC Stack pasisen the
MI_CV_Series() or MI_CV_Trace() signals must only contain FECs with subtgiasc LSP,
‘Static Pseudowiter 'Nil FEC'.

Results are reported by the @amand CV Control process using the MI_CV_Series_Result

(Session_ID, Bv, OO0, FWErr, BWEIy or MI_ODCV_Trace_Resulession_ID, Resylisignals

when the session ends.

The parameters are as follows:

| Session_IDthe session ID gssed to MI_CV_Series() or MCV_Trace()

| Rcv: number of responses received

| OO0O:number of responses that wernat of order

| FWErr: number of responses in which forward errars. (from control toresponder) were
indicated

T BWE'rr: number of responses in which backward erroes, from responder t@gontrol) were
indicated

| Result: array of results correspoling to received responses; each element contains the
sequencenumber, return code, return subcode,downstreammapping TLV (if any) and
interface andabelstack TLV (if any) extracted from the corresponding response.

In addition, any errors detectedhile the session is running are reported by using the
MI_CV_FWErr(Session_ID, Seq, RC, SubRC, ErrTLsignal (for errors in theontrokto-responder
direction) or MI_CV_BWErrSession_ID, Seq, RC, SubRC, ErrTL¥ignal (for errors on the
respondetto-control direction).These signals include the session ID passed to MI_CV_Series() or
MI_ODCV_Trace(), and thesequencenumber, return code, return subcode, and Errored TLVs
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extracted from the response that contained the exiate that errors in theespondeto-control
direction are only detected if ValidateReverse is set to TRUE in the MI_CV_Series() or
MI_CV_Trace() signal.

The behaviour of the Gdemand CV Contragource and singrocesssis shown in the figures below
Figure 88ais for source procesand Figures8b, 8cand 8d are for sink proceds. PingRunning
state, the process sends LSPReguests periodically, and handles any received replies by counting
them and checking for any errots.TraceRunning state, an initial LSPPmagjuest is sentith TTL

1, so that it is intercepted by the first MIP (or MEP) reachi¢lden a response is received, it is first
checked for any error3hen, if the response was from a MIE.(iit contains a DSMap TLV), the
TTL is incremented and a new LSPPing request is sarementing the TTL ensures the request is
intercepted by the next MIP (or MER).no response is receivethreeattempts are made to resend
the request, before givingp and reporting any results collected so far.

CV Control
V:)

Waiting

A 4 ¢

MI_CV_Series(Session_ID, Count, Period, CoS,
Size, ValidateFEC, ValidateReverse,
TargetFECStack)

O O

(G.8121.2-Y.1381.2(16)_F8-8a

MI_CV_Trace(Session_ID, CoS, ValidateFEC,
ValidateReverse, TargetFECStack)

Figure 8-8ai On-demand CV Control Sourceprocess
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Seq = random()
Exp_Seq = Seq
Set(Timer, 0)

RCV =000 = FWErr = BWErr = 0

PingRunning

v

SequenceNumber(OAM)
1=Exp_Seq

Exp_Seq=

SequenceNumber(OAM)

LSPPing Rq(Session_ID, Seq,
ValidateFEC, ValidateReverse,
CoS, Size, TargetFECStack,
NULL, 255)

CV_Check_Reply(OAM, LStack)

v
Seq ++
Count — —
if (Count = 0)
Set(Timer, 5s)
else:
Set(Timer, Period)

A 4

MI_CV_Series_Result(Session_ID,
RCV, 000,
FWErr, BWErr),

G.8121.2-Y.1381.2(16)_F8-8b

Figure 8-8bi On-demand CV Control Sink process
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TTL=1

Seq = random{}

Attempts = 3

DSMap = make_DSMap(0, 0, NULL)
Results = {}

Set(Timer, 0)

>

TraceRouting

v

RI_rLSPPing Rsp(OAM, PHB, LStack) <

Attempts = 07

SequenceNumber(OAM) = Seq?

LSPPing_Rq(Session_ID, Seq,
CV_Check_Reply ValidateFEC, ValidateReverse}
(OAM, LStack) CoS, 0, TargetFECStack,
DSMap, TTL)
y !
Results = Results + {(SequenceNumber(QOAM), e
RetumCode(OAM), ’;‘;:‘("ITT:E:;; »
SubRC(OAM), DSMap(OAM), ’
IfStack(OAM))} |

DSMap(OAM) =
NULL?

A 4
TTL ++ i ]

Seq ++ MI_ODCV _Trace Result(Session_ID, Resul%
DSMap = DSMap(OAM)
Attempts = 3

Set(Timer, 0)

| G.8121.2-Y.1381.2(16)_F8-8¢c

Figure 8-8ci On-demand CV Control Sink process
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CV Control

RetumCode(OAM) =0 ||
RetumCode(OAM) =3 ||
RetumCode (OAM) = 8?

( =87
Y

MI_ODCV_FWErr(Session_ID,
SequenceNumber(OAM),
RetumCode(OAM),

SubRC(OAM),
ErrTLV(OAM))
) 4
ValidateReserve && Y
R(OAM) =1 ‘
N (rc, subre, ErrTLV, NULL, NULL) =

ODCV _Validate(OAM, Lstack, ReverseTgtFEC(OAM), MEP)

BWErr++
MI_ODCV_BWErr(Session_ID,
SequenceNumber(OAM),
rc, subre, ErrTLV

>< G.8121.2-Y.1381.2(16)_F8-8d

Figure 8-8di On-demand CV Control Sink process

The make_DSMap(ingress_ifnum, egress_ifnum, ds_Istack) function crefmesstreanmapping
TLV according to [ETF RFC4379] and [ETF RFC6426].The fields are filled in as follows:

Maximum transmit unitNITU): set to the size of the largest MPLS frafnecluding label
stack) that fits on the egress interface

Addresstype: set to 5 (Non IPYUse of other address typedas further study
DSflags:the | flag is set to 1, all other flags are set;to 0

Ingress Ifnum: set to ingress_ifnu

Egresdfnum: set to egress_ifnum

Multipathtype: set to O (nonultipathy,

Depthlimit: set to Q

Multipathlength: setto 0

Downstreanmiabels: derived from ds_|Istack as describedBiF RFC4379]. The protocol
Is set to 1 (Static)Jse of other valesis for further study

8.8.3.3 On-demand CV Request Generation procegssource control)

The Onrdemand CV Request Generatjgmocesss shown inFigure 8-9:
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CV Request
Generation

Ready

»
P>

TargetFECStack, DSMap, TTL)

o>

LSPPing_Rq(Session_ID, Seq, ValidateFEC,
ValidateReverse, CoS, Size,

Y
Pad_TLV = make Pad_TLV Pad TLV
(Size, ValidateReverse) =NULL

OAM=mKLSPPing Rq(Session ID, Seq, ValidateFEC,
ValidateReverse, Pad_TLV,
TargetFECStack, DSMap)

v

PDU(OAM)
PHB(PHB)
TTL(TTL)

PHB = PHB(CoS)

} G.8121.2-Y.1381.2(16)_F8-9

Figure 891 On-demand CV Request Generatiorprocess

The make_Pad_TLV(Size) function createBad TLV in accordance witHETF RFC 4379]. The
Length field is set tcsize. The first octet of the value field is set to 2 (Copy Pad TLV) if
ValidateReverse is FALSE, and 1 (Drop Pad TLV) if ValidateReverse is TRUE.

The PHB(CoS) function returns the PHB with the lowest drop precedence witlulagkefservice
defined by theCoSinput parameter.

NOTE T Size is only nofzero in Ping mode, when no DSMap TLV is includedthis case, the responder
will not add any aditional TLVs (eg., an interface and label stack TLV) to the reply unless 'Rie
(ValidateReverse) flag is set, and so the Pad TLV can be safely copied into the reply.

The mKLSPPing_Rq function creates an LSPPing Echo Request packet in accordance with
[IETF RFC4379] and [ETF RFC6426].The fields are filled in as follows:

Versionnumber: set to:1

Globalflags: if ValidateFEC is TRUE, the V flag is set to 1; if ValidateReverse is TRUE, the
R flag is set to 1; all other flags are set to 0

Messageype: set to MPLS Echo Requpst

Replymode: set to 4 (reply via application control channel)
Returncode: setto 0

Returnsubcode: set to;0

S e n d mmdi@:set to the value of Session;_ID
Sequenceumber: set to the value of Seq
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T Timestamp(TS) sent: set to LocalTime
T Timestampreceived: set to 0.
The following TLVs are added:
] A Target FEC Stack TLV is added containing the contents of TargetFEGCStack
T If Pad_TLV is not NULL, a Pad TLV is added containing the contents of Pad; TLV
T If DSMap is not NULL, adownstreammapping TLV is added containing the contents of
DSMap.

8.8.3.4 On-demand CV Reception process
The Ondemand CV Reception process demultiplexes received LSPPing packets (formed of OAM,
PHB, LStack signals) as follows:

I If the messageype is MPLS Echo Request, the received OAM, PHB, and LStack signals are
passed to the MIP Gaemand CV Responder or MEP -@emand CV Responder process as
appropriate

Otherwise, if this is a MIP the packet is discarded

If this is a MEP and thenessagéype is MPLS Echo Reply, the @iemand CV Reception
process passes the received OAM, PHB, and LStack signals to the instance eflédreadd

CV Control process whosession ID is equal to tHi&endes handI€ in the reeived packet,

via RI_rLSPPing_Rsp(OAM, PHB, LStacMlj.there is no such instance of the-@amand
CV Control process, the packet is discarded.

8.8.3.5 MIP On-demand CV Responder process
The MIP Ondemand CV Responder process is describé&dguare 810.
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CV Response
Generation

»!
o

PDU(OAM), PHB(PHB), LStack(LStack) <

v

ingress_ifnum =0

egress_ifnum =0

dsLStack = Null

(rc, suburb, ErrTLV, include_ifstack. include dsmap)
=CV_Validate(OAM, LStack, TargetFECStack(OAM), MIP)

include dsmap

ingress_ifnum = get_ingress_interface()
egress_ifnum = get_egress_interface()
ds LStack = get downstream_Istack()

|

v
RI _LSPPing Rsp(OAM., PHB, rc, subre, ErrTLV,
include ifstack, LStack, include dsmap,
ingress_ifnum, egress_ifnum, ds_LStack)

G.8121.2-Y.1381.2(16)_F8-10

Figure 8-107 MIP On-demand CV Respondeiprocess
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The get_egress_interface() function is describezlanse8.8.3.1 above.

The get_ingress_interface() function returns the IF_NUM (as defind@&T#[RFC 6370]) of the
interface where the packet waseived, or 0O if it was generated locally.

The get_downsteam_Istack() returns the label stack that would be attached to the packet if it were to
be forwarded out of the egress interface, derived as describédhRFC4379].

8.8.3.6 MEP On-demand CV Responder process
The MEP Ondemand CV Responder process is describé&dgare 811

Ccv
Responder

»
L

PDU(OAM), PHB(PHB), LStack(LStack) <

v

(re, subre, EntTLYV, include_ifstack, NULL) =
CV_Validate(OAM, LStack, TargetFECStack(OAM), MEP)

v

RI_LSPPing_Rsp(OAM, PHB, rc, subre, EnTLY,
)

include_ifstack, LStack, FALSE, 0, 0, NULL

(G.8121.2-¥.1381.2(16)_F8-11

Figure 8-1117 MEP On-demand CV Respondelprocess

8.8.3.7 On-demand CV Response Generation process
The Ondemand CV Response Generation process is shokigumne 812:
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CV Response
Generation

»
>

RI_LSPPing Rsp(OAM, PHB, RC, SubRC,
Err_TLV, include_ifstack, LStack,
include_dsmap, ingress_Ifnum,
egress_Ifnum, ds_Istack)

v

ifstack_TLV = NULL, DSMap = NULL
Pad_TLV = NULL, ReverseTgtFEC = NULL

(include_ifstack ||
(DSMap(OAM) != NULL && I(DSMap(OAM)))

| Ifstack TLV = make Ifstack TLV(LStack) |

include_dsmap

DSMap = make DSMap(ingress_ifhum,
egress_ifnum, dslstack)

PadTLV(OAM) != NULL &&
Value(PadTLV(OAM))[0] = 2

| Pad_TLV = PadTLV(OAM) |

N

| Pad_TLV = PadTLV(OAM) |

—

OAM=LSPPing_Rsp(OAM, RC, SubRC, Err_TLV,
ifstack_TLV, DSMap, Pad_TLV,
ReverseTgtFEC)

v
PDU(OAM)
PHB(PHB)

G.8121.2-Y.1381.2(16)_F8-12

Figure 8121 On-demand CV Response Generatioprocess

The make_lIfstack_TLV(LStack) function creates iaterface andabelstack TLV according to
[IETF RFC4379] and [ETF RFC6426].The fields are filled in as follows:

I Addresstype: set to IPvainnumbereg

1 IP address: set to;0
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T Interface:set to the result of get_ingress_interface() (daese8.8.3.5)
T Labelstack: copied from LStack.

Use of other values in thaterface andabelstack TLV isfor further study

The make _DSMap(ingress_ifnum, egress_ifnum, ds_Istack) function is described in
clause8.83.2 above.

The LSPPing_Rsp function creates an LSPPing Echo Reply packet in accordance with

[IETF RFC4379] and [ETF RFC6426].The fields are filled in as follows:
] Versionnumber: set to;1

T Globalflags: copied from the received Echo Request

] Messagéype: set to MPLS Echo Reply

] Replymode: set to 0 (do not reply)

] Returncode: setto RC

] Returnsubcode: set to SubRC

] Sende’s handle: copied from theeceived Echo Request

] Sequenceumber: copied from the received Echo Request
T Timestampsent: copied from the received Echo Request

] Timestampreceived: set to LocalTime.

If reverse FEC checking was requested in the LSPPing requesth@ R flagwas set), a Reverse
Target FEC Stack is created based on MI_Target EH&r mechanisms for deriving the FEC stack,
for example if dynamic signalling protocols are in use faréurther study

The following TLVs are added:

The TargetFECStack TLV isopied from the received packet

If Err_TLV is not NULL, an Errored TLVs TLV is added containing the contents of
Err_TLV;

If Ifstack_TLV is not NULL, aninterface andabelstack TLV is added containing the
contents of Ifstack_TLY

I If DSMap is not NULL, adownstreammapping TLV is added containing the contents of
DSMap

If Pad_TLV is not NULL, a Pad TLV is added containing the contents of Pad; TLV

If ReverseTgtFEC is not NULL, a Reverpath Target FEC Stack TLV is added contagni
the contents of ReverseTgtFEC.

8.8.4 Proactive packetlossmeasurement (LMp)

As described in clauses 7.2.2.1 and 8.6 to 8.8 of {TT®.8113.2])Joss and delay measurements may
be combined. The format for the combined measurementredfer here asMDM, is described in
section 3.3 of IETF RFC 6374].In addition, the same LM and DM protocols can be used for both
proactive and oemand measurement.

An overview of the performance monitorifgM) processes for a singlegactive PM session is
shown inFigure 813. The same processes are used for LM, DM or LMDM.
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Figure 8131 Proactive PM processes
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Theproactive PM Source control process controls the session, including scheduling request packets;
theproactive PM Sink control process handles procgs®aponses to calculate performance metrics.

The PM generation process generates requests and responses for the five different types of PM PDUs:
inferred loss measuremef(iLM ), direct loss measuremefDLM), delay measuremer(DM),

ILM+DM and DLM+DM. It also counts data traffic (including test packets) and is responsible for
writing the counters and/or timestamps into the outgoing PM PDiuslocation of the counter part
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is shown on the figure above for illustration only; the exact set of packets toumed is
implementatiorspecific, as described itHTF RFC6374].

The PM reception process handles received requests and reshiwstdse PM generation process,

it counts the appropriate packets and writes the counters and/or timestamps into tieel frebki
PDUs.The location of the counter part is shown on the figure above for illustration only; the exact
set of packets to be counted is implementasipecific, as described itHTF RFC 6374].

The PM responder is responsible for replying to receiddd®juest packets.

Multiple PM sessions can be used simultaneously, by instantiating multiple instances of the PM
Source control, PM Sinkontrol, PM reception, PM generation and PM responder procdssels.
instance of these processes supports a singlsd@slonEach PM session (proactive or-damand)

must have a unique test IBor each test ID, a pair of control processes, (§ource and sink) are
associated with a corresponding instance of the PM reception and PM generation prdresady,

the responder process for a given session is associated with a corresponding instance of the PM
reception and PM generation proces3dse PM Mux process multiplexes PM packets for different
sessions, while the PM Demux process demultiplexes them baseétesttiD Gession ID) and R
(response) flag.

A given instance of the PM reception process is associated with exactly one other process to which it
passes received packe®epending on how it is instantiated, this could be the proactiveSiak
control process, the esemand PM control process (sdause8.8.5), or the PM responder process.

8.8.4.1 Proactive PM Sourcecontrol processfor LM

The proactive PM Source control process includes LM, DM and LMDM. Each instance of the process
operats a single proactive PM sessidfultiple sessions can be supported by instantiating multiple
instances of the process, along with corresponding instances of the Phb&rdt, PM generation

and PM reception processes.

The proactive PM Source control mress performs delay measurements when MlI_DMp_Enable is
true and performs loss measurements when MI_LMp_Enable idftbeth are enabled, then where
possible, the same PDUs are used to make both measureneegritd{i-DM or DLM+DM PDUS).
Otherwise, sepate PDUs are used for loss (ILM or DLM) and delay (Dhe type of PDU used

for loss is determined by MI_LMp_LMType, and can'tiéM " for inferred (synthetic) loss 6DLM "

for direct (data traffic) loss measurement.

If an error is detected while theession is running, this is signalled via Rl_PM_Error being set to
True and the session is stopped until RI_PM_Error is set to False or the session is disabled.

The PM protocol includes a mechanism to negotiate the packet sending period with the reponder
the period is changed from that specified by the management information (MI_DMp_Period or
MI_LMp_Period), this is signalled via MI_DMp_PeriodChanged or Ml_LMp_PeriodChanged.

MI_LMp_CoS and MI_DMp_CoS specify the CoS (traffic class) to use for theurezagnt.n the
case of MI_LMp_CoS, this can either be a specific value, or the special"®dlLé indicating that
loss across all traffic classes should be measufed.loss measurement, MI_LMp_CountBytes
specifies whether to use octet counters (if sepacket counters (if unset).

The proactive PMSourcecontrol process is described kigures 8-14a, 814b and 814c. These
figures include LM, DM and LMDM.
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Figure 8-14ai Proactive PM Source control process
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Figure 8-14bi Proactive PM Sourcecontrol process
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Figure 8-14ci1 Proactive PM Source control process

The TSFmtSupported() function determines whether the specified timestamp format, from
[IETF RFC6374], is supported by the implementation, while the PreferredTSFmt() function returns
thetimestamp format that is preferred by the implementation, as descrin&d mRFC6374].

Both the period and the timestamp format are negotiated with the respbimel@eriod is negotiated

by setting thesession query intervabQl) appropriately, whi the timestamp format is negotiated

via the querier's timestamp formaQ(’F), responder's timestamp forma&T{F) and responder’s
preferred timestamp forma@PTH fields. Initially, the implementatiots preferred timestamp is used.

If the responder doesot respond to the first request using the same timestamp format, then the
respondes preferred timestamp format is used if it is supported, otherwise the IEEE 1588v1 format
is used as described iHE[TF RFC6374]. Support for this format is mandatory.

88.4.2 Proactive PM Sink control process for LM

The proactive PMBink control process includes LM, DM and LMDM. Each instance of the process
operates a single proactive PM sessMultiple sessions can be supported by instantiating multiple
instances of th process, along with corresponding instances of the PM Smnttel, PM generation

and PM reception processes.
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As for the Source control process, thproactive PM Sink control process performs delay
measurements when MI_DMp_Enable is true and perforross Imeasurements when
MI_LMp_Enable is truelf both are enabled, then where possible, the same PDUs are used to make
both measurementsdi, ILM+DM or DLM+DM PDUSs). Otherwise, separate PDUs are used for loss
(ILM or DLM) and delay (DM).

If an error is deected while the session is running, this is reported via MlI_DMp_ReportError or
MI_LMp_ReportError, and the session is stopped until MI_PM_ClearError is set or the session is
disabled.The reported error is either one of the control codes that indicagsaras described in
section 3.1 of IETF RFC 6374], or the special vali€meout indicating that no response was
received to a PM query within the timeout time

NOTET MI_PM_ClearError is used as a trigger to resume a measurement process that has been stopped due
to an errorlt is expected to be set by the EMF once the cause of the error has been investigated and resolved.

The proactive PMbink control process is dedioed inFigures 8-15a, 8-15b, and 815c. Theseifyures
include LM, DM and LMDM.
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Figure 8-15a1 Proactive PM Sink control process
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Figure 8-15b 1 Proactive PM Sink control process
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Figure 8-15c1 Proactive PM Sink control process

8.8.4.3 PM generation process foproactive LM

The PM generation process includes LM, DM and LMDM. It generates PM requests when it receives
the DM_Req, LM_Req or LMDM_Req signals from the correspondingactive Source or
Ondemand control process, and generates febponses when it receives the RI_DM_Resp,
RI_LM_Resp or RI_LMDM_Resp signals from the corresponding PM responder process.

For delay measurement, it writes the packet send time into the PDU, using the requested timestamp
format.

For loss measurement, ituwats the appropriate traffic depending on the type of loss measurement,
and writes the counters into the transmitted PM PDWe. packets to count are dependent on the
LMType (ILM or DLM) and the CoS (which may be a particular value, or the special \alue").

If the CountBytes parameter is set, the number of bytes in each matching packet is counted, otherwise
the count is simply incremented for each matching packet.

Inthe DM_Req, LM_Req and LMDM_Req signals, the SQI parameter specifies the valaeem
the SQI TLV.Ifitis set to NULL, no SQI TLV is included'hetimestamp format{SFm) parameter
specifies the timestamp format to use when writing timestaipsLength parameter specifies the
length of padding to include in the PDIWset to0, no Padding TLV is included.

The PM generation process is describeHigure 816.
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Figure 8-161 PM generation process

The make Pad_TLV(Length, CopyPad) function creates a Padding TLV as specified in
[IETF RFC6374], as follows:

T If CopyPad is sethe Type is set to 0, otherwise it is set to 128.
T The Length field is set to Length
T The Value field is set to all Os.

The make_SQI_TLV(SQI) function creates an SQI TLV as specifid@&iFHRFC6374], as follows:
T The Type is set to.2

T The Lengthikeld is set to 4.

T The Value field is set to SQI.

The PM_DMPDU(Test_ID, TSFmt, CoS, padTLV, SQI_TLV) function creates a DM PDU as
specified in [ETF RFC6374], as follows:

T The version is setta.0

] The R flag is unset; the T flag is set; and the regteflags field is set to 0.

The control code is set to Other values for the control code doe further study

The message length is set to the total length of the PDU.

I The QTF field is set to TSFmt, the RTF and RPTF fields are set to O

I Thereserved field is set to 0.
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The session ID and DS fields are set to Test_ID and @sfectively.

The timestamp fields are all set to 0.

The pad TLV and SQI TLV, if not NULL, are appended to the messiue.use of other
TLVs is for further study

The PM_LMPDU() function creates an ILM or DLM PDU as specified IETF RFC6374], as
follows:

The version is set to.0

The R flag is unset; the T flag is set if a specific CoS value has been specified and is unset if
the CoS is set ttALL "; and theest of the flags field is set to 0.

The control code is set to Other values for the control code doe further study
The message length is set to the total length of the PDU.

In the Dflag field, the X flag is set appropriate depending whehgeimplementation writes
32 or 64 bit counters; the B flag is set if CountBytes is set, and is unset otherwise; and the
rest of the field is set to O.

The OTF field is set to the implementations preferred timestamp format.
The reserved field is sed D.

The session ID and DS fields are set to Test_ID and CoS respedfivbé/CoS is'ALL ",
the DS field is set to O.

I The origin timestamp field is set to the local thofeday, using the format specified in the
OTF field.

The counter fields arall set to 0.

The SQI TLV, if not NULL, is appended to the messade use of other TLVs ir further
study

The PHB(CoS) function returns the PHB with the lowest drop precedence witltlagkeofservice
defined by theCoSinput parameter.

The PM LMDMPDU() function creates an ILM+DM or DLM_DM PDU as specified in
[IETF RFC6374], in a similar way to the DM and LM cases described above.

The InScope() function determines whether a given data packet should be counted, depending on the
LM type (ILM or DLM) and the CoS/PHB (a specific TC value"siLL").

The LocalTime(TSFmt) function returns the local thefeday, in the format specified.

8.8.4.4 PM reception process forproactive LM

The PM reception process receives PM message for a giesinlD, and passes them to the
corresponding Proactive or @emand control process or Rsponder process.

For delay measurement, it writes the packet receive time into the P@Uoss measurement, it
counts the appropriate traffic depending on the typloss measurement, and writes the counters into
the received PM PDUShe packets to count are dependent on the LMType (ILM or DLM) and the
CoS (which may be a particular value, or the special Value "). If the CountBytes bit is set, the
number ofbytes in each matching packet is counted, otherwise the count is simply incremented for
each matching packet.

The PM reception process is describeéigure8-17.
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Figure 8171 PM reception process

8.8.4.5 PM responder process foproactive LM

The PMresponder process responds to PM messages for a single PM ddattipie sessions can
be supported by instantiating multiple instances of the process, along with corresponding instances
of the PM generation and PM reception processes.

The PM responderrpcess is described Figure 818.

Draft Rec. ITU-T G.8121.2Y.1381.2(2017) 47



-48-
SG15TD230/WP3

»
P

Running

y

‘ rLM_Req(LMType, OAM, PHB) <

v

CrtlCode(OAM) = CheckPM(OAM) ‘

¥

Counterd(OAM) = Counter2(OAM)
Counter3(OAM) = Counter (OAM)
Counter2(OAM) =0
Counterl (OAM) =0

SQIOAM)!= NULL &&
SQUOAM)<<MinSupportedPeriod()

| SQI(OAM) = MinSupportedPeriod() ‘

A 4 ¢

| DM_Req(OAM, PHB) < | rLMDM_Req(LMType, OAM, PHB)

v v

| CrtlCode(OAM) = CheckPM(OAM) | CrtlCode(OAM) = CheckPM(OAM)

TSFmt Support
QTF(OAM)

TSFmt Support
QTF(OAM)

h 4 A 4

RTF(OAM)= || RTF(OAM)= RTF(OAM)= || RTF(OAM)=
Preferred TSFmt() || QTF(OAM) Preferred TSFmt() ||  QTF(OAM)
[ 0 ] ]
Y Y

l RPTF(OAM) = PreferredTSFmt() I l RPTF(OAM) = PreferredTSFmt()

v v

Timestamp4(OAM) = Timestamp2(OAM) Counter4(OAM) = Counter2(OAM)
Timestamp3(OAM) = Timestamp 1{OAM) Counter3(OAM) = Counter | (OAM)

v
R(OAM) =0

v

| RI LM Resp(LMType, OAM, PHB) >

Timestamp2 =0 Counter2 =0
Timestampl =0 Counterl =0

v

Timestamp4(OAM) = Timestamp2(OAM)
Timestamp3(OAM) = Timestamp 1{ OAM)
Timestamp2(OAM) = 0
Timestamp [ (OAM) = 0

SQIOAM)!=NULL &&
SQI{OAM)<<MinSupportedPeriod()

SQI(OAM)!= NULL &&

| SQI(OAM) = MinSupportedPeriod() | SQIOAM)<<MinSupportedPeriod()

L 4
| R(OAM) = 0 |

[ SQI(OAM) = MinSupportedPeriod() I

I
v

l R(OAM) =0 |

PadTLV(OAM) |= NULL &&
Type(PadTLV(OAM)) == 128

PadTLV(OAM) |= NULL &&
Type(PadTLV(OAM)) == 128

removePad TLV(OAM)

I
v

| RI_DM_Resp(OAM, PHB) >

removePadTLV(OAM)

A
| RI_LMDM_Resp(LMType, DAM, PHB>

G.8121.2-Y.1381.2(16)_F8-18

Figure 8-187 PM responder process
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The CheckPM() function checks the received PDU and returns an appropriate control code, as
described in IETF RFC 6374]. In particular, it returns 0x19 (Administrative Block) if
MI_PM_Responder_Enable is not set, and 0x2 (Data Format Invalid) if the QTF in a DM, ILM+DM
or DLM_DM message is not supported.

Note that when MI_PM_Responder_Enable is not set, responses are still sent, with the above error.

The PM responder process alsasets the X flag in LM messages if the implementation does not
support 64 bit counters.

8.8.5 On-demandpacketlossmeasurement (LMo)

As described in clauses 7.2.2.1 and 8.6 to 8.8 of {TT®.8113.2]Joss and delay measurements may
be combined. The forat for the combined measurement, reddrto here as LMDM, is described in
section 3.3 of [ETF RFC 6374].In addition, the same LM and DM protocols can be used for both
proactive and oemand measurement.

An overview of the performance monitoring proas$or a single cdemand PM session is shown
in Figure 819. The same processes are used for LM, DM or LMDM.
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The on-demand PM control process controls the session, including scheduling request packets, and
processingesponses to calculate performance metiiit® other processes shown are the same as
those used fgoroactive LM, as described in clause 8.&\4.in the case giroactive LM, he location

of the counter part in the Pigeneration and PNeception procegs is shown on the figure above

for illustration only; the exact set of packets to be counted is implemensgigmific, as described

in [IETF RFC6374].

8.8.5.1 On-demandcontrol processfor LM

The onrdemandPM control process includes LM, DM and LMDMach instance of the process
operates a single esemand PM sessioNultiple sessions can be supported by instantiating multiple
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instances of the process, along with corresponding instances of the PM generation and PM reception
processes.

The ondemand PM control process performs either delay measurement (via
MI_DMo_Start/Ml_DMo_Terminate), loss measurement (via Ml_LMo_Start/MI_LMo_Terminate)
or both simultaneously (via MI_LMDMo_Start/MI_LMDMo_TerminateYhe type of loss
measurement to perform is spedifiy the LMType parameter, and can 'heM " for inferred
(synthetic) loss oftDLM " for direct (data traffic) loss.

Results are reported via MI_DMo_Result and MI_LMo_Result.

If an error is detected while the session is running, this is reported viaNil_ReportError or
MI_LMo_ReportError, and the session is terminated automaticHilg.results collected up to that
point are reported.

The PM protocol includes a mechanism to negotiate the packet sending period with the refponder.
the period is changeftom that specified when the session was started, this is signalled via
MI_DMo_PeriodChanged or Ml_LMo_PeriodChanged.

The CoS parameter of MI_LMo_Start, MI_DMo_Start or MI_LMDMo_Start specifies the CoS
(traffic class) to use for the measuremémthe cae of Ml_LMo_Start, this can either be a specific
value, or the special valUALL " indicating that loss across all traffic classes should be measured.
For loss measurement, the CountBytes parameter of MI_LMo_Start() or MI_LMDMo_Start()
specifies whethetio use octet counters (if set) or packet counters (if unset).

The ondemand PM control process is describeBigures 8-20q 8-20b, 8-20cand 820d.

On-demand
PM control

N TF=N LF=F FT=F LF=0
saved = FALSE

SQI=0

TimestampFormat = Preferred TSFmt()
count =0

done = FALSE

v v v

MI_DMo_Start(CoS, Test_ID, MI_LMo_Start(CoS, Test_ID, MI_LMDMo_Start(CoS, Test_ID, Length,
Length, ReqPeriod, ReqgPeriod, LM Type, ReqPeriod, LMType,

CopyPad) CountBytes) CountBytes, CopyPad)

Set(0, Timer) Set(0, Timer) Set(0, Timer)
Period = ReqPeriod Set(Ls, ReportTimer) Set(1s, ReportTimer)
Period = ReqPeriod Period = ReqPeriod

RunningDM (DM) é—{:RunllingLM (LM) é—[RunningLMDM (LMDM)

(G.8121.2-Y.1381.2(16)_F8-20a

Figure 8-20ai On-demand PM control process
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Figure 8-20bi On-demand PM control process
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Figure 8-20ci On-demand PM control process
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Figure 8-20di1 On-demand PM control process

As in the proactive PM control process, the period and timestamp format are negotiated with the
responder, as described in clause 8.8.4.1.

8.8.5.2 PM generation process forOn-demand LM

The PM generation process for-@amand LM is identical to that for proactive LM, and is described
in clause 8.8.8.

8.8.5.3 PM reception process for Oademand LM

The PM reception process for @emand LM is identical to that for proactive L ind is described
in clause 8.8.4..

8.8.5.4 PM responder process for Ordemand LM

The PMresponder process for @emand LM is identical to that for proactive LM, and is described
in clause 8.8.4.

8.8.6 Proactive packetdelay measurement (DMp)

As described in clauses 7.2.2.1 and 8.6 to 8.8 of {TT®.8113.2]Joss and delay measurements may
be combined. The format for the combined measurementredf® here as LMDM, is described in
section 3.3 of IETF RFC 6374].In addition, the same LM arfdM protocols can be used for both
proactive and odemand measurement.
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The processes faroactivedelaymeasurement are described in clause 8.8.4 in this Recommendation.

8.8.7 On-demandpacketdelay measurement (DMo)

As described in clauses 7.2.2.1 and 8.6 to 8.8 of {TT®.8113.2]Joss and delay measurements may
be combined. The format for the combined measurementredfer here as LMDM, is described in
section 3.3 of IETF RFC 6374].In addition, the same LM arfdM protocols can be used for both
proactive and oemand measurement.

The processes foon-demand delay measurement are described in clause 8.8.5 in this
Recommendation.

8.8.8 Throughput test
For further study

8.8.9 Routetracing
The processes foputetracing(RT) are described in clause 8.8.3 in this Recommendation.

8.8.10 LCKJ/AIS reception

The LCK/AIS receptionprocess handles received LKR and AIS packets, and signals the LCK, AIS
andserver signal fail$SH defects.The behaviour is shown Figure8-21.

LKR
reception

PDU(OAM), PHB(PHB)

MsgType(OAM) = LKR?
Y

LCK

Y

LDI_LKR >

Figure 8211 LCR/AIS reception behaviour

G.8121.2-Y.1381.2(16)_F8-21

8.8.11 Lock Instruct processes

An overview of the processes relating to tbek instruct(Ll) mechanism is shown iRigure 822.
[ITU-T G.812]1 and[IETF RFC637] use the abbreviation LKI for the same mechanism.
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Figure 822717 Overview of Lock Instruct mechanism

The LI Source Control process controls sending LI messages when the admin"stat&ad' and
MI_Lock_Instruct_Enable is sethe period at which teend is determined by MI_LI_Period, and
the source MEP ID value is set by MI_LI_ MEPID to one of the three values described in
[IETF RFC6435].

The LI Generation process formats LI messages and passes them to the OAM Mux process and hence
to the GACh Insetion process.

The LI Reception process handles received LI messages and checks them for correctness.

The LI Sink Control process monitors received LI messages to determine whether a Lock Instruct
condition exists, and signals this to the EMF via Ml_Admiat& Request.

8.8.11.1 LI Source Control process
The LI Source Contrgdrocess is described Figure 8-23.
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Figure 82371 LI Source Control process

8.8.112 LI Generation process
The LI Generatioprocess is described kgure 8-24.

Figure 8-241 LI Generation process

The LI(MEPID, Period) function formats an LI PDU accordingl®Il[F RFC6435], as follows:
T The version is set to 1.

T The reserved field is set to O.

T The refresh timer field is set to tperiod.
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