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1. Introduction

This meno defines a portion of the Managenent |nformati on Base (M B)
for use with network managenent protocols in the Internet comunity.
In particular, it describes additional textual conventions and
managed objects for tunnels, identifiers, and Label Sw tching Routers
to support Miltiprotocol Label Switching (MPLS) M B nodul es for
transport networks. M B nodul es defined in this docunent extend the
exi sting MPLS M B objects in such a way that they support the MPLS
Transport Profile (MPLS-TP) but al so other MPLS networks. Hence,
"MPLS-TP" is not included in the M B nodul e nanes.

As described in the MPLS Traffic Engineering (TE) MB definition

[ RFC3812], MPLS traffic engineering is concerned with the creation
and nanagenent of MPLS tunnels. This termis a shorthand for a
conbi nation of one or nore LSPs |inking an ingress and an egress LSR
Several types of point-to-point MPLS tunnels may be constructed
between a pair of LSRs A and B

- Unidirectional with a single LSP (say, fromA to B)

- Associated bidirectional consisting of two separately routed
LSPs, one linking Ato B and the other linking Bto A
Toget her, the pair provides a single |ogical bidirectiona
transport path.

- Co-routed bidirectional consisting of an associ ated
bi directional tunnel but with the second LSP fromB to A
followi ng the reverse of the path of the LSP fromA to B, in
terms of both nodes and |inks.

Tunnel s may be either statically configured by managenent action or
dynanically created using an LSP managenent protocol

The existing MPLS TE M B [ RFC3812] and the GWLS TE M B [ RFC4802]
address only a subset of the conbinations of statically and
dynanmically configured tunnel types, catering to statically
configured unidirectional tunnels together with dynanically
configured unidirectional and co-routed bidirectional tunnels. They
are also restricted to two endpoint LSRs identified by |IP addresses.

The MPLS-TP TE M B defined in this docunent extends the M B nodul es
defined in [ RFC3812] to cover all six conbinations (that is, adding
support for statically configured associ ated and co-routed

bi directional plus dynanically configured associ ated bidirectiona
tunnels). It also extends support to endpoints that have identifiers
other than I P addresses.
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This support is provided by a suite of four MB nodules that are to
be used in conjunction with the MB nodul es defined in [ RFC3812] and
t he conpani on docurment [RFC3813] for MPLS-TP tunnel managenent.

At the time of witing, SNVMP SET is no |onger reconmmended as a way to
configure MPLS networks as described in [ RFC3812]. However, since
the M B nodul es specified in this docunent extend and are intended to
work in parallel with the MB nodules for MPLS specified in

[ RFC3812], certain objects defined here are specified with MAX- ACCESS
of read-wite or read-create so that specifications of the base
tables in [RFC3812] and the extensions in this docunment are
consistent. Although the exanpl es described in Section 9 specify
means to configure MPLS-TP Tunnels in a sinmlar way to the exanpl es
in [RFC3812], this should be seen as indicating howthe MB val ues
woul d be returned if the specified circunstances were configured by
alternative neans.

2. The Internet-Standard Managenent Franmewor k

For a detailed overview of the docunents that describe the current
I nt ernet - Standard Managenent Franmework, please refer to section 7 of
RFC 3410 [ RFC3410].

Managed objects are accessed via a virtual information store, terned
t he Managenent Infornmation Base or MB. MB objects are generally
accessed through the Sinple Network Managenent Protocol (SNWP).
hjects in the MB are defined using the nmechani sns defined in the
Structure of Managenent Information (SM). This meno specifies a MB
nmodul e that is conpliant to the SMv2, which is described in STD 58,
RFC 2578 [ RFC2578], STD 58, RFC 2579 [ RFC2579] and STD 58, RFC 2580

[ RFC2580] .

3. Overview

3.1. Conventions Used in This Docunent
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOVMENDED', "MAY", and

"OPTIONAL" in this docunment are to be interpreted as described in
[ RFC2119] .
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3.2. Term nol ogy

Thi s docunent uses termi nology fromthe "Miltiprotocol Label

Swi tching Architecture” [RFC3031], "Muiltiprotocol Label Sw tching
(MPLS) Traffic Engineering (TE) Managenent |nformation Base (MB)"
[ RFC3812], "Multiprotocol Label Switching (MPLS) Label Switching
Rout er (LSR) Managenent |nfornation Base (MB)" [RFC3813], and"MPLS
Transport Profile (MPLS-TP) ldentifiers" [RFC6370].

3.3. Acronyns

CC. Country Code

ICC. ITU Carrier Code

LSP: Label Switched Path

LSR: Label Switching Router
MPLS- TP: MPLS Transport Profile
TE: Traffic Engi neering

TP: Transport Profile

4. NMotivations

"Mul tiprotocol Label Switching (MPLS) Traffic Engineering (TE)
Managenent | nformation Base (M B)" [RFC3812] provides support for
Traffic Engineering tunnels. |In MPLS, the actual transport of
packets is provided by Label Switched Paths (LSPs). A transport
service may be conposed of nultiple LSPs. In order to clearly
identify the MPLS-TP service, as defined in [ RFC6370], we use the
term"MPLS-TP Tunnel" or sinply "tunnel". However, with MPLS-TP, the
characteristics of the tunnels were enhanced. For exanple, MPLS-TP
Tunnel s are bidirectional in nature and could be used with non-I1P
identifiers for the tunnel endpoints. As the existing

MPLS- TE- STD-M B and GWPLS- TE- STD-M B were defined nmainly to support
uni directional tunnels and signal ed co-routed bidirectional tunnel
definitions, respectively, these existing MB nodul es are not
sufficient to capture all the characteristics of the tunnels. Hence,
enhancing the M B nodul es to support MPLS-TP Tunnels is required. As
nost of the attributes of MPLS Traffic Engineering tunnels are al so
applicable to MPLS-TP Tunnels, it is optinmal to reuse and extend the
exi sting M B nodul e definition instead of defining a new M B nodul e.

Thi s docunent defines four additional M B nodul es, nanely,

MPLS- TE- EXT- STD-M B, MPLS- TC- EXT-STD-M B, MPLS-ID- STD-M B, and
MPLS- LSR- EXT-STD-M B. As these additional M B nodul es are required
for MPLS-TP functionality, these are all defined in this docunent,

i nstead of being docunmented separately.
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5.

6.

Feat ure Li st

The M Bs in this docunent satisfy the follow ng requirenents and
constraints

The M B nodul es, taken together, support statically configured and
dynani cal |l y signal ed point-to-point, co-routed bidirectional and
associ ated bidirectional tunnels.

- The MPLS tunnels need not be interfaces, but it is possible to
configure an MPLS-TP Tunnel as an interface. The same ifType
150, as defined in Section 8 of [RFC3812], will be used for
MPLS- TP Tunnel s as wel |.

- The npl sTunnel Tabl e [ RFC3812] is also to be used for MPLS-TP
Tunnel s.

- New MPLS-TP-specific textual conventions and identifiers are
required.

- The npl sTunnel Table is sparsely extended to support objects
specific to MPLS-TP Tunnel s.

- A node configuration table (nplsTunnel Ext NodeConfi gTabl e), as
detailed in Section 6.2.1, below, is used to translate the
A obal _ID :Node ID or ICC Operator ID::Node IDto the |oca
identifier in order to index the nplsTunnel Tabl e.

- The npl sXCTabl e is sparsely extended to support objects specific
to MPLS-TP XC (Cross Connect).

- The M B nodul e supports persistent, as well as non-persistent,
tunnel s.

Qutline

Traffic Engineering support for the MPLS-TP Tunnels requires the
setup of the co-routed or associated bidirectional tunnel. The
tables and M B nodul es that are mentioned in the bel ow subsections
support the functionality described in [RFC5654] and [ RFC6370] .
These tabl es support both IP-conpatible and | CC based tunnel
configurations.

Figure 1, below, depicts how the table references are followed in
this MB.
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Tunnel 1-->XCl<-----------=--

N | | I
[ ] | |-->InSegl |
| ] | |-->Qut Segl |
| | v I
| ------ XCext 1 |
I I I
\/ Y |
Tunnel 2- - >XC1 |
A | | I
| | |-->InSeg2 |
| | |-->Qut Seg2 |
I v I
------ XCext2------------

Figure 1: Tabl e References of M B Mdul es
6.1. M B Mdul e Extensions
Four M B nodul es are extended to support MPLS-TP Tunnel s, nanely,
MPLS- TE- EXT- STD-M B, MPLS-TC- EXT- STD-M B, MPLS-ID-STD-M B, and
MPLS- LSR- EXT- STD-M B. The foll owi ng section provides the summary of
changes.
6.1.1. Summary of M B Modul e Changes

- Node configuration table (nplsTunnel Ext NodeConfigTable) for setting
the local identifier for Tunnel Ingress and Egress identifiers.

- Node I P map tabl e (npl sTunnel Ext Nodel pMapTabl e) for querying the
|l ocal identifier for a given dobal _|ID and Node | D

- Node I CC map tabl e (nplsTunnel Ext Nodel ccMapTabl e) for querying the
|l ocal identifier for a given | CC_Operator_ID and Node_I D

- Tunnel extension table (nplsTunnel Ext Table) for setting up MPLS-TP
Tunnel s with sparse extension of nplsTunnel Tabl e.

- Textual conventions and object definitions for MPLS-TP Tunnel s.

- Cross-connect extension table (npl sXCExt Table) for setting up the
MPLS- TP LSPs.

These tables are described in the subsequent sections.
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6.2. MPLS-TE-EXT-STD-M B

The TE M B npdul e extensions and details of the tables are
described in the foll owi ng sections.

6.2.1. npl sTunnel Ext NodeConfi gTabl e

The npl sTunnel Ext NodeConfi gTable is used to assign a |ocal identifier
for a given 1 CC_Operator_ID::Node_ID or dobal _ID::Node ID

conbi nation as defined in [RFC6923] and [ RFC6370], respectively. The
CCis a string of two characters, each being an uppercase Basic Latin
al phabetic (i.e., A-Z). The ICCis a string of one to six
characters, each an uppercase Basic Latin al phabetic (i.e., A-Z) or
nuneric (i.e., 0-9). Al of the characters are encoded using [T.50]
as described in [ RFC6370] .

In the | P-conpatible node, Gobal _ID :Node_ ID, is used to uniquely
identify a node. For each | CC Operator | D::Node |ID or

G obal _ID :Node ID, there is a unique entry in the table representing
a node. As the regular TE tunnels use the |IP address as the LSR I D
the local identifier should be below the first valid |IP address,
which is 16777216[1.0.0.0]. Every node is assigned a |l oca

identifier within a range of 0 to 16777215. This local identifier is
used for indexing into nplsTunnel Tabl e as npl sTunnel | ngressLSRI d and
npl sTunnel Egr essLSRI d.

For | P-conpati bl e environnents, an MPLS-TP Tunnel is indexed by
Tunnel | ndex, Tunnel I|nstance, Source d obal ID, Source Node |ID
Destination @ obal _ID and Destination Node ID

For | CC-based environnents, an MPLS-TP Tunnel is indexed by Tunne
I ndex, Tunnel |nstance, Source CC, Source |CC, Source Node_I D,
Destination CC, Destination |ICC, and Destination Node_lD.

As npl sTunnel Tabl e is i ndexed by npl sTunnel | ndex, npl sTunnel I nst ance,
nmpl sTunnel | ngr essLSRI d, and npl sTunnel EgressLSRI d, the MPLS-TP tunne
identifiers cannot be used directly.

The npl sTunnel Ext NodeConfi gTable will be used to store an entry for
| CC_Qperator_ID::Node_ ID or Aobal _ID::Node IDwith a |loca
identifier to be used as the LSR ID in npl sTunnel Tabl e.

6.2.2. npl sTunnel Ext Nodel pMapTabl e
The read-only npl sTunnel Ext Nodel pMapTabl e is used to query the |oca

identifier assigned and stored in npl sTunnel Ext NodeConfi gTable for a
given A obal _ID::Node ID. In order to query the local identifier, in
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the I P-conpatible node, this table is indexed with

G obal _ID :Node ID. In the IP-conpatible node for a TP tunnel
GQ obal _I D :Node_IDis used.

A separate query is nmade to get the local identifier of both Ingress
and Egress dobal _ID::Node ID identifiers. These local identifiers

are used as npl sTunnel I ngressLSRI d and npl sTunnel Egr essLSRI d when
i ndexi ng npl sTunnel Tabl e.

6. 2. 3. npl sTunnel Ext Nodel ccMapTabl e

The read-only npl sTunnel Ext Nodel ccMapTabl e is used to query the |oca
identifier assigned and stored in the nplsTunnel Ext NodeConfi gTabl e
for a given | CC_Operator_|D:: Node ID.

A separate query is nmade to get the local identifier of both Ingress
and Egress I CC Operator _ID::Node ID. These local identifiers are

used as npl sTunnel I ngressLSRI d and npl sTunnel Egr essLSRI d when
i ndexi ng npl sTunnel Tabl e.

6.2.4. npl sTunnel Ext Tabl e

This table sparsely extends the npl sTunnel Table in order to support
MPLS- TP Tunnel s with additional objects. Al the additiona
attributes specific to supporting a TP tunnel are contained in this

extended table and could be accessed with the nplsTunnel Tabl e
i ndi ces.

The gnpl sTunnel Rever sePer f Tabl e [ RFC4802] shoul d be used to provide
per-tunnel packet perfornmance information for the reverse direction
of a bidirectional tunnel. It can be seen as suppl enenting the

nmpl sTunnel Per f Tabl e, which augnments the npl sTunnel Tabl e.

6.3. MPLS-TC EXT-STD-M B

This M B nodul e contains textual conventions for LSPs of MPLS-based
transport networKks.

6.4. MLS-ID-STD-MB

This M B nodul e contains identifier object definitions for MPLS
Traffic Engineering in transport networKks.
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6.5. MPLS-LSR-EXT-STD-M B

This M B nodul e contains generic object definitions (including the
nmpl sXCExt Tabl e -- cross-connect extension table -- for setting up the
MPLS- TP LSPs with sparse extension of npl sXCTable) for MPLS LSRs in
transport networKks.

6.6. The Use of RowPoi nter

Thi s docunent foll ows the RowPoi nter usage as described in Section 10
of [ RFC3812].

A new RowPoi nter object, nplsTunnel Ext QppositeDirPtr, is added to
nmpl sTunnel Ext Tabl e of MPLS- TE- EXT- STD-M B nodul e. Thi s RowPoi nt er
object points to the tunnel entry in the opposite direction.

Two additi onal RowPoi nters objects, nplsXCExt Tunnel Pointer and

npl sXCExt OppositeDi r XCPtr, are added to the npl sXCExt Tabl e of

MPLS- LSR- EXT- STD-M B.  The RowPoi nt er npl sXCExt Tunnel Poi nter is a
read-only object used to indicate the back pointer to the tunnel
entry. The RowPoi nter npl sXCExt OppositeDi rXCPtr object points to the
opposite-direction XC entry.

If either of these RowPointers return zeroDotZero, it inplies that
there is no entry associated with the RowPoi nter object.

7. MB Mdul es’ Interdependencies

This section provides an overview of the rel ationshi ps between the
MPLS- TP TE M B nodul e and ot her MPLS M B nodul es.

The arrows in the foll ow ng di agram show a "depends on" rel ationshi p.
A relationship of "M B nodul e A depends on M B nodul e B" neans that

M B nodul e A uses an object, object identifier, or textual convention
defined in MB nodule B, or that M B nodule A contains a pointer
(index or RowPointer) to an object in MB nodul e B.
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MPLS- TC- EXT- STD-M B
N

MPLS- LSR- STD-M B
N

|
R MPLS- LSR- EXT- STD-M B

+<---- MPLS-1D-STD-MB
N

| |

+<---- MPLS-TE-EXT-STD-M B

| |

| \Y

| MPLS- TE- STD-M B

| |

| |

| \Y

|

|

|

|

Figure 2: M B Mdul es’ |nterdependencies
Thus:

- Al the new MPLS extension M B nodul es depend on
MPLS- TC- EXT- STD- M B.

- MPLS-ID-STD-M B contains references to objects in
MPLS- TE- STD-M B [ RFC3812] .

- MPLS-TE- EXT- STD-M B contains references to objects in
MPLS- TE- STD-M B [ RFC3812] .

- MPLS-LSR-EXT-STD-M B contains references to objects in
MPLS-LSR- STD-M B [ RFC3813] .

The npl sTunnel Ext Tabl e sparsely extends the npl sTunnel Tabl e of
MPLS- TE- STD-M B [ RFC3812]. This hel ps in associating the reverse-
direction tunnel infornmation

The npl sXCExt Tabl e sparsely extends the npl sXCTabl e of
MPLS-LSR-STD-M B [ RFC3813]. This helps in pointing back to the
tunnel entry for easy tunnel access fromthe XC entry.

Note that all of the MB nobdul es shown above in the figure also have
a dependency on MPLS-TC- STD- M B.
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8. Dependenci es between M B Mdul e Tabl es

The tables in MPLS-TE-EXT-STD-M B are related as shown on the diagram
below. The arrows indicate a reference fromone table to another.

npl sTunnel Ext NodeConf i gTabl e
N N N

|
npl sTunnel Ext Nodel pMapTabl e npl sTunnel Ext Nodel ccMapTabl e

npl sXCExt Tabl e

| AN

[ S — + |
| |
| |
\Y \Y
nmpl sTunnel Tabl e ---->npl sXCTabl e
N

I
npl sTunnel Ext Tabl e
Fi gure 3: Dependenci es between M B Mdul e Tabl es

An exi sting npl sTunnel Tabl e uses the npl sTunnel Ext NodeConfi gTabl e
table to map the G obal _ID::Node |ID and/or |1 CC Operator I D::Node |ID
with the | ocal nunber in order to acconmpdate in the existing tunne
table’s ingress/egress LSR ID.

The new npl sTunnel Ext Tabl e provi des the reverse-directi on LSP
information for the existing tunnel table so that bidirectional LSPs
can be created.

The npl sXCExt Tabl e sparsely extends the npl sLsrXCTabl e to provide
backward reference to tunnel entry.

9. Exanple of MPLS-TP Tunnel Setup
In this section, we provide an exanple of configuring MPLS-TP
bidirectional tunnels with IP tunnel identifiers. This exanple

provi des the usage of the MPLS-TP Tunnel MB along with the extended
M B nodul es introduced in this docunent.
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Do note that a MPLS-TP Tunnel could be set up statically as well as
signal ed via the control plane. This exanple considers accessing MB
obj ects on a head-end for static and signaled MPLS-TP Tunnels. This
section shows the configuration of the forward- and reverse-direction
MPLS- TP LSPs that run between East and West, and vice versa. Only
objects relevant to MPLS-TP Tunnels are illustrated here.

I n nmpl sTunnel Ext NodeConfi gTabl e:

-- Non-1P Ingress LSR ID (I ndex to the table)

npl sTunnel Ext NodeConfi gLocal I d = 1,
npl sTunnel Ext NodeConfi gd obal | d = 1234,
nmpl sTunnel Ext NodeConf i gNodel d = 10,

-- Mandatory paraneters needed to activate the row go here
npl sTunnel Ext NodeConf i gRowSt at us = createAndGo (4)

-- Non-1P Egress LSR ID (Index to the table)

npl sTunnel Ext NodeConfi gLocal I d = 2,
nmpl sTunnel Ext NodeConf i gd obal 1 d = 1234,
nmpl sTunnel Ext NodeConf i gNodel d = 20,

-- Mandatory paraneters needed to activate the row go here
nmpl sTunnel Ext NodeConf i gRowSt at us = createAndGo (4)

}

This will create an entry in the npl sTunnel Ext NodeConfi gTable for a
G obal _ID:Node_ID. The Ingress and Egress LSR are represented by
separate entri es.

The foll owi ng read-only npl sTunnel Ext Nodel pMapTabl e table is

popul ated automatically upon creating an entry in

nmpl sTunnel Ext NodeConfi gTabl e, and this table is used to retrieve the
| ocal identifier for the given d obal _ID::Node_ ID.

I n npl sTunnel Ext Nodel pMapTabl e:

{
-- Gobal _ID (Index to the table)

nmpl sTunnel Ext Nodel pMapd obal I d = 1234,
-- Node ldentifier (Index to the table)
npl sTunnel Ext Nodel pMapNodel d = 10,
nmpl sTunnel Ext Nodel pMapLocal | d =1
-- Gobal _ID (Index to the table)
nmpl sTunnel Ext Nodel pMapd obal I d = 1234,
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Node Identifier (lIndex to the table)

npl sTunnel Ext Nodel pMapNodel d
npl sTunnel Ext Nodel pMapLocal 1d

Exanpl e of MPLS-TP Static Co-routed Bidirectional Tunnel Setup

The foll owi ng denotes the co-routed bidirectional tunnel "head"
entry.

9. 1.

{

}

Venkat esan, et al

1

nmpl sTunnel Entry

I n npl sTunnel Tabl e:

nmpl sTunnel | ndex

nmpl sTunnel | nst ance
Local map nunber created in
Ingress LSR ID

npl sTunnel | ngressLSRI d

Local map nunber created in
Egress LSR ID
npl sTunnel Egr essLSRI d
npl sTunnel Nane
npl sTunnel Descr
nmpl sTunnel | sl f
RowPoi nter MJST point to th
nmpl sTunnel XCPoi nt er

npl sTunnel Si gnal | i ngProt o

npl sTunnel Set upPri o

npl sTunnel Hol di ngPri o

nmpl sTunnel Sessi onAttri butes

nmpl sTunnel Local Prot ect | nUse
RowPoi nter MJST point to th

npl sTunnel Resour cePoi nt er

npl sTunnel | nstancePriority

nmpl sTunnel HopTabl el ndex

nmpl sTunnel | ncl udeAnyAffinity

nmpl sTunnel I ncl udeAl | Affinity

npl sTunnel Excl udeAnyAffinity

nmpl sTunnel Rol e

11
1

npléTunneIExthbdernfigTable for

11

nmpl sTunnel Ext NodeConfi gTabl e for

e

e

2,

"TP co-routed bidirectional LSP",
"East to West",

true (1),

first accessible colum

npl sXCLspld.4.0.0.0.1.1.0.4.0.0.0.1

none (1),
0,
0,
0,
false (0),

first accessible colum

npl sTunnel Resour ceMaxRat e. 5,
1

1
0,
0,
0,

head (1),

Mandat ory paraneters needed to activate the row go here

npl sTunnel RowSt at us

creat eAndGo (4)
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9.1.2.

npl sTunnel Ext Entry

An MPLS extension table

I n npl sTunnel Ext Tabl e:

{

}

-- This opposite-direction tunnel pointer may point to 0.0

-- if co-routed bidirectional tunnel is managed by single tunnel
-- entry

npl sTunnel Ext Qpposi teDirTnl Ptr =0.0

-- Set both the Ingress and Egress Localld objects to TRUE, as
-- this tunnel entry uses the local identifiers.

npl sTunnel Ext I ngressLSRLocal Idvalid = true,

nmpl sTunnel Ext Egr essLSRLocal | dvalid = true

Next, we must create the appropriate in-segnment and out-segnent
entries. These are done in [RFC3813] using the nplslnSegnment Tabl e
and npl sQut Segnent Tabl e.

9.1.3.

Forwar d- Di recti on npl sQut Segnent Entry

For the forward direction:

I n npl sCut Segnent Tabl e:

{

}

9.1. 4.

nmpl sQut Segnent | ndex = 0x0000001,

npl sQut Segent | nt er f ace = 13, -- outgoing interface
nmpl sQut Segnent PushTopLabel = true(l),

nmpl sQut Segnent TopLabel = 22, -- outgoing | abel

-- RowPointer MJUST point to the first accessible col um.
npl sQut Segrent Tr af fi cPar anPt r = 0.0,
nmpl sQut Segnent Rowst at us = createAndGo (4)

Reverse-Direction npl sl nSegnentEntry

For the reverse direction:

I n npl sl nSegrent Tabl e:

{

nmpl sl nSegnent | ndex = 0x0000001

nmpl sl nSegnent Label = 21, -- inconing | abel

nmpl sl nSegrent NPop =1,

npl sl nSegnent | nt erf ace = 13, -- incoming interface
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-- RowPointer MUST point to the first accessible col um.
npl sl nSegnent Tr af fi cPar anPtr =0.0
npl sl nSegnent RowSt at us createAndCGo (4)

}

Next, two cross-connect entries are created in the npl sXCTabl e of the
MPLS- LSR- STD-M B [ RFC3813], thereby associating the newly created
segnment s together.

9.1.5. Forward-Direction npl sXCEntry

I n npl sXCTabl e:

{
nmpl sXCl ndex = 0x01,
npl sXCl nSegnent | ndex = 0x00000000,
nmpl sXCQut Segnent | ndex = 0x00000001
mpl sXCLspl d = 0x0102 -- wunique ID
-- only a single outgoing | abe
npl sXCLabel St ackl ndex = 0x00,
npl sXCRowsSt at us = createAndCGo( 4)
}

9.1.6. Reverse-Direction nplsXCEntry

I n npl sXCTabl e:

{
nmpl sXCl ndex = 0x01
npl sXCl nSegnent | ndex = 0x00000001,
npl sXCQut Segnent | ndex = 0x00000000,
nmpl sXCLspl d = 0x0102 -- unique ID
-- only a single outgoing |abe
nmpl sXClLabel St ackl ndex = 0x00,
nmpl sXCRowsSt at us = createAndCGo( 4)
}

This table entry is extended by an entry in the npl sXCExt Table. Note
that the nature of the "extends' relationship is a sparse

augrment ation so that the entry in the npl sXCExt Tabl e has the sane

i ndex values as the entry in the npl sXCTabl e.
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9.1.7. Forward-Direction nplsXCExtEntry
I n nmpl sXCExt Tabl e (0x01, 0x00000000, 0x00000001)
-- Back pointer from XC table to Tunnel table

npl sXCExt Tunnel Poi nt er = npl sTunnel Nane. 1. 1.1. 2
npl sXCExt Opposi t eDi r XCPt r =

}
9.1.8. Reverse-Direction npl sXCExtEntry

npl sXCLspl d. 4.0.0.0.1.4.0.0.0.1.1.0

Next, for the reverse direction

I n nmpl sXCExt Tabl e (0x01, 0x00000001, 0x00000000)

{
-- Back pointer from XC table to Tunnel table
npl sXCExt Tunnel Poi nt er = npl sTunnel Nane. 1. 1.1. 2
npl sXCExt Opposi t eDi r XCPt r =
nmpl sXCLspld. 4.0.0.0.1.1.0.4.0.0.0.1
}

9.2. Exanple of MPLS-TP Static Associ ated Bidirectional Tunnel Setup

The MPLS-TP associ ated bidirectional tunnel is inplenented by two
different unidirectional tunnels (Forward and Reverse LSPs), and
these are associ ated together using npl sTunnel Ext Table. Two
different tunnel entries to provide the forward and reverse
directions MAY be used for co-routed bidirectional tunnels as well.

The followi ng denotes the associated bidirectional forward tunne
"head" entry:

9.2.1. Forward-Direction nplsTunnel Entry

I n npl sTunnel Tabl e:
{

nmpl sTunnel | ndex =

nmpl sTunnel | nst ance =
-- Local map nunber created in nmp
-- Ingress LSR ID

nmpl sTunnel | ngressLSRI d

11
15
| sTunnel Ext NodeConfi gTabl e for

1:
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-- Local nmap nunber created in npl sTunnel Ext NodeConfi gTabl e for
-- Egress LSR ID

nmpl sTunnel Egr essLSRI d = 2,

nmpl sTunnel Nane = "TP associ ated bi directiona
forward LSP",

npl sTunnel Descr = "East to West",

nmpl sTunnel | sl f =true (1),

-- RowPointer MUST point to the first accessible colum
npl sTunnel XCPoi nt er =
npl sXCLspld.4.0.0.0.1.1.0.4.0.0.0. 1,

nmpl sTunnel Si gnal | i ngPr ot o = none (1),
nmpl sTunnel Set upPrio =0
nmpl sTunnel Hol di ngPri o = 0,
npl sTunnel Sessi onAttributes = 0,
nmpl sTunnel Local Protectl nUse = false (0),

--  RowPoi nter MJST point to the first accessible colum
nmpl sTunnel Resour cePoi nt er nmpl sTunnel Resour ceMaxRat e. 5

npl sTunnel I nstancePriority =1
nmpl sTunnel HopTabl el ndex = 1,
npl sTunnel | ncl udeAnyAffinity = 0,
nmpl sTunnel I ncl udeAl'l Affinity = 0,
nmpl sTunnel Excl udeAnyAffinity = 0,
nmpl sTunnel Rol e = head (1),

-- Mandatory paraneters needed to activate the row go here
nmpl sTunnel RowSt at us = createAndGo (4)

}
9.2.2. Forward-Direction npl sTunnel ExtEntry

For the associated bidirectional forward LSP
i n npl sTunnel Ext Tabl e:

{
nmpl sTunnel Ext OppositeDirPtr = npl sTunnel Nane. 2.1.2.1

-- Set both the Ingress and Egress Localld objects to TRUE, as
-- this tunnel entry uses the local identifiers.

npl sTunnel Ext | ngressLSRLocal Idvalid = true,

npl sTunnel Ext Egr essLSRLocal I dvalid = true

}
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9.2.3. Forward-Direction npl sQut Segnent Tabl e
For the forward direction:

I n npl sCut Segnent Tabl e:

{
nmpl sQut Segnent | ndex = 0x0000001,
npl sQut Segrent | nt er f ace = 13, -- outgoing interface
nmpl sQut Segnent PushTopLabel = true(l),
nmpl sQut Segnent TopLabel = 22, -- outgoing | abel
-- RowPointer MUST point to the first accessible col um.
npl sQut Segnent Tr af fi cPar anPt r = 0.0,
nmpl sQut Segnent RowsSt at us = createAndGo (4)
}

9.2.4. Forward-Direction npl sXCEntry

I n npl sXCTabl e:

{
nmpl sXCl ndex = 0x01,
nmpl sXCl nSegrent | ndex = 0x00000000,
nmpl sXCQut Segnent | ndex = 0x00000001,
npl sXCLspl d = 0x0102 -- unique ID
-- only a single outgoing | abel
npl sXCLabel St ackl ndex = 0x00,
npl sXCRowsSt at us = createAndCGo( 4)
}

9.2.5. Forward-Direction npl sXCExtEntry
I n nmpl sXCExt Tabl e (0x01, 0x00000000, 0x00000001)
-- Back pointer from XC table to Tunnel table
npl sXCExt Tunnel Poi nt er = npl sTunnel Nane. 1.1.1. 2

npl sXCExt Qpposi t eDi r XCPt r =
npl sXCLspld. 4.0.0.0.1.4.0.0.0.1.1.0
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9.2.6. Reverse-Direction nplsTunnel Entry

The foll owi ng denotes the configured associated bidirectional reverse
tunnel "tail" entry:

I n npl sTunnel Tabl e:

{
npl sTunnel | ndex 2,

nmpl sTunnel | nst ance 1,
Local map nunber created in npl sTunnel Ext NodeConfi gTabl e for
Ingress LSR ID
nmpl sTunnel | ngressLSRI d 2,
Local map nunber created in npl sTunnel Ext NodeConfi gTabl e for
-- Egress LSR ID
nmpl sTunnel Egr essLSRI d
nmpl sTunnel Nane

1
"TP associ ated bidirectiona
reverse LSP",
npl sTunnel Descr "West to East",
npl sTunnel | sI f = true (1),
--  RowPointer MUST point to the first accessible colum
nmpl sTunnel XCPoi nt er

nplSXCLSpId.4.0.0.0.1.4.0.0.0.1.1.0,

npl sTunnel Si gnal | i ngPr ot o = none (1),
nmpl sTunnel Set upPrio =0
npl sTunnel Hol di ngPri o = 0,
npl sTunnel Sessi onAttributes = 0,
nmpl sTunnel Local Protectl nUse = false (0),

--  RowPoi nter MJST point to the first accessible colum
npl sTunnel Resour cePoi nt er npl sTunnel Resour ceMaxRat e. 5,

nmpl sTunnel | nstancePriority =1
npl sTunnel HopTabl el ndex =1,
nmpl sTunnel | ncl udeAnyAffinity = 0,
nmpl sTunnel I ncl udeAl'l Affinity = 0,
npl sTunnel Excl udeAnyAffinity = 0,

nmpl sTunnel Rol e = head (1),
-- Mandatory paraneters needed to activate the row go here

nmpl sTunnel RowSt at us = createAndGo (4)
}
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9. 2.

9.

9.

Venkat esan, et al.

7.

Reverse-Direction npl sTunnel ExtEntry

For the associ ated bidirectional reverse LSP,
i n nmpl sTunnel Ext Tabl e:

{

}

2.

8.

npl sTunnel Ext OppositeDirPtr
-- Set both the Ingress and Egress Localld objects to TRUE, as
-- this tunnel entry uses the local identifiers.

nmpl sTunnel Ext I ngressLSRLocal IdValid = true,

nmpl sTunnel Ext Egr essLSRLocal I dvalid = true

= npl sTunnel Nane. 1. 1.1.2

Reverse-Direction npl sl nSegnment Entry

Next, we must create the appropriate in-segnment and out-segnent
entries. These are done in [RFC3813] using the nplslnSegnment Tabl e
and npl sQut Segnent Tabl e.

I n npl sl nSegnent Tabl e:

{
nmpl sl nSegnment | ndex = 0x0000001
nmpl sl nSegnent Label = 21, -- incomng | abel
npl sl nSegrment NPop = 1,
nmpl sl nSegnent | nt erface = 13, -- inconing interface
-- RowPoi nter MJUST point to the first accessible col um.
nmpl sl nSegnent Traf fi cParanPtr = 0.0,
nmpl sl nSegrment RowSt at us = createAndCGo (4)
}
Next, two cross-connect entries are created in the npl sXCTable of the

MPLS- LSR- STD-M B [ RFC3813], thereby associating the newly created
segnment s together.

2.

9.

Reverse-Direction npl sXCEntry

I n npl sXCTabl e:

{

nmpl sXCl ndex = 0x01,

nmpl sXCl nSegnent | ndex = 0x00000001,

npl sXCQut Segnent | ndex = 0x00000000,

nmpl sXCLspl d = 0x0102 -- unique ID
-- only a single outgoi ng | abel

npl sXCLabel St ackl ndex = 0x00,

nmpl sXCRowsSt at us = createAndCGo( 4)
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This table entry is extended by an entry in the npl sXCExt Table. Note
that the nature of the "extends' relationship is a sparse
augrmentation so that the entry in the npl sXCExt Tabl e has the sane

i ndex values as the entry in the npl sXCTabl e.

9.2.10. Reverse-Direction npl sXCExt Entry
Next, for the reverse direction
I n npl sXCExt Tabl e (0x01, 0x00000001, 0x00000000)

-- Back pointer from XC table to Tunnel table

npl sXCExt Tunnel Poi nt er = npl sTunnel Nane. 2.1.2.1
npl sXCExt Opposi t eDi r XCPt r =
npl sXCLspl d. 4.0.0.0.1.1.0.4.0.0.0.1

9.3. Exanple of MPLS-TP Signal ed Co-routed Bidirectional Tunnel Setup

The foll owi ng denotes the co-routed bidirectional tunnel "head"
entry. In intermediate and tail-end nodes, the tunnel table and its
associ ated tables are created by the | ocal nanagenent subsystem
(e.g., agent) when the MPLS-TP Tunnel is signaled successfully.

Refer to [RFC3812] and [ RFC4802] for exanples of signaled tunne
tabl e configuration.

9.3.1. nplsTunnel Entry

I n npl sTunnel Tabl e:

{
npl sTunnel | ndex 1,

npl sTunnel | nst ance 0,

-- Local map nunber created in npl sTunnel Ext NodeConfi gTabl e for

-- Ingress LSR-1d. For the internediate and tail-end nodes,

-- the local nmanagenent entity is expected to pick the first

-- available local identifier that is not used in npl sTunnel Tabl e.
nmpl sTunnel | ngressLSRI d =1,

-- Local map nunber created in npl sTunnel Ext NodeConfi gTabl e for
-- Egress LSR ID
npl sTunnel Egr essLSRI d
npl sTunnel Nane
npl sTunnel Descr
nmpl sTunnel | sl f

2!

"TP co-routed bidirectional LSP",
"East to West",

true (1),
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RowPoi nt er
npl sTunnel XCPoi nt er

nmpl sTunnel Si gnal | i ngPr ot o

nmpl sTunnel Set upPrio

npl sTunnel Hol di ngPri o

nmpl sTunnel Sessi onAttri butes

npl sTunnel Local Prot ect | nUse
RowPoi nt er

nmpl sTunnel Resour cePoi nt er

nmpl sTunnel I nst ancePriority

npl sTunnel HopTabl el ndex

npl sTunnel | ncl udeAnyAffinity

npl sTunnel I ncl udeAl | Affinity

npl sTunnel Excl udeAnyAffinity

nmpl sTunnel Rol e

nmpl sTunnel Rowst at us
}

9.3.2. nplsTunnel ExtEntry

An MPLS extension table
I n npl sTunnel Ext Tabl e:

{

-- This opposite-direction tunne
if co-routed bidirectiona

t unnel

entry

MPLS-TP M B

MUST point to the

nmpl sTunnel Ext QppositeDir Tnl Pt r

this tunnel

t unnel

MUST point to the first accessible colum

npl sXCLspld. 4.0.0.0.1.1.0.4.0.0.0.1

none (1),
0,
0,
0
false (0),

first accessible colum

nmpl sTunnel Resour ceMaxRat e. 5,
1

1
0,
0,
0,

head (1),

Mandat ory parameters needed to activate the row go here

creat eAndGo (4)

pointer may point to 0.0
is managed by a single

=0.0

Set both the Ingress and Egress Local ld objects to TRUE, as
entry uses the |l oca
nmpl sTunnel Ext | ngressLSRLocal | dval i d

identifiers.
= true,

npl sTunnel Ext Egr essLSRLocal I dvalid = true

}

Next ,
entries.
and npl sQut Segnent Tabl e.

9.3.3.

The forward-direction npl sCut Segnent Table will

we nust create the appropriate in-segnent and out-segnent
These are done in [RFC3813] using the npl sl nSegrent Tabl e

Forward- Di recti on npl sQut Segnent Entry

be popul at ed

autonatically based on the information received fromthe signaling

pr ot ocol
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9.3.4. Reverse-Direction nplslnSegnentEntry

The reverse-direction npl sCut Segnent Table will be popul at ed
automatically based on the information received fromthe signaling
pr ot ocol

Next, two cross-connect entries are created in the npl sXCTabl e of the
MPLS- LSR- STD-M B [ RFC3813], thereby associating the newly created
segrment s toget her.

9.3.5. Forward-Direction npl sXCEntry

The forward-direction nplsXCEntry will be popul ated as soon as the
forward-path | abel information is avail able.

9.3.6. Reverse-Direction nplsXCEntry

The reverse-direction npl sXCEntry will be popul ated as soon as the
reverse-path label information is avail able.

This table entry is extended by an entry in the npl sXCExt Table. Note
that the nature of the 'extends' relationship is a sparse
augnentation so that the entry in the npl sXCExt Tabl e has the sane

i ndex values as the entry in the npl sXCTabl e.

9.3.7. Forward-Direction npl sXCExt Entry
Once the forward path information is negotiated using the signaling
protocol, the forward-direction npl sXCExtEntry will be created for
associating the opposite-direction XC entry and tunnel table entry.
9.3.8. Reverse-Direction npl sXCExt Entry
Once the reverse path information is negotiated using the signaling

protocol, the reverse-direction npl sXCExtEntry will be created for
associating the opposite-direction XC entry and tunnel table entry.
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10. MPLS Textual Convention Extension M B Definitions
MPLS- TC- EXT-STD-M B DEFINI TIONS ::= BEA N
| MPORTS
MODULE- | DENTI TY, Unsi gned32
FROM SNVPv2- SM -- RFC 2578
TEXTUAL- CONVENTI ON
FROM SNVPv2-TC -- RFC 2579
npl sSt dM B
FROM MPLS- TC- STD-M B -- RFC 3811
npl sTcExt St dM B MODULE- | DENTI TY
LAST- UPDATED
"201502020000Z" -- February 2, 2015

ORGANI ZATI ON

February 2015

"Mul tiprotocol Label Swi tching (MPLS) Wbrking G oup"

CONTACT- | NFO

Venkat esan Mahal i ngam
Dell Inc,
5450 Great Anmerica Parkway

Santa O ara, CA 95054, USA

Emai | : venkat . mahal i ngans@mai | .

Kannan KV Sanpath
Redeem
I ndi a

Emai | : kannankvs@nmail . com

Sam Al drin
Huawei Technol ogi es
2330 Central Express Wy,

com

Santa C ara, CA 95051, USA

Email: aldrin.ietf@mail.com

Thomas D. Nadeau
Emai | : tnadeau@ uci dvi si on. com

DESCRI PTI ON
"This M B nodul e cont ai ns Text ual
based transport networKks.
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Copyright (c) 2015 | ETF Trust and the persons identified as
authors of the code. Al rights reserved.

Redi stribution and use in source and binary forns, with or

wi thout nodification, is permtted pursuant to, and subject to
the license terns contained in, the Sinplified BSD License set
forth in Section 4.c of the | ETF Trust’'s Legal Provisions

Rel ating to | ETF Docunents
(http://trustee.ietf.org/license-info)."

-- Revision history.
REVI SI ON
"201502020000Z" -- February 2, 2015
DESCRI PTI ON
"MPLS Textual Convention Extensions"

:={ nplsStdM B 17 }

Mpl sd obal I'd ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON

"Thi s object contains the Textual Convention for an |P-based
operator-unique identifier (dobal ID). The dobal ID can
contain the 2-octet or 4-octet value of the operator’s
Aut ononous Syst em Number (ASN) .

When the G obal IDis derived froma 2-octet ASN,

the two high-order octets of this 4-octet identifier
MUST be set to zero (0x00). Further, ASN O is reserved.
The size of the Aobal ID string MIUST be zero if

the Gobal IDis invalid.

Note that a Gobal ID of zerois limted to entities
contained within a single operator and MUST NOT be used
across a Network-to-Network Interface (NNI). A non-zero
d obal _I D MUST be derived froman ASN owned by
t he operator."”
REFERENCE
"MPLS Transport Profile (MPLS-TP) ldentifiers, RFC 6370,
Section 3"
SYNTAX OCTET STRING (Sl ZE (4))

Mpl sCcl d ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON

"The CC (Country Code) is a string of two characters, each
bei ng an uppercase Basic Latin al phabetic (i.e., A-2).
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The characters are encoded using | TU-T Reconmendati on T.50.
The size of the CC string MIST be zero if the CCidentifier
is invalid."
REFERENCE
"MPLS-TP Identifiers Following | TU-T Conventions,
RFC 6923, Section 3.
I nternational Reference Al phabet (IRA) (Fornerly
I nternational Al phabet No. 5 or 1A5) - Information
technology - 7-bit coded character set for infornmation
exchange, | TU- T Reconmendati on T.50, Septenber 1992."
SYNTAX OCTET STRING (SIZE (0] 2))

Mpl sl ccld ::= TEXTUAL- CONVENTI ON
STATUS current
DESCRI PTI ON

"The 1ICCis a string of one to six characters, each
an uppercase Basic Latin al phabetic (i.e., A-Z) or
nuneric (i.e., 0-9). The characters are encoded
using | TU-T Recommendation T.50. The size of
the 1CC string MUST be zero if the I1CC identifier
is invalid."

REFERENCE
"MPLS-TP Identifiers Following | TU-T Conventions,
RFC 6923, Section 3.
I nternational Reference Al phabet (IRA) (Fornerly
I nternational Al phabet No. 5 or 1A5) - Information
technology - 7-bit coded character set for infornation
exchange, | TU- T Recommendati on T.50, Septenber 1992."
SYNTAX OCTET STRING (SIZE (0| 1..6))

Mpl sNodel d :: = TEXTUAL- CONVENTI ON
DI SPLAY-HI NT "d"
STATUS current
DESCRI PTI ON

"The Node_ID is assigned within the scope of
the @ obal _IDICC Operator_ID.

When | Pv4 addresses are in use, the value of this object
can be derived fromthe LSR s | Pv4 | oopback address.
When | Pv6 addresses are in use, the value of this object
can be a 32-bit value unique within the scope of

a Gobal _ID

Note that, when IP reachability is not needed, the 32-bit
Node ID is not required to have any associ ation

with the | Pv4 address space. The value of 0 indicates
an invalid Node ID."
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REFERENCE
"MPLS Transport Profile (MPLS-TP) Identifiers, RFC 6370,
Section 4"
SYNTAX Unsi gned32 (0 1..4294967295)

-- MPLS- TG EXT- STD-M B npdul e ends
END

11. MPLS Identifier MB Definitions
MPLS-I1D-STD-M B DEFINITIONS ::= BEG N

| MPORTS

MODULE- | DENTI TY, OBJECT- TYPE

FROM SNWPv2- SM -- RFC 2578
MODUL E- COVPLI ANCE, OBJECT- GROUP

FROM SNWVPv2- CONF -- RFC 2580
npl sSt dM B

FROM MPLS-TC- STD-M B -- RFC 3811
Mpl sd obal I d, Mol sCcld, Mlslccld, Ml sNodeld

FROM MPLS- TC- EXT- STD-M B

npl sl dSt dM B MODULE- | DENTI TY
LAST- UPDATED
"201502020000Z" -- February 2, 2015
ORGANI ZATI ON
"Mul tiprotocol Label Swi tching (MPLS) Wbrking G oup”

CONTACT- | NFO

Venkat esan Mahal i ngam

Dell Inc,

5450 Great Anerica Parkway,

Santa O ara, CA 95054, USA
Emai | : venkat. mahal i ngans@nai | . com

Kannan KV Sanpath
Redeem
I ndi a

Emai | : kannankvs@nmai |l . com

Sam Al drin

Huawei Technol ogi es

2330 Central Express Wy,

Santa O ara, CA 95051, USA
Email: aldrin.ietf@mail.com
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Thomas D. Nadeau
Emai | : tnadeau@ uci dvi si on. com
DESCRI PTI ON
"This MB nodul e contains identifier object definitions for
MPLS Traffic Engineering in transport networKks.

Copyright (c) 2015 I ETF Trust and the persons identified as
authors of the code. Al rights reserved.

Redi stribution and use in source and binary forns, with or

wi thout nodification, is permitted pursuant to, and subject to
the license terns contained in, the Sinplified BSD Li cense set
forth in Section 4.c of the | ETF Trust’'s Legal Provisions

Rel ating to | ETF Docunents
(http://trustee.ietf.org/license-info)."

-- Revision history.

REVI SI ON
"201502020000Z" -- February 2, 2015
DESCRI PTI ON
"This MB nodul es defines the MB objects for MPLS-TP
identifiers”

c:={ nmplsStdM B 18 }

-- notifications

nmpl sl dNoti fi cati ons OBJECT | DENTI FI ER : :
-- tables, scalars

nmpl sl dbj ect s OBJECT | DENTI FI ER ::
-- conformance

npl sl dConf or mance OBJECT | DENTI FI ER ::

{ mplsldStdM B 0 }

{ nmplsldStdM B 1 }

{ nmplsldStdM B 2 }
-- MPLS common obj ects

npl sl dd obal | d OBJECT- TYPE
SYNTAX Mpl sd obal I d
MAX- ACCESS read-wite
STATUS current
DESCRI PTI ON
"This object allows the operator or service provider to
assign a unique operator identifier, also called the MPLS-TP
G obal _I D
If this value is used in npl sTunnel Ext NodeConfi gd obal I d
for mapping G obal _ID :Node IDwith the local identifier,
then this object value MUST NOT be changed. "
:={ nmplsldjects 11}
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npl sl dNodel d OBJECT- TYPE

SYNTAX Mpl sNodel d
MAX- ACCESS read-wite
STATUS current
DESCRI PTI ON

February 2015

"This object allows the operator or service provider to

assign a unique MPLS-TP Node ID. The Node ID is

assi gned

within the scope of the dobal I D/ICC Operator_ID
If this value is used in npl sTunnel Ext NodeConfi gNodel d

for mapping Gobal _ID: :Node IDwth the |oca
then this object value SHOULD NOT be changed.

identifier,

If this value is used in npl sTunnel Ext NodeConfi gNodel d
for mapping |1 CC Operator _ID::Node IDwith the |oca

identifier,
::={ mplsldbjects 2}

nmpl sl dCc OBJECT- TYPE
SYNTAX Mpl sCcl d
MAX- ACCESS read-wite
STATUS current
DESCRI PTI ON

then this object value MJUST NOT be changed."

"This object allows the operator or service provider to

assign a Country Code (CC) to the node.
uni queness of
with a Country Code (CC).

d oba

ICC is assured by concatenating the |ICC

If this value is used in npl sTunnel Ext NodeConfi gCcld
for mapping | CC_Operator_ID::Node_IDwith the |oca

identifier,
REFERENCE

"MPLS-TP Identifiers Following | TU-T Conventi ons,

RFC 6923, Section 3"
o= { nplsldObjects 3}

nmpl sl dl cc OBJECT- TYPE
SYNTAX Mpl sl ccl d
MAX- ACCESS read-wite
STATUS current
DESCRI PTI ON

then this object value MUST NOT be changed."

"This object allows the operator or service provider to

assign a unique MPLS-TP ITU-T Carrier Code (1CC
the node. Together, the CC and the I CC form
the 1 CC _Operator_ID as CC. :1CC

to

If this value is used in npl sTunnel Ext NodeConfi gl ccld
for mapping | CC_Operator_ID::Node_ID with the |oca

identifier,
REFERENCE
"MPLS-TP Identifiers Following | TU-T Conventions,
RFC 6923, Section 3"
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::={ nmplsldjects 4}
-- Modul e conpli ance.

nmpl sl dConpl i ances
OBJECT | DENTI FI ER ::

{ npl sl dConfornance 1 }

nmpl sI dG oups
OBJECT | DENTI FI ER : :

{ npl sl dConf or nance 2 }
-- Compliance requirenent for fully conpliant inplenentations.

nmpl sI dModul eFul | Conpl i ance MODULE- COVPLI ANCE
STATUS current
DESCRI PTI ON
"Conpliance statenent for agents that provide full
support of the MPLS-1D-STD-M B nodul e.

MODULE -- this nodul e

-- The mandatory group has to be inplenented by all LSRs that
-- originate, termnate, or act as transit for MPLS-TP Tunnels.

GROUP npl sl dl pOper at or G oup
DESCRI PTI ON
"This group is mandatory for devices that support
| P-based identifier configuration."

GROUP npl sl dl ccOper at or G oup
DESCRI PTI ON
"This group is mandatory for devices that support
| CC-based identifier configuration."

::={ mplsldConpliances 1}
-- Conpliance requirenent for read-only inplenentations.
npl s| dMbdul eReadOnl yConpl i ance MODULE- COVPLI ANCE
STATUS current
DESCRI PTI ON
"Conpliance statenent for agents that only provide
read-only support for the MPLS-1D-STD-M B nodul e. "

MODULE -- this nodul e
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GROUP npl sl dl pOper at or G oup
DESCRI PTI ON
"This group is mandatory for devices that support
| P-based identifier configuration."

GROUP npl sl dl ccOper at or G oup
DESCRI PTI ON
"This group is mandatory for devices that support
| CC-based identifier configuration."

OBJECT  nplsldd obal I d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required.”
OBJECT  npl sl dNodel d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required."
OBJECT  nplsldCc
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required."
OBJECT nplsldlcc
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required.

::={ nplsldConpliances 2 }
-- Units of conformance.

mpl sl dl pOper at or G oup OBJECT- GROUP
OBJECTS { npl sl dd obal I d,
npl s| dNodel d

}

STATUS current

DESCRI PTI ON
"The objects in this group are optional for an
| CC- based node. "

::={ mplsldGoups 1}
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nmpl sl dl ccOper at or G oup OBJECT- GROUP
OBJECTS { npl sl dNodel d,
nmpl sl dCc,
nmpl sl dl cc

}

STATUS current

DESCRI PTI ON
"The objects in this group are optional for an
| P- based node. "

:={ nmplsldGoups 2}

-- MPLS-I D STD-M B nodul e ends
END

12. MPLS LSR Extension M B Definitions
MPLS- LSR- EXT-STD-M B DEFINITIONS :: = BEG N

| MPORTS

MODULE- | DENTI TY, OBJECT- TYPE

FROM SNWPv2- SM -- RFC 2578
MODULE- COVPLI ANCE, OBJECT- GROUP

FROM SNWPv 2- CONF -- RFC 2580
npl sSt dM B

FROM MPLS-TC- STD-M B -- RFC 3811
RowPoi nt er

FROM SNWPv2- TC -- RFC 2579
nmpl sXCl ndex, npl sXCl nSegnent | ndex, npl sXCQOut Segnent | ndex,
mpl sl nterfaceG oup, npl sl nSegment G- oup, npl sQut Segnent G- oup,
npl sXCG oup, npl sLsrNotificati onG oup

FROM MPLS- LSR- STD- M B; -- RFC 3813

npl sLsr Ext St dM B MODULE- | DENTI TY
LAST- UPDATED
"201502020000Z" -- February 2, 2015
ORGANI ZATI ON
"Mul tiprotocol Label Switching (MPLS) Wrking G oup"
CONTACT- | NFO

Venkat esan Mahal i ngam

Del | Inc,

5450 Great Anerica Parkway,

Santa O ara, CA 95054, USA
Emai | : venkat. mahal i ngans@nai | . com
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Kannan KV Sanpath
Redeem
I ndi a

Emai | : kannankvs@nmail . com

Sam Al drin

Huawei Technol ogi es

2330 Central Express Wy,

Santa Cara, CA 95051, USA
Email: aldrin.ietf@mail.com

Thomas D. Nadeau
Emai | : tnadeau@ uci dvi si on. com
DESCRI PTI ON
"This M B nodul e contains generic object definitions for
MPLS LSRs in transport networks.

Copyright (c) 2015 | ETF Trust and the persons identified as
authors of the code. Al rights reserved.

Redi stribution and use in source and binary forns, with or

wi thout nodification, is permtted pursuant to, and subject to
the license terns contained in, the Sinplified BSD Li cense set
forth in Section 4.c of the | ETF Trust’'s Legal Provisions

Rel ating to | ETF Docunents
(http://trustee.ietf.org/license-info)."

-- Revision history.

REVI SI ON
"201502020000Z" -- February 2, 2015
DESCRI PTI ON
"MPLS LSR-specific MB objects extension"

:={ nplsStdM B 19 }

-- notifications
npl sLsrExt Notifications OBJECT IDENTIFIER ::= { nplsLsrExtStdMB 0 }

-- tables, scalars
npl sLsr Ext Obj ect s OBJECT | DENTI FI ER
::={ nplsLsrExtStdM B 1 }
-- conformance
nmpl sLsr Ext Conf or mance OBJECT | DENTI FI ER
:={ nmplsLsrExtStdM B 2 }

-- MPLS LSR common obj ects
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npl sXCExt Tabl e OBJECT- TYPE

SYNTAX SEQUENCE OF Mpl sXCExt Entry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"This tabl e sparse augnents the npl sXCTabl e of
MPLS- LSR-STD-M B (RFC 3813) to provide MPLS-TP-specific
i nformation about associated tunnel information"
REFERENCE
"Mul tiprotocol Label Switching (MPLS) Label Switching
Rout er (LSR) Managenent |nformation Base (M B), RFC 3813."
.= { nplsLsrExthjects 1}

npl sXCExt Entry OBJECT- TYPE
SYNTAX Mpl sXCExt Entry
MAX- ACCESS not - accessi bl e

STATUS current
DESCRI PTI ON
"An entry in this table sparsely extends the cross-connect
i nformati on represented by an entry in
the nmpl sXCTable in MPLS-LSR-STD-M B (RFC 3813) through
a sparse augnentation. An entry can be created by
a network operator via SNVP SET conmands or in
response to signaling protocol events."
REFERENCE
"Mul tiprotocol Label Switching (MPLS) Label Switching
Rout er (LSR) Managenent |nformation Base (M B), RFC 3813."

I NDEX { npl sXCl ndex, npl sXCl nSegnent | ndex,
nmpl sXCQut Segnent | ndex }
ci= { npl sXCExt Table 1 }

Mpl sXCExt Entry ::= SEQUENCE {
npl sXCExt Tunnel Poi nt er RowPoi nt er,
npl sXCExt Qpposi t eDi r XCPt r RowPoi nt er
}
npl sXCExt Tunnel Poi nt er OBJECT- TYPE
SYNTAX RowPoi nt er
MAX- ACCESS read-only
STATUS current
DESCRI PTI ON

"This read-only object indicates the back pointer to
the tunnel entry segment.

The only valid value for Tunnel Pointer is

nmpl sTunnel Tabl e entry."
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REFERENCE
"Mul tiprotocol Label Switching (MPLS) Label Switching
Rout er (LSR) Managenent |nformati on Base (M B), RFC 3813."
c:={ mpl sXCextEntry 1 }

npl sXCExt Opposi t eDi r XCPt r OBJECT- TYPE

SYNTAX RowPoi nt er
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"This object indicates the pointer to the opposite-
direction XC entry. This object cannot be nodified if
npl sXCRowSt at us for the corresponding entry in the

npl sXCTabl e is active(l). |If this pointer is not set or
removed, npl sXCOper St atus should be set to down(2)."
REFERENCE

"Mul tiprotocol Label Switching (MPLS) Label Switching
Rout er (LSR) Managenent |nformation Base (M B), RFC 3813."
= { mpl sXCextEntry 2 }

npl sLsr Ext Conpl i ances
OBJECT | DENTI FI ER : :

{ npl sLsr Ext Conformance 1 }

nmpl sLsr Ext G oups

OBJECT | DENTI FI ER ::= { npl sLsr Ext Conformance 2 }

-- Conpliance requirenment for fully conpliant inplenentations.

nmpl sLsr Ext Modul eFul | Conpl i ance MODULE- COVPLI ANCE

STATUS current

DESCRI PTI ON
"Conpliance statenent for agents that provide full support
for MPLS-LSR- EXT- STD-M B.
The mandatory group has to be inplenented by all LSRs
that originate, termi nate, or act as transit for
TE- LSPs/ t unnel s.
I n addition, depending on the type of tunnels supported,
ot her groups becone nandatory as expl ai ned bel ow. "

MODULE MPLS-LSR-STD-M B -- The MPLS-LSR-STD-M B, RFC 3813

MANDATORY- GROUPS {
nmpl sl nSegnent Gr oup,
npl sQut Segnent G oup,
nmpl sXCGr oup,
nmpl sLsrNoti ficati onG oup
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MODULE -- this nodul e

MANDATORY- GROUPS {
nmpl sXCExt G- oup

}
;.= { nplsLsrExt Conpliances 1 }

-- Conpliance requirenment for inplenentations that provide
-- read-only access.

npl sLsr Ext Modul eReadOnl yConpl i ance MODULE- COVPLI ANCE
STATUS current
DESCRI PTI ON
"Conpliance requirement for inplenentations that only
provi de read-only support for MPLS-LSR-EXT-STD- M B.
Such devices can then be nonitored but cannot be
configured using this MB nodul e. "

MODULE MPLS-LSR-STD-M B

MANDATORY- GROUPS {
mpl sl nterfaceG oup,
npl sl nSegnent Gr oup,
nmpl sQut Segnent Gr oup

}
MODULE -- this nodul e

GROUP npl sXCExt ReadOnl yhj ect sGr oup
DESCRI PTI ON
"This group is mandatory for devices that support
opposite-directi on XC configuration of tunnels."

-- npl sXCExt Tabl e

OBJECT npl sXCExt Opposi teDi r XCPt r

M N- ACCESS read-only

DESCRI PTI ON

"Wite access is not required.

This object indicates the pointer to the opposite-
direction XC entry. The only valid value for XC
Pointer is npl sXCTable entry."

.= { npl sLsrExt Conpliances 2 }

-- Units of conformance.
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npl sXCExt Group OBJECT- GROUP
OBJECTS {
npl sXCExt Tunnel Poi nt er,
nmpl sXCExt Opposi t eDi r XCPt r

}

STATUS current

DESCRI PTI ON
"Thi s object should be supported in order to access
the tunnel entry fromthe XC entry."

::={ nmplsLsrExtGoups 1}

npl sXCExt ReadOnl yObj ect sGroup OBJECT- GROUP
OBJECTS {

nmpl sXCExt Tunnel Poi nt er,

npl sXCExt Opposi t eDi r XCPt r

}

STATUS current

DESCRI PTI ON
"This Object is needed to associate the opposite-direction
(forward/reverse) XC entry."

c:={ nplsLsrExtGoups 2}

-- MPLS-LSR- EXT- STD-M B nodul e ends
END

13. MPLS Tunnel Extension M B Definitions

This M B nodul e inports from[RFC2578], [RFC2579], [RFC2580],
[ RFC3289], [RFC3811], and [ RFC3812].

MPLS- TE- EXT-STD-M B DEFINITIONS ::= BEG N

| MPORTS

MODULE- | DENTI TY, OBJECT- TYPE

FROM SNWVPv2- SM -- RFC 2578
MODULE- COVPLI ANCE, OBJECT- GROUP

FROM SNWVPv2- CONF -- RFC 2580
Trut hVal ue, RowSt atus, RowPoi nter, StorageType

FROM SNWPv2- TC -- RFC 2579
I ndex| nt eger Next Fr ee

FROM DI FFSERV- M B -- RFC 3289
Mpl sd obal I d, Mol sNodeld, Ml sCcld, Mlslccld

FROM MPLS- TC- EXT- STD-M B
nmpl sSt dM B, Ml sTunnel | ndex, Ml sTunnel | nst ancel ndex,
Mpl sExt endedTunnel | d

FROM MPLS- TC- STD-M B -- RFC 3811
nmpl sTunnel | ndex, npl sTunnel | nstance, npl sTunnel I ngressLSRI d,
npl sTunnel Egr essLSRI d
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FROM MPLS- TE- STD-M B -- RFC 3812

npl sTeExt St dM B MODULE- | DENTI TY
LAST- UPDATED
"201502020000Z" -- February 2, 2015
ORGANI ZATI ON
"Mul tiprotocol Label Switching (MPLS) Wrking G oup"
CONTACT- | NFO

Venkat esan Mahal i ngam

Dell Inc,

5450 Great Anerica Parkway,

Santa O ara, CA 95054, USA
Emai | : venkat . mahal i ngams@nai | . com

Kannan KV Sanpat h
Redeem
I ndi a

Emai | : kannankvs@nai | . com

Sam Al drin

Huawei Technol ogi es

2330 Central Express Wy,

Santa O ara, CA 95051, USA
Email: aldrin.ietf@nuail.com

Thomas D. Nadeau
Enmai | : tnadeau@ uci dvi si on. com
DESCRI PTI ON
"This M B nodul e contains generic object definitions for
extending the MPLS Traffic Engineering tunnels in transport
net wor ks.

Copyright (c) 2015 | ETF Trust and the persons identified as
authors of the code. Al rights reserved.

Redi stribution and use in source and binary forms, with or

wi thout nodification, is permtted pursuant to, and subject to
the license terns contained in, the Sinplified BSD Li cense set
forth in Section 4.c of the IETF Trust’'s Legal Provisions

Rel ating to | ETF Docunents
(http://trustee.ietf.org/license-info)."
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-- Revision history.

REVI SI ON
"201502020000Z" -- February 2, 2015

DESCRI PTI ON
"MPLS TE M B obj ects extension"

:={ mplsStdM B 20 }
-- Top-level components of this M B nodul e.
-- tables, scalars
nmpl sTeExt Cbj ect s OBJECT | DENTI FI ER
i={ nplsTeExtStdM B 0 }
-- conformance
nmpl sTeExt Conf or mance OBJECT | DENTI FI ER
c:={ nmplsTeExtStdM B 1 }
-- Start of MPLS Transport Profile Node configuration table

nmpl sTunnel Ext NodeConf i gLocal | dNext OBJECT- TYPE

SYNTAX I ndexI| nt eger Next Free (0..16777215)
MAX- ACCESS read-only

STATUS current

DESCRI PTI ON

"Thi s object contains an unused val ue for
nmpl sTunnel Ext NodeConfi gLocal Id, or a zero to indicate
that none exist. Negative values are not allowed,
as they do not correspond to valid val ues of
nmpl sTunnel Ext NodeConfi gLocal I d. "
= { nplsTeExt bjects 1}

nmpl sTunnel Ext NodeConf i gTabl e OBJECT- TYPE

SYNTAX SEQUENCE OF Mpl sTunnel Ext NodeConfi gEntry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"This table allows the operator to map a node or
LSR identifier (I1P-conpatible [d obal _|ID::Node_ I D] or
| CC-based [I1 CC_Operator_ID: :Node_ID]) with a | oca
identifier.

This table is created to reuse the existing

npl sTunnel Tabl e for MPLS-based transport network
tunnel s al so.
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Since the MPLS tunnel’s Ingress/Egress LSR identifiers’

size (Unsigned32) value is not conpatible for

MPLS- TP Tunnel, i.e., G obal _ID :Node |ID of size 8 bytes and

| CC_Qperator_ID::Node_ I D of size 12 bytes, there exists a

need to map the G obal _ID::Node_ ID or I CC Operator_ID::Node ID
with the local identifier of size 4 bytes (Unsigned32) val ue
in order to index (lngress/Egress LSR identifier)

t he existing npl sTunnel Table."

::={ nplsTeExt Cbjects 2 }

npl sTunnel Ext NodeConfi gEntry OBJECT- TYPE

SYNTAX Mpl sTunnel Ext NodeConfi gEntry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"An entry in this table represents a mapping
identification for the operator or service provider
to a node or an LSR

As per RFC 6370, |P-conpatible mapping is represented
as dobal _|ID:: Node |D.

As per RFC 6923, the CC and the I1CC formthe I CC Qperator_ID
as CC.:1CC, and | CC-conpatible mapping is represented
as | CC_Operator_| D:: Node_I D.

Note: Each entry in this table should have a uni que

[Gobal I D and Node_ ID] or [CC: :1CC and Node_I| D] conbination.”
I NDEX { npl sTunnel Ext NodeConfi gLocal I d }

;.= { nmpl sTunnel Ext NodeConfi gTable 1 }

Mpl sTunnel Ext NodeConfi gEntry ::= SEQUENCE {
nmpl sTunnel Ext NodeConfi gLocal I d Mpl sExt endedTunnel I d,
nmpl sTunnel Ext NodeConf i gd obal 1 d Mpl sd obal I d,
npl sTunnel Ext NodeConfi gCcl d Mpl sCcl d,
npl sTunnel Ext NodeConfi gl ccld Mpl sl ccl d,
nmpl sTunnel Ext NodeConf i gNodel d Mpl sNodel d,

npl sTunnel Ext NodeConfi gl ccVal i d Trut hval ue,
nmpl sTunnel Ext NodeConf i gSt or ageType St orageType,
nmpl sTunnel Ext NodeConf i gRowSt at us RowSt at us

}

npl sTunnel Ext NodeConfi gLocal Id OBJECT- TYPE
SYNTAX Mpl sExt endedTunnel I d
MAX- ACCESS not - accessi bl e
STATUS current
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DESCRI PTI ON
"This object is used in accommodati ng t he bigger-
size G obal _I D : Node_I D and/or the | CC Operator_|D:: Node_I D
with the smaller-size LSRidentifier in order to index
t he npl sTunnel Tabl e.

The local identifier is configured between 0 and 16777215,
as the valid | P address range starts from
16777216(01. 00. 00. 00) .

This range is chosen to determ ne whether the

nmpl sTunnel Tabl e’ s I ngress/Egress LSR ID is an | P address or
local identifier. |If the configured range is not an

| P address, the operator is expected to retrieve the
conplete information (d obal _ID:: Node_I D or

| CC_Qperator_I D::Node_I D) from npl sTunnel Ext NodeConfi gTabl e.
This way, the existing nplsTunnel Table is reused for

bi di recti onal tunnel extensions for MPLS-based transport
net wor ks.

The local identifier allows the operator to assign
a unique identifier to map d obal _I D:: Node_I D and/ or
| CC_Qperator_ID::Node_ ID. As this local identifier is unique
within the node and the sane syntax of this object can be
used for MPLS-TE tunnel also, it is up to the operator/loca
managenent entity to choose a non-conflicting value for
i ndexi ng the MPLS and MPLS-TP tunnel entries."”

i = { npl sTunnel Ext NodeConfi gEntry 1 }

npl sTunnel Ext NodeConfi gd obal I d OBJECT- TYPE

SYNTAX Mpl sd obal I d
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"This object indicates the dobal Operator Identifier
Thi s obj ect has no neani ng when
npl sTunnel Ext NodeConfiglccvValid is set true."
REFERENCE
"MPLS Transport Profile (MPLS-TP) Identifiers, RFC 6370,
Section 3."
::= { npl sTunnel Ext NodeConfi gEntry 2 }

nmpl sTunnel Ext NodeConfi gCcl d OBJECT- TYPE

SYNTAX Mpl sCcl d
MAX- ACCESS read-create
STATUS current
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DESCRI PTI ON
"This object allows the operator or service provider to
configure a unique MPLS-TP ITU- T Country Code (CC
either for Ingress ID or Egress ID

Thi s obj ect has no neani ng when
nmpl sTunnel Ext NodeConfiglccValid is set to false."
REFERENCE
"MPLS-TP Identifiers Followi ng | TUT Conventi ons,
RFC 6923, Section 3"
::= { npl sTunnel Ext NodeConfi gEntry 3 }

nmpl sTunnel Ext NodeConfi gl ccl d OBJECT- TYPE

SYNTAX Mpl sl ccl d

MAX- ACCESS read-create

STATUS current

DESCRI PTI ON
"This object allows the operator or service provider to
configure a unique MPLS-TP ITU-T Carrier Code (ICC
either for Ingress ID or Egress ID

Thi s obj ect has no neani ng when
nmpl sTunnel Ext NodeConfiglccValid is set to false.”
REFERENCE
"MPLS-TP Identifiers Following | TU-T Conventi ons,
RFC 6923, Section 3"
i = { npl sTunnel Ext NodeConfi gEntry 4 }

nmpl sTunnel Ext NodeConfi gNodel d OBJECT- TYPE

SYNTAX Mpl sNodel d
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"This object indicates the Node ID within the scope
of a Gobal _IDor I1CC Operator_ID."
REFERENCE
"MPLS Transport Profile (MPLS-TP) ldentifiers, RFC 6370,
Section 4."
::={ npl sTunnel Ext NodeConfi gEntry 5 }

nmpl sTunnel Ext NodeConfi gl ccValid OBJECT- TYPE

SYNTAX Tr ut hVal ue
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"Denotes whether or not this entry uses
nmpl sTunnel Ext NodeConf i gCcl d,
npl sTunnel Ext NodeConfi gl ccld, and
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nmpl sTunnel Ext NodeConf i gNodel d for mappi ng
the 1 CC-based identifiers with the local identifier.
Note that if this variable is set to false, then the
nmpl sTunnel Ext NodeConfi gd obal 1 d and
nmpl sTunnel Ext NodeConf i gNodel d obj ects shoul d have
the valid information."
DEFVAL { false }
.= { npl sTunnel Ext NodeConfi gEntry 6 }

nmpl sTunnel Ext NodeConf i gSt or ageType OBJECT- TYPE

SYNTAX St or ageType
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON
"This variable indicates the storage type for this
obj ect.

Conceptual rows having the val ue ’pernmanent’
need not allow wite-access to any col umar
objects in the row"

DEFVAL { volatile }

i = { npl sTunnel Ext NodeConfi gEntry 7 }

nmpl sTunnel Ext NodeConf i gRowSt at us OBJECT- TYPE

SYNTAX RowSt at us
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"This object allows the operator to create, nodify,
and/ or delete a rowin this table.”
;.= { npl sTunnel Ext NodeConfi gEntry 8 }

-- End of MPLS Transport Profile Node configuration table

-- Start of MPLS Transport Profile Node |IP-conpatible
-- mapping table

nmpl sTunnel Ext Nodel pMapTabl e OBJECT- TYPE

SYNTAX SEQUENCE OF Ml sTunnel Ext Nodel pMapEnt ry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"This read-only table allows the operator to retrieve

the local identifier for a given dobal _ID::Node IDin an
| P-conpati bl e operator environment.

This table MAY be used in on-demand and/or proactive

OAM operations to get the Ingress/Egress LSR identifier
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(local identifier) from Src-d obal _Node_ | D
or Dst-d obal Node ID. The Ingress and Egress LSR
identifiers are used to retrieve the tunnel entry.

This table returns nothing when the associated entry
is not defined in npl sTunnel Ext NodeConfi gTabl e. "
::={ nplsTeExt bjects 3 }

npl sTunnel Ext Nodel pMapEnt ry OBJECT- TYPE

SYNTAX Mpl sTunnel Ext Nodel pMapEnt ry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"An entry in this table represents a mappi ng of
G obal _ID :Node IDwith the local identifier.

An entry in this table is created automatically when
the local identifier is associated with d obal |ID and
Node Id in the npl sTunnel Ext NodeConfi gTabl e.

Note: Each entry in this table should have a uni que
d obal _I D and Node_ | D conbi nation. "
I NDEX { npl sTunnel Ext Nodel pMapd obal I d,
npl sTunnel Ext Nodel pMapNodel d

}
.= { npl sTunnel Ext Nodel pMapTable 1 }

Mpl sTunnel Ext Nodel pMapEntry ::= SEQUENCE {
nmpl sTunnel Ext Nodel pMapd obal I d Mpl sd obal I d,
npl sTunnel Ext Nodel pMapNodel d Mpl sNodel d,
npl sTunnel Ext Nodel pMapLocal 1d Mpl sExt endedTunnel | d
}
nmpl sTunnel Ext Nodel pMapd obal Id OBJECT- TYPE
SYNTAX Mpl sd obal I'd
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON

"This object indicates the dobal _ID."
::={ npl sTunnel Ext Nodel pMapEntry 1 }

npl sTunnel Ext Nodel pMapNodel d OBJECT- TYPE

SYNTAX Mpl sNodel d
MAX- ACCESS not - accessi bl e
STATUS current
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DESCRI PTI ON
"This object indicates the Node ID within the
operator."

::={ npl sTunnel Ext Nodel pMapEntry 2 }

nmpl sTunnel Ext Nodel pMapLocal | d OBJECT- TYPE

SYNTAX Mpl sExt endedTunnel I d
MAX- ACCESS read-only

STATUS current

DESCRI PTI ON

"This object contains an | P-conpatible |ocal identifier
that is defined in npl sTunnel Ext NodeConfi gTabl e. "
.= { npl sTunnel Ext Nodel pMapEntry 3 }
-- End MPLS Transport Profile Node |IP conpatible table
-- Start of MPLS Transport Profile Node | CC based table

nmpl sTunnel Ext Nodel ccMapTabl e OBJECT- TYPE

SYNTAX SEQUENCE OF Ml sTunnel Ext Nodel ccMapEntry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"This read-only table allows the operator to retrieve
the local identifier for a given | CC_ Operator_ID::Node |ID
in an | CC operator environment.

This table MAY be used in on-demand and/ or proactive

OAM operations to get the Ingress/Egress LSR

identifier (local identifier) fromSrc-1CC

or Dst-1CC. The Ingress and Egress LSR

identifiers are used to retrieve the tunnel entry.

This table returns nothing when the associated entry

is not defined in npl sTunnel Ext NodeConfi gTabl e. "
::={ nplsTeExt Cbjects 4 }

npl sTunnel Ext Nodel ccMapEntry OBJECT- TYPE

SYNTAX Mpl sTunnel Ext Nodel ccMapEnt ry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"An entry in this table represents a mappi ng of
| CC_ Qperator _ID::Node IDwith the |ocal identifier

An entry in this table is created automatically when
the local identifier is associated with

| CC_Operator_ID::Node_ID in

t he npl sTunnel Ext NodeConfi gTabl e. "
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I NDEX { npl sTunnel Ext Nodel ccMapCcl d,

npl sTunnel Ext Nodel ccMapl ccl d,
npl sTunnel Ext Nodel ccMapNodel d }

::={ npl sTunnel Ext Nodel ccMapTable 1 }

Mpl sTunnel Ext Nodel ccMapEntry :: = SEQUENCE {
nmpl sTunnel Ext Nodel ccMapCcl d Mpl sCcl d,
npl sTunnel Ext Nodel ccMapl ccl d Mpl sl ccl d,
nmpl sTunnel Ext Nodel ccMapNodel d Mpl sNodel d,
nmpl sTunnel Ext Nodel ccMapLocal I d Mpl sExt endedTunnel I d
}
nmpl sTunnel Ext Nodel ccMapCcl d OBJECT- TYPE
SYNTAX Mpl sCcl d
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON

"This object allows the operator or service provider to

configure a unique MPLS-TP ITU-T Country Code (CC
either for Ingress or Egress LSR ID.

The CCis a string of two al phabetic characters
represented with uppercase letters (i.e., A-Z)."
{ npl sTunnel Ext Nodel ccMapEntry 1 }

npl sTunnel Ext Nodel ccMapl ccl d OBJECT- TYPE

SYNTAX Mpl sl ccl d

MAX- ACCESS not - accessi bl e
STATUS current

DESCRI PTI ON

"This object allows the operator or service provider
to configure a unique MPLS-TP ITU-T Carrier
Code (I CC) either for Ingress or Egress LSR ID.

The 1CCis a string of one to six characters, each
character being either al phabetic (i.e., A-Z) or
nuneric (i.e., 0-9) characters. Al phabetic characters
in the | CC should be represented with uppercase
letters."”

::= { npl sTunnel Ext Nodel ccMapEntry 2 }

npl sTunnel Ext Nodel ccMapNodel d OBJECT- TYPE

SYNTAX Mpl sNodel d
MAX- ACCESS not - accessi bl e
STATUS current

DESCRI PTI ON

"This object indicates the Node_ID within the
| CC-based operator."”
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.= { npl sTunnel Ext Nodel ccMapEntry 3}

npl sTunnel Ext Nodel ccMapLocal Id OBJECT- TYPE

SYNTAX Mpl sExt endedTunnel I d
MAX- ACCESS read-only

STATUS current

DESCRI PTI ON

"This object contains an | CC-based | ocal identifier
that is defined in npl sTunnel Ext NodeConfi gTabl e. "
::={ npl sTunnel Ext Nodel ccMapEntry 4 }
-- End MPLS Transport Profile Node | CC based table
-- Start of MPLS Tunnel table extension

nmpl sTunnel Ext Tabl e OBJECT- TYPE

SYNTAX SEQUENCE OF Mol sTunnel Ext Entry
MAX- ACCESS not - accessi bl e

STATUS current

DESCRI PTI ON

"This table represents extensions to nplsTunnel Tabl e
in order to support MPLS-TP Tunnel s.

As per MPLS-TP ldentifiers (RFC 6370), LSP ID for |P-based
co-routed bidirectional tunnel

Al-{d obal _I D: : Node_I D: : Tunnel _Nun}:: Z9-{d obal _I D
Node_ I D:: Tunnel _Nun}:: LSP_Num

LSP_ID for |IP based associ ated bidirectional tunnel
Al-{d obal _I D:: Node_ | D:: Tunnel _Num : LSP_Nun}:
Z9-{d obal _I D:: Node_I D: : Tunnel _Num : LSP_Nun}

nmpl sTunnel Table is reused for formng the LSP_ID
as follows:

Source Tunnel _Numis mapped w th npl sTunnel | ndex,

Source Node_ID is nmapped with

nmpl sTunnel | ngressLSRI d, Destination Node ID s

mapped wi th npl sTunnel EgressLSRId, and LSP_Numis mapped with
nmpl sTunnel | nst ance.

Source d obal _ID::Node |ID and/or |1 CC Operator_|ID::Node | D and
Destination d obal _ID::Node_|I D and/or | CC Operator_ID:: Node-I1D
are maintained in the npl sTunnel Ext NodeConfi gTabl e.

nmpl sTunnel Ext NodeConfi gLocal Id is used to create an entry

i n mpl sTunnel Tabl e. "
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REFERENCE
"MPLS Transport Profile (MPLS-TP) Identifiers, RFC 6370."
c:= { npl sTeExt Cbj ects 5 }

nmpl sTunnel Ext Entry OBJECT- TYPE

SYNTAX Mpl sTunnel Ext Entry
MAX- ACCESS not - accessi bl e
STATUS current
DESCRI PTI ON

"An entry in this table represents additional MPLS-TP-
specific tunnel configurations.”
| NDEX {
npl sTunnel | ndex,
npl sTunnel | nst ance,
nmpl sTunnel | ngr essLSRI d,
nmpl sTunnel Egr essLSRI d

}
::= { nplsTunnel Ext Table 1 }

Mpl sTunnel Ext Entry ::= SEQUENCE {
npl sTunnel Ext OppositeDirPtr RowPoi nt er,
nmpl sTunnel Ext Qpposi teDir Tnl Val i d Tr ut hval ue
nmpl sTunnel Ext Dest Tnl | ndex Mpl sTunnel | ndex,
npl sTunnel Ext Dest Tnl Lspl ndex Mpl sTunnel | nst ancel ndex,
npl sTunnel Ext Dest Tnl Val i d Tr ut hval ue

npl sTunnel Ext | ngressLSRLocal I dvalid Trut hVal ue,
npl sTunnel Ext Egr essLSRLocal | dvalid  Trut hVal ue

}
npl sTunnel Ext QppositeDirPtr OBJECT- TYPE
SYNTAX RowPoi nt er
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"This object points to the opposite-direction tunnel entry."
::={ nplsTunnel ExtEntry 1 }

nmpl sTunnel Ext QppositeDirTnl Valid OBJECT- TYPE

SYNTAX Trut hVal ue
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"Denot es whether or not this tunnel uses
npl sTunnel Ext QppositeDirPtr for identifying the opposite-
direction tunnel information. Note that if this variable
is set to true, then the npl sTunnel Ext OppositeDirPtr shoul d
point to the first accessible row of the valid opposite-
direction tunnel."
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DEFVAL { false }
c:= { nplsTunnel ExtEntry 2 }

nmpl sTunnel Ext Dest Tnl | ndex OBJECT- TYPE

SYNTAX Mpl sTunnel | ndex
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"This object is applicable only for the bidirectiona
tunnel that has the forward and reverse LSPs in the
different tunnel entries.

The val ues of this object and the

nmpl sTunnel Ext Dest Tnl Lspl ndex obj ect together can be used
to identify an opposite-direction LSP, i.e., if the

nmpl sTunnel | ndex and npl sTunnel | nstance hol d the val ue
for forward LSP, this object and

npl sTunnel Ext Dest Tnl Lspl ndex can be used to retrieve

the reverse-direction LSP and vice versa

Thi s obj ect and npl sTunnel Ext Dest Tnl Lspl ndex val ues
provide the first two indices of tunnel entry, and
the remai ning indices can be derived as foll ows:

the Ingress and Egress ldentifiers should be

swapped in order to index the other direction tunnel."
c:= { npl sTunnel ExtEntry 3 }

nmpl sTunnel Ext Dest Tnl Lspl ndex OBJECT- TYPE

SYNTAX Mpl sTunnel I nst ancel ndex
MAX- ACCESS read-create

STATUS current

DESCRI PTI ON

"This object is applicable only for the bidirectiona
tunnel that has the forward and reverse LSPs in the
different tunnel entries. This object holds
the instance i ndex of the opposite-direction tunnel."

::={ nmplsTunnel ExtEntry 4 }

npl sTunnel Ext Dest Tnl Valid OBJECT- TYPE

SYNTAX Tr ut hval ue
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"Denot es whether or not this tunnel uses

nmpl sTunnel Ext Dest Tnl | ndex and

nmpl sTunnel Ext Dest Tnl Lspl ndex for identifying

the opposite-direction tunnel information. Note that if
this variable is set to true, then the
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npl sTunnel Ext Dest Tnl | ndex and
nmpl sTunnel Ext Dest Tnl Lspl ndex objects shoul d have
the valid opposite-direction tunnel indices."
DEFVAL { false }
::={ nmplsTunnel ExtEntry 5 }

nmpl sTunnel Ext | ngressLSRLocal | dval i d OBJECT- TYPE
SYNTAX Trut hVal ue
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"Thi s object denotes whether the npl sTunnel I ngressLSRI d
contains the local value that is used to reference

the conplete Ingress dobal _ID::Node ID or |CC Qperator_ID
from t he npl sTunnel Ext NodeConfi gTabl e.

If this object is set to FALSE, npl sTunnel Ext NodeConfi gTabl e
will not contain an entry to reference the local identifier
with dobal _ID::Node ID or |ICC Operator_|ID::Node | D val ue

This object is set to FALSE for |egacy inplenmentations |ike
MPLS TE tunnel s where npl sTunnel I ngressid itself provides
the conplete Ingress LSR ID."
REFERENCE
"MPLS-TE- STD-M B (RFC 3812), Section 11
nmpl sTunnel | ngressLSRI d obj ect in npl sTunnel Tabl e. "
DEFVAL { false }
::={ nplsTunnel ExtEntry 6 }

nmpl sTunnel Ext Egr essLSRLocal | dVal i d OBJECT- TYPE
SYNTAX Trut hval ue
MAX- ACCESS read-create
STATUS current
DESCRI PTI ON

"Thi s object denotes whether the npl sTunnel EgressLSRI d
contains the local value, which is used to reference
the conplete Egress A obal _ID:: Node | D or
| CC_ Qperator I D::Node ID from
t he npl sTunnel Ext NodeConfi gTabl e.

If this object is set to FALSE, nplsTunnel Ext NodeConfi gTabl e
will not contain an entry to reference the local identifier
with dobal _ID::Node ID or |ICC Operator_ID::Node | D val ue

This object is set to FALSE for |egacy inplenmentations |ike

MPLS TE tunnel s where npl sTunnel Egressld itself provides
the conplete Egress LSR ID. "
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REFERENCE
"MPLS- TE- STD-M B (RFC 3812), Section 11
npl sTunnel Egr essLSRI d obj ect in npl sTunnel Tabl e. "
DEFVAL { false }
::={ nmplsTunnel ExtEntry 7 }

-- End of MPLS Tunnel table extension
-- Modul e conpliance

nmpl sTeExt Conpl i ances
OBJECT | DENTI FI ER ::

{ npl sTeExt Conformance 1 }

npl sTeExt Gr oups
OBJECT | DENTI FI ER ::

{ npl sTeExt Conformance 2 }
-- Compliance requirenent for fully conpliant inplenentations.

nmpl sTeExt Modul eFul | Conpl i ance MODULE- COMPLI ANCE
STATUS current
DESCRI PTI ON
"Conpliance statenent for agents that provide ful
support the MPLS-TE- EXT- STD-M B nodul e. "

MODULE -- this nodul e

-- The mandatory group has to be inplenented by al
-- LSRs that originate/term nate MPLS-TP Tunnel s.
-- In addition, depending on the type of tunnels

-- supported, other groups becone mandatory as

-- expl ai ned bel ow.

MANDATORY- GROUPS {
nmpl sTunnel Ext G- oup
}

GROUP npl sTunnel Ext | pOper at or Gr oup

DESCRI PTI ON
"This group is mandatory for devices that support
configuration of |IP-based identifier tunnels."

GROUP npl sTunnel Ext | ccOper at or G oup

DESCRI PTI ON
"This group is mandatory for devices that support
configuration of |ICC based tunnels."

::={ npl sTeExt Conpl i ances 1 }
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-- Conpliance requirenent for read-only inplenentations.

npl sTeExt Modul eReadOnl yConpl i ance MODULE- COVPLI ANCE
STATUS current
DESCRI PTI ON
"Conpliance statenent for agents that only provide
read-only support for the MPLS-TE- EXT- STD-M B nodul e. "

MODULE -- this nodul e

MANDATCORY- GROUPS {
npl sTunnel Ext Gr oup
}

GROUP npl sTunnel Ext | pOper at or G- oup
DESCRI PTI ON
"This group is mandatory for devices that support
configuration of |IP-based identifier tunnels."

GROUP npl sTunnel Ext | ccOper at or G oup
DESCRI PTI ON
"This group is mandatory for devices that support
configuration of |ICGC based tunnels.”

-- npl sTunnel Ext Tabl e

OBJECT npl sTunnel Ext QppositeDirPtr
M N- ACCESS read-only
DESCRI PTI ON

"Wite access is not required."
OBJECT npl sTunnel Ext Opposi teDi rTnl Val i d
M N- ACCESS read-only
DESCRI PTI ON

"Wite access is not required.”
OBJECT npl sTunnel Ext Dest Tnl | ndex
M N- ACCESS read-only
DESCRI PTI ON

"Wite access is not required.”
OBJECT npl sTunnel Ext Dest Tnl Lspl ndex
M N- ACCESS read-only
DESCRI PTI ON

"Wite access is not required."
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OBJECT nmpl sTunnel Ext Dest Tnl Val i d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required.”
OBJECT npl sTunnel Ext | ngressLSRLocal I dval i d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required."
OBJECT nmpl sTunnel Ext Egr essLSRLocal | dval i d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required.”
OBJECT nmpl sTunnel Ext NodeConfi gd obal 1 d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required."
OBJECT npl sTunnel Ext NodeConf i gNodel d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required."
OBJECT npl sTunnel Ext NodeConf i gSt or ageType
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required.”
OBJECT nmpl sTunnel Ext NodeConf i gRowSt at us
SYNTAX RowSt atus { active(1l) }
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required.”
OBJECT nmpl sTunnel Ext NodeConfi gCcl d
M N- ACCESS read-only
DESCRI PTI ON
"Wite access is not required.”
OBJECT npl sTunnel Ext NodeConfi gl ccld
M N- ACCESS read-only
DESCRI PTI ON

"Wite access is not required."
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OBJECT nmpl sTunnel Ext NodeConfi gl ccVal i d
M N- ACCESS read-only
DESCRI PTI ON

"Wite access is not required.”

;.= { npl sTeEkxt Conpl i ances 2 }
-- Units of conformance.

nmpl sTunnel Ext G oup OBJECT- GROUP
OBJECTS {
npl sTunnel Ext QppositeDi rPtr,
nmpl sTunnel Ext Qpposi teDir Tnl Val i d,
npl sTunnel Ext Dest Tnl | ndex,
nmpl sTunnel Ext Dest Tnl Lspl ndex,
nmpl sTunnel Ext Dest Tnl Val i d,
nmpl sTunnel Ext | ngr essLSRLocal I dval i d,
npl sTunnel Ext Egr essLSRLocal | dval i d

}
STATUS current
DESCRI PTI ON
"Necessary, but not sufficient, set of objects to
i npl ement tunnels. In addition, depending on the
operating environnent, the follow ng groups are
mandat ory. "

c:={ nplsTeExt G oups 1 }

nmpl sTunnel Ext | pOper at or G oup OBJECT- GROUP
OBJECTS { npl sTunnel Ext NodeConfi gLocal | dNext ,
nmpl sTunnel Ext NodeConf i gd obal I d,
npl sTunnel Ext NodeConf i gNodel d,
npl sTunnel Ext Nodel pMapLocal 1 d,
nmpl sTunnel Ext NodeConf i gSt or ageType,
nmpl sTunnel Ext NodeConf i gRowSt at us

}
STATUS current
DESCRI PTI ON
"Cbj ect(s) needed to inplenment |P-conpatible tunnels.”
c:={ nplsTeExt G oups 2 }

npl sTunnel Ext | ccOper at or G oup OBJECT- GROUP
OBJECTS { npl sTunnel Ext NodeConf i gLocal | dNext ,
nmpl sTunnel Ext NodeConfi gCcl d,
npl sTunnel Ext NodeConfi gl ccl d,
nmpl sTunnel Ext NodeConf i gNodel d,
nmpl sTunnel Ext NodeConfi gl ccVal i d,
npl sTunnel Ext Nodel ccMapLocal I d,
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14.

npl sTunnel Ext NodeConf i gSt or ageType,
npl sTunnel Ext NodeConf i gRowSt at us

}
STATUS current
DESCRI PTI ON
"Obj ect(s) needed to inplenent | CC based tunnels."
::={ nplsTeExt G oups 3 }

-- MPLS-TE- EXT- STD-M B nodul e ends
END

Security Considerations

This docunent follows the security considerations nentioned in
Section 12 of [RFC3812]. These security considerations are al so
applicable to the M B objects and tables defined in this docunent,
which are identified as bel ow.

- The comon obj ects npl sl dd obal 1d, nplsldNodeld, nplsldCc, and
nmpl sl dlcc are used to define the identity of an MPLS-TP node for
OAM purposes. If wite-access is allowed to these objects it
offers the possibility for incorrect values to be entered that
wi |l confuse the information returned by OAM functi ons and
possi bly prevent OAM from operating correctly. Furthernore,
there is the possibility of inducing one node to inpersonate
anot her with confusing results.

- npl sTunnel Ext NodeConf i gTabl e, npl sTunnel Ext Tabl e and
nmpl sXCExt Tabl e col | ectively contain objects to provision MPLS-TP
Tunnel s, tunnel hops, and tunnel resources.

Some of the readable objects in this MB nodule (i.e., objects with a
MAX- ACCESS ot her than not-accessible) may be considered sensitive or
vul nerabl e in sone network environnents. It is thus inportant to
control even CGET and/or NOTIFY access to these objects and possibly
to even encrypt the values of these objects when sending them over
the network via SNMP. These are the tables and objects and their
sensitivity/vulnerability:

- npl sTunnel Ext NodeConf i gTabl e, npl sTunnel Ext Tabl e, and
nmpl sXCExt Tabl e col | ectively show the characteristics of the
MPLS- TP tunnel network topology. |If an Adm nistrator does not
want to reveal this information, then these tables should be
consi dered sensitive/vul nerable.

SNMP versions prior to SNWPv3 did not include adequate security.
Even if the network itself is secure (for exanple by using IPsec),
there is no control as to who on the secure network is allowed to
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access and GET/ SET (read/change/create/del ete) the objects in this
M B nodul e.

| mpl enent ati ons SHOULD provi de the security features described by the
SNWPv3 framework (see [ RFC3410]), and inplenentations claimng
conpliance to the SNMPv3 standard MJUST include full support for

aut hentication and privacy via the User-based Security Mdel (USM

[ RFC3414] with the AES ci pher algorithm[RFC3826]. |Inplenmentations
MAY al so provide support for the Transport Security Mdel (TSM

[ RFC5591] in conbination with a secure transport such as SSH

[ RFC5592] or TLS/ DTLS [ RFC6353].

Furt her, deploynent of SNMP versions prior to SNMPv3 is NOT
RECOMVENDED. Instead, it is RECOWENDED to depl oy SNWPv3 and to
enabl e cryptographic security. It is then a custoner/operator
responsibility to ensure that the SNMP entity giving access to an
instance of this MB nodule is properly configured to give access to
the objects only to those principals (users) that have legitimate
rights to indeed GET or SET (change/create/ del ete) them

15. | ANA Consi der ati ons
As described in [ RFC4221] and [ RFC6639], and as requested in the
MPLS- TC- STD-M B [ RFC3811], MPLS-rel ated Standards Track M B nodul es
shoul d be rooted under the nplsStdM B subtree. There are four MPLS
M B nodul es contained in this docunment; each of the follow ng
subsections lists a new assignnent nade by | ANA under the nplsStdM B
subtree. New assignnents can only be nade via a Standards Action as
specified in [ RFC5226].

15.1. |1 ANA Considerations for MPLS-TC EXT- STD-M B

| ANA has assigned the OD{ nplsStdMB 17 } to the
MPLS- TC- EXT- STD-M B nodul e specified in this docunent.

15.2. | ANA Considerations for MPLS-1D-STD-M B

| ANA has assigned the OD{ nplsStdMB 18 } to the MPLS-I D STD-M B
nmodul e specified in this docunent.

15. 3. | ANA Consi derations for MPLS-LSR-EXT-STD-M B

| ANA has assigned the OD{ nplsStdMB 19 } to the
MPLS- LSR- EXT- STD-M B nodul e specified in this docunent.
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| ANA Consi derations for MPLS-TE- EXT-STD-M B

| ANA has assigned the OD{ nplsStdMB 20 } to the
MPLS- TE- EXT- STD-M B nodul e specified in this docunent.
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