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Abst r act
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1.

1.

I nt roducti on

Thi s docunent introduces a YANG data nodel for the MPLS Milti point
Label Distribution Protocol (nLDP). The niDP YANG data nodel being
defined here is dependent on the LDP YANG data nodel [RFC9070]. This
inplies that an operator will need to use the LDP base YANG data
model to configure and nmanage the control plane for mLDP. For
exanpl e, an operator woul d enabl e LDP di scovery on MPLS interface to
establish LDP session for nlLDP peering on which nLDP bindings coul d
be exchanged. Simlarly, an operator could query state information
for an LDP peer to verify peering attributes, etc.

Moreover, it is inportant to note here that any assunptions nade in
the LDP YANG data nodel also hold true in this docunment, unless
otherw se explicitly stated.

Like its parent LDP data nodel, this nlLDP nodel al so defines the
foll owi ng constructs for managi ng the nLDP prot ocol

* Configuration

* (Qperational State

* Execut abl es (Actions)
* Notifications

Thi s docunent is organized to define the data nodel for each of the
above constructs in the sequence as |listed above.

1. Base and Extended

Li ke the LDP nodel, the configuration and state itens are divided
into the followi ng two broad categories

*  Base
* Ext ended

The "base" category contains the basic and fundanental features that
are covered in the nLDP base specification [ RFC6388] (and sone

i mportant extensions like the targeted nLDP [ RFC7060]) and constitute
the mninmumrequirenents for a typical base niDP depl oynent, whereas
the "extended" category contains all other non-base features. Al

the itenms in the base category are mandatory and, hence, no "if-
feature" is allowed under the "base" category. The base and extended
categories are defined in their own nodul es as described | ater
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The exanpl es of base nmlLDP features include the enabl enent of nlDP and
its capabilities, and static configuration of |leaf IPv4 LSPs wth
generic LSP Id, whereas the exanpl es of extended nLDP feature include
enhanced nlLDP capabilities, Recursive FEC [ RFC6512], traffic
protection [RFC7715] [RFC7431], static leaf I Pv6 LSPs with generic
LSP Id, and static |leaf 1Pv4/1Pv6 LSPs of other opaque types
(transit, bidir). It is worth highlighting that any | Pv6 rel ated
feature support is categorized as an extended feature.

Wi |l e "base" nodel support will suffice for small deploynents, it is
expected that | arge deploynents will require both the "base" and
"ext ended" nodel support fromthe vendors.

The YANG nodul es in this document conformto the Network Managenent
Dat astore Architecture (NVDA) defined in [ RFC8342].

2. Specification of Requirenents
In this docunent, the word "IP" is used to refer to both |IPv4 and
I Pv6, unless otherwi se explicitly stated. For exanple, "IP address
famly" should be read as "I Pv4 and/or |Pv6 address famly".
3. Overview
Thi s docunent defines two new nodul es for nmiDP YANG support:

* "jetf-npls-mdp" nodul e that specifies the base nlDP features

* "jetf-npls-mdp-extended" nodul e that specifies the extended nlDP
features

Bot h the nodul es augrment the LDP nodule (/rt:routing/rt:control-

pl ane-protocol s/rt:control - pl ane- protocol /| dp: mpl s-1dp) as defined
in [ RFCO070]

There are four types of containers in our nodul e(s):

* Read-wite paranmeters for configuration (Section 5)

* Read-only paraneters for operational state (Section 6)

* Notifications for events (Section 7)

Currently, no RPCs for executing commands to perform some actions are
defined in our nmLDP nodul es.
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In mLDP YANG nodul es, the operational state data is conbined with the
associ ated configuration data in the same hierarchy [ RFC3407]. When
protocol states are retrieved fromthe NVDA operational state
datastore, the returned states cover all "config true" (rw) and
"config false" (ro) nodes defined in the schena.

The foll owi ng di agram depi cts high-1evel nmLDP yang tree organization
and hierarchy with respect to LDP:

+-- rwrouting
+-- rw control - pl ane- prot ocol s
+-- rw control -pl ane- prot ocol
+-- rw npls-l1dp
+-- rw sone_| dp_cont ai ner
| +- rwmdp
| +-- rw... /1 mdp base
| | +-- rw...
| | +-- ro ...
I I +- -
| +-- rwnldp-ext:... /1 mdp extended
| | - rwo. ..
| | +-- 10 ...
I I +- -
+-- ro soneot her | dp_contai ner
+-- ro mdp
+-- 10 ... /1 m dp base
| +-- ro ...
I +- -
+-- ro nmdp-ext:... /1 m dp extended
+-- ro ...
+- -

notifications:
+--- n npls-m dp-sone_event
+---n ...

Figure 1: nlLDP YANG Tree Organization

Before going into data nodel details, follow ng inportant points need
to be noted:

* This nodel ains to address the core niDP constructs, paraneters,
and features as per RFC specification, as well as well-known and
wi del y depl oyed nanageability controls (such as tiners, delays
etc.). Any vendor-specific feature should be defined in a vendor-
speci fic augnentation of this nodel.
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* This nodel does not cover any applications or clients running on
top of nmLDP, nor does it cover any Operations, Admnistration, and
Mai nt enance (OAM procedures for niDP.

* This nmLDP nodel builds on top of LDP YANG nodel [RFC9070] which is
a VRF-centric nodel. A "network-instance", as defined in
[ RFC8529], refers to a VRF instance (both default and non-default)
within the scope of this nodel.

* This nodel supports two address famlies, nanely, "ipv4" and
"i pv6".

The nlLDP areas and features that are within the scope of this
nmodel i ng effort are as foll ows:

* Base:
- nLDP Base Specification [ RFC6388]
- Targeted nLDP [ RFC7060]
- Static LSPs at Leaf node (rmanual |y provisioned)
*  Ext ended:
- nmLDP Recursive FEC [ RFC6512]
- nLDP Fast-Reroute (FRR):
0 Node Protection [ RFC7715]
0o Milticast-only [RFC7431]
- Hub-and- Spoke Mul tipoint LSPs [ RFC7140]
- In-band Signaling:
o niDP In-band Signaling [ RFC6826]
o nLDP In-band signaling in a VRF [ RFC7246]
o nLDP In-band Signhaling with Wl dcards [ RFC7438]
3.1. Miltipoint LSP FECs

A Miultipoint LSP is associated with a FEC which is represented as
(root-address, opaque-el enent) tuple.
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Ve can cat egori ze the opaque types into follow ng four base
cat egori es:
* Ceneric LSP ldentifier
* Transit Source
* Transit Birdir
* Recursive

Furthernore, there are VPN variants that can be applied on top of the
base categori es.

The following table lists various type of opaque elements with their
keys, as later used in the configuration and state nodel:

B oo el e s st e e
| Opaque Type | Variant | Opaque specifc Key | RFCs |
oo S S =+4
| Generic LSP | Base | LSP Id | [ RFC6388] |
| ldentifier | | | |
L i L i T T R I I +
| Transit | Base (I1Pv4/ | Source, G oup | [ RFC6826] |
| Source | 1Pv6) | | |
| o e e e e oo o o e e e e e i e o o m e e e - +
| | VPN | Source, Goup, RD | [RFC7246] |
i i i i I i I R F-- - - - +
| Transit | Base (1Pv4/ | Masklen, RP, Goup | [RFC6826] |
| Bidir | 1Pv6) | | |
| - - e +
| | VPN | Masklen, RP, | [RFC7246] |
| | | Goup, RD | |
i i i i I i I R F-- - - - +
| Recursive | Base | Opaque Val ue | [ RFC6512] |
| | | Elenent Cctets | |
| - - e +
| | VPN | RD, Opaque Val ue | [RFC6512] |
| | | Elenent Cctets | |
i i i i I i I R F-- - - - +

Table 1. Opaque Types and Keys
It is to be noted that key for an MP LSP is a comnbi nation of the

FEC s "root address" and FEC opaque val ue el ement specific keys (as
|isted above)
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The "base" data nodel includes only the "Generic LSP Identifier"
opaque type (for ipv4d), while rest of the above types are covered by
the "extended" nodel.

3.2.  YANG Model

A sinplified graphical tree representati on of base and extended nLDP
YANG data nodels is presented in Figure 2. The neaning of the
synbols in these tree diagranms are defined in [ RFC8340].

The actual YANG specification for base and extended nodules is
captured in Section 9.

VWil e presenting the YANG tree view and actual specification, this
docunent assunes readers are famliar with the concepts of YANG
nodel ing, its presentation and its conpil ation.

4. The Conplete Tree

The following is a conplete tree representati on of configuration,
state, and notification itens under nmLDP base and extended nodul es.

Si nce nLDP nodul es augnent LDP nodule, the nlDP tree view is shown
within the LDP tree. 1In this view, we only show nLDP specific | eaves
and containers along with their hierarchy; we do not show any | eaves
or containers that are LDP specific.

augrment /rt:routing/rt:control-plane-protocol s/rt:control-plane-protocol:
+--rw npl s-1dp
+--rw gl obal
+--rw capability
|  +--rw mndp:mdp
+--rw m dp: p2nmp
| +--rw mdp: enabl ed? bool ean
+--rw m dp: mp2np
| +--rw mldp: enabl ed? bool ean
+--rw m dp: nake- bef or e- br eak

I

|

I

|

| | +--rw mdp: enabl ed? bool ean

| |  +--rw mdp: switchover-del ay? uint16

| | +--rw mdp:tinmeout? uint 16

| +--rw m dp- ext: hub- and- spoke {capability-m dp-hsnp}?

| | +--rw m dp-ext:enabl ed? bool ean

| +--rw m dp-ext: node-protection {capability-m dp-node-protection}?
| +--rw nldp-ext:plr? bool ean

| +--rw m dp- ext: ner ge- poi nt

| +--rw m dp- ext: enabl ed? bool ean
| +--rw m dp-ext:target ed-sessi on-teardown-del ay? uintl6
+--rw | dp- ext: forwardi ng- next hop {forwardi ng- next hop-config}?

I

+--rw |l dp-ext:interfaces
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+--rw |l dp-ext:interface* [nane]
+--rw | dp- ext: name if:interface-ref
+--rw | dp-ext:address-fam|ly* [afi]

+--rw | dp-ext:afi i dentityref
+--rw m dp-ext: nl dp-di sabl e? bool ean
--rw mdp: m dp
+--rw nl dp: enabl ed? bool ean

+--rw mdp: address-famlies

+--rw mdp:ipvéd
+--rw m dp: enabl ed? bool ean
+--ro mdp:roots

—_———— — J— —_—,—~—————— e —

ut e- di sti ngui sher

|
oint-type

upstream

received

abel

+--ro mdp:root* [root-address]

+--ro mdp: root-address i net:ipv4-address

+--ro mdp:is-self? bool ean

+--ro mdp:reachability* [address interface]

| +--ro mdp:address i net:ipv4-address

| +--ro mdp:interface if:interface-ref

| +--ro mdp:peer? > oo oo T dp: peer s/

+--ro m dp: bi ndi ngs
+--ro mdp: opaque-val ue-el enent -1 spi d
| +--ro mdp:fec-label* [|sp-id]

|

| +--ro mdp:lsp-id ui nt 32

| ] +--ro mdp: multipoint-type? mul ti poi nt-type

| ] +--ro m dp: opaque- val ue-el ermrent -t ype? i dentityref

| +--ro mdp: peer* [direction peer advertisement-type]
+--ro mdp: peer EI> U VR Y R A

| dp: peers/peer/lIsr-id

| +--ro mdp:direction | dp: downst r eam upst

| ] +--ro mdp: adverti senent-type | dp: adverti sed-rece
+--ro mdp: | abel ? rt-types: npl s-1abe
+--ro mdp: nbb-status? | sp-nbb-rol e
+--ro mdp-ext:nofrr-status? | sp-nofrr-rol e

||

(.

||

| +--ro mdp-ext:opaque-val ue-el enent-transit-source

| | +--ro mdp-ext:fec-label* [source-address group-address rd

| ] +--ro nm dp-ext:source-address inet:ipv4-a
| ] +--ro m dp-ext: group-address inet:ipv4-a
| +--ro nldp-ext:rd re-types:ro
| ] +--ro mdp-ext:nultipoint-type? mdp:mul tip
| +--ro m dp-ext:opaque-val ue-el ement -type? i dentityref

| ] +--ro mdp-ext:peer* [direction peer advertisenent-type

| +--ro m dp-ext: peer -> oo
../l dp: peers/peer/lsr-id
| +--ro mdp-ext:direction | dp: downst ream
| ] +--ro mdp-ext:adverti senment-type | dp: adverti sed-
| +--ro mdp-ext:|abel ? rt-types: npl s-1
| +--ro mdp-ext:nbb-rol e? enumer ati on
| +--ro mdp-ext:nofrr-status? | sp-nofrr-rol e

+--ro m dp-ext:opaque-val ue-elenment-transit-bidir
| +--ro mdp-ext:fec-1abel* [rmasklen rp group-address rd]
| +--ro mdp-ext: maskl en uint8
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| | +--ro ndp-ext:rp inet:ipva-a
| | +--ro ml dp-ext:group-address inet:ipv4-a
| | +--ro mdp-ext:rd rt-types:ro
| | ] +--ro nldp-ext:nultipoint-type? mdp:nultip
| | +--ro m dp-ext:opaque-val ue-el enent -type? i dentityref
| | | +--ro mdp-ext:peer* [direction peer advertisenent-type
| +--ro mdp-ext: peer -> oo
./l dp: peers/peer/lsr-id

| +--ro mdp-ext:direction | dp: downstr eam
| | | +--ro mdp-ext:advertisenent-type | dp: adverti sed-
| | ] +--ro nldp-ext:|abel? rt-types: npls-
| | +--ro m dp-ext:nbb-rol e? enumer ati on
| | +--ro nldp-ext:nofrr-status? | sp-mofrr-role
| | +--ro mdp-ext:opaque-val ue-el ement -recursive
| | +--ro mdp-ext:fec-label* [rd opaque-val ue]
I I

+--ro mdp-ext:rd rt-types:ro
+--ro m dp-ext:opaque-val ue bi nary

+--ro mdp-ext:nultipoint-type? mdp:multip
+--ro m dp-ext: opaque-val ue-el enent -type? i dentityref

+--ro mdp-ext:peer* [direction peer advertisenent-type

peers/peer/lsr-id

+--ro m dp-ext: peer -> oo
+--ro mdp-ext:direction | dp: downst r eam
+--ro mdp-ext:advertisenent-type | dp: adverti sed-
+--ro mdp-ext:|abel ? rt-types: npl s-1
+--ro m dp-ext: nbb-rol e? enuner ation

+--ro mdp-ext:nofrr-status? | sp-nofrr-rol e

+--ro mdp:static-Isps-Ieaf

+--T0

|-

|

I

+--T0

|-

I

|

I

+--T0
+- -

m dp: opaque-val ue- el enent - | spi d

ro mdp:fec-label* [Isp-id]

+--ro mdp:lsp-id ui nt 32

+--ro mdp: multipoint-type? mul ti point-type

m dp- ext : opaque-val ue- el enent-transit-source

ro m dp-ext:fec-1abel* [source-address group-address rd

+--ro m dp-ext:source-address
+--ro m dp-ext:group-address
+--ro mdp-ext:rd

i net:ipv4-address
i net:ipv4-address
rt-types:route-disting

m dp- ext : opaque-val ue-el enent-transit-bidir

ro mdp-ext:fec-1abel* [masklen rp group-address rd]
+--ro mdp-ext: maskl en uint8

+--ro mdp-ext:rp i net:ipv4-address

+--ro m dp-ext: group-address i net:ipv4-address

+--ro mdp-ext:rd rt-types:route-distingu

+--rw mdp-ext:nulticast-only-frr {mdp-nmofrr}?

|  +--rw mdp-ext:prefix-list?

| dp-ext:prefix-list-ref



| +--rw mdp-ext:recursive-fec

| +--rw mdp-ext:prefix-list? | dp-ext:prefix-list-ref
+--rw m dp-ext:ipv6!
+--rw m dp- ext: enabl ed? bool ean

+--ro mdp-ext:roots
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ers/peer/lsr-id

|
|
|
| |
Ol nt-type
|
|

]

YA Y A A

upst ream

recei ved

abel

I

|

I

I
]

ddr ess

ddr ess

ut e-di sti ngui sher

I
oi nt-type

upst r eam

recei ved

abel
I
|
I
I
I
I

ddr ess

ddr ess

ut e-di sti ngui sher

I
oi nt-type
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+--ro mdp-ext:is-self?
+--ro mdp-ext:reachability* [address interface]

+--ro m dp-ext: address
+--ro mdp-ext:interface

+--ro m dp-ext: peer?

+--ro m dp-ext: bi ndi ngs
+--ro m dp-ext: opaque-val ue-el ement -1 spi d

+--ro mdp-ext:
+--ro mdp-ext:

+--ro mdp-ext:
+--ro mdp-ext:

MPLS nlDP

Cct ober 2025

+--ro mdp-ext:root* [root-address]
+--ro mdp-ext:root-address

i net:ipv6-address
bool ean

i net:ipv6-address
if:interface-ref

-> o oo T dp: pe

+--ro mdp-ext:fec-label* [I|sp-id]

| sp-id ui nt 32
mul ti poi nt-type? m dp:multip
opaque-val ue-el enent -t ype? i dentityref

peer* [direction peer advertisenent-type

+--ro mdp-ext: peer -> oo
peers/peer/lsr-id

+--ro mdp-ext:direction
+--ro mdp-ext:
+--ro mdp-ext:

+--ro mdp-ext:

| dp: downst r eam

adverti senent -type | dp: adverti sed-

| abel ? rt-types: npl s-1

mbb-rol e? enuner ati on

| +--ro mdp-ext:nofrr-status?

| sp-nofrr-role

+--ro m dp-ext:opaque-val ue-el enment-transit-source
| +--ro mdp-ext:fec-1label* [source-address group-address rd

+--ro mdp-ext:
+--ro mdp-ext:
+--ro mdp-ext:
+--ro mdp-ext:

+--ro mdp-ext:
+--ro mdp-ext:

sour ce- addr ess inet:ipv6-a

gr oup- addr ess inet:ipv6-a

rd rt-types:ro
mul ti poi nt-type? m dp:multip
opaque-val ue-el enent -t ype? identityref

peer* [direction peer advertisenent-type

+--ro mdp-ext: peer -> oo

../l dp: peers/peer/lsr-id
+--ro mdp-ext:

+--ro mdp-ext:
+--ro mdp-ext:

+--ro mdp-ext:

direction | dp: downst r eam

adverti senent -type | dp: adverti sed-

| abel ? rt-types: npl s-1

mbb-rol e? enuner ati on

| +--ro mdp-ext:nofrr-status?

| sp-nofrr-role

+--ro m dp-ext:opaque-val ue-elenment-transit-bidir
| +--ro mdp-ext:fec-1abel* [nmasklen rp group-address rd]

| +--ro mdp-ext: naskl en
| +--ro mdp-ext:rp

| +--ro m dp-ext:group-address
| +--ro mdp-ext:rd

| +--ro mdp-ext:nultipoint-type?

uint8
inet:ipv6-a

inet:ipv6-a
rt-types:ro

mdp:rultip



YA A B

upst r eam

recei ved

abel

Raza, et al

| +--ro m dp-ext:opaque-val ue-el ement -t ype? i dentityref
| +--ro mdp-ext:peer* [direction peer advertisenent-type

[
... /1 dp: peers/peer/lsr-id

+--r10
| +--ro0
| +--ro0
| +--r0
| +--T0

Expires 23 Apri

m dp- ext:
m dp- ext:
m dp- ext:
m dp- ext:

m dp- ext:
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peer
direction

adverti senent -type
| abel ?

mbb-rol e?
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| ] +--ro mdp-ext:nofrr-status? | sp-nofrr-role
| +--ro mdp-ext:opaque-val ue-el enent -recursive

| +--ro mdp-ext:fec-label* [rd opaque-val ue]
I

+--ro mdp-ext:rd rt-types:ro
| +--ro m dp-ext: opaque-val ue bi nary
| +--ro mdp-ext:nultipoint-type? m dp:multip
| +--ro m dp-ext:opaque-val ue-el ement -t ype? i dentityref

| +--ro mdp-ext:peer* [direction peer advertisenent-type

| +--ro mdp-ext: peer -> oo
../l dp: peers/peer/lsr-id

| +--ro mdp-ext:direction | dp: downst r eam

| +--ro mdp-ext:advertisenent-type | dp: adverti sed-

| +--ro mdp-ext:|abel ? rt-types: npl s-

| +--ro mdp-ext: nbb-rol e? enumer ati on

| +--ro mdp-ext:nofrr-status? | sp-nofrr-role

+--ro mdp-ext:static-|sps-|eaf
+--ro m dp-ext: opaque-val ue-el ement - | spi d
| +--ro mdp-ext:fec-label* [|sp-id]
| +--ro mdp-ext:Isp-id ui nt 32
| +--ro mdp-ext:nultipoint-type? m dp: mul ti poi nt-type
+--ro m dp-ext:opaque-val ue-el enent-transit-source
| +--ro mdp-ext:fec-|abel* [source-address group-address rd

| +--ro m dp-ext: source-address i net:ipv6-address
| +--ro m dp-ext:group-address i net:ipv6-address
| +--ro mdp-ext:rd rt-types:route-disting

+--ro m dp-ext:opaque-val ue-elenment-transit-bidir
+--ro mdp-ext:fec-label* [masklen rp group-address rd]

+--ro mdp-ext: naskl en uint8

+--ro mdp-ext:rp i net:ipv6-address

+--ro mdp-ext:group-address i net:ipv6-address

+--ro mdp-ext:rd rt-types:route-distingu

+--rw mdp-ext:nulticast-only-frr {m dp-nofrr}?

+--rw nldp-ext:prefix-list? | dp-ext:prefix-list-ref

+--rw m dp-ext:recursive-fec

+--rw mdp-ext:prefix-list? | dp-ext:prefix-list-ref

+--rw peer* [Isr-id | abel -space-id]

et al.

+--rwlsr-id rt-types:router-id
+--rw | abel - space-id uintl6
+--ro0 received-peer-state

+--ro capability

+--ro mdp: mdp

+--ro mdp: p2np

| +--ro mdp:is-capabl e? bool ean
+--ro mdp: mp2np

| +--ro mdp:is-capabl e? bool ean
+--ro mdp: make- bef or e- br eak

| +--ro mdp:is-capabl e? bool ean
+--ro m dp-ext: hub- and- spoke

Expires 23 April 2026 [ Page 12]
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| +--ro mdp-ext:is-capable? bool ean

+--ro m dp-ext: node-protection
+--ro mdp-ext:is-plr-capabl e? bool ean
+--ro m dp-ext:is-nerge-point-capabl e? bool ean

notifications:
+---n npl s-m dp-fec-event
+--ro0 event-type? | dp: oper - st at us-event -t ype
+--ro (opaque-el enent)?
+--: (opaque- el enent - | spi d)
| +--ro opaque-el enment-I|spid

+--ro root-address? i net:ip-address
+--ro |sp-id? ui nt 32
+--ro0 multipoint-type? mul ti poi nt-type
+--ro mdp-ext:recursive-fec
+--ro m dp-ext:recur-root-address? i net:ip-address

I

I

|

I

I

+--:(m dp- ext: opaque-el enment-transit-source)

| +--ro mdp-ext:opaque-el enent-transit-source
I
|
I
I
I
I

+--ro mdp-ext:root-address? i net:ip-address
+--ro m dp-ext:source-address? i net:ip-address
+--ro m dp-ext: group-address? i net:ip-address
+--ro mdp-ext:rd? rt-types: route-distinguisher
+--ro mdp-ext:recur-root-address? i net:ip-address
+--ro mdp-ext:recur-rd? rt-types:route-distinguisher

+--:(m dp- ext: opaque-el ement-transit-bidir)
+--ro mdp-ext:opaque-el enent-transit-bidir

+--ro m dp-ext:root-address? i net:ip-address

+--ro m dp-ext: naskl en? uint8

+--ro mdp-ext:rp? i net:ip-address

+--ro m dp-ext:group-address? i net:ip-address

+--ro mdp-ext:rd? rt-types:route-distinguisher
+--ro mdp-ext:recur-root-address? i net:ip-address

+--ro mdp-ext:recur-rd? rt-types: route-distinguisher

Fi gure 2: Conplete Tree
5. Configuration
Thi s specification defines the paraneters for configuring the base
and extended nLDP features. As stated earlier, nLDP configuration
items augnment rel evant LDP configuration hierarchy.

5.1. High-level Hierarchy

The foll owing presents a high-level view of configuration hierarchy
for mLDP with respect to LDP

Raza, et al. Expires 23 April 2026 [ Page 13]
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augrment /rt:routing/rt:control-plane-protocols/rt:control-plane-protocol

+-- npls-1dp
+-- gl oba
+-- L
+- mdp
| +-- L.
| +-- address-famlies
| +-- ipvd (simlar tree for ipv6)
| | +-- roots
| | +-- root [addr]
| | +-- bindings (state)
| | +-- L.
| | +-- L.
| | +-- static-lsps-leaf (config)
| | + -
| | +--
+-- capability
| +-- mdp
| +-- L.
| +-- mdp-ext:
| +-- L
+- - forwardi ng- next hop
+--- interfaces
+--- interface* [nane]

+--- mldp-ext:

Figure 3: Configuration Hi erarchy

The above hierarchy illustrates that nlDP configuration paraneters
are distributed anpbngst the followi ng three sections:

* mdp base
* mdp capabilities
* mdp forwarding

The foll owi ng subsections describe the above nlLDP sub-tree along with
their configuration itens.

5.2. Base Paraneters
m dp container falls directly under npls-1dp:global and holds the

configuration related to itenms that are nlLDP specific. The main
items under this container are:

Raza, et al. Expires 23 April 2026 [ Page 14]



Internet-Draft YANG WMbdel for MPLS nliDP Cct ober 2025

* nlLDP enabl enent: To enable mLDP under a (VRF) routing instance,
mdp is enabled in the nldp container under LDP. It is to remnd
that the LDP nodul es reside under a network-instance and the scope
of any configuration defined under this tree is network-instance
(VRF) scoped. G ven that nlLDP requires LDP signaling, it is not
sensible to allow disabling the LDP control plane under a network-
i nstance while requiring nLDP to be enabled for the sane.

However, if a user wants to only allow signaling for mnultipoint
FECs on an LDP/ nlLDP enabl ed VRF instance, he/she can use LDP

| abel -policies to disable unicast FECs under the VRF.

Al ternatively, the sane can be achi eved by advertising the
capabilities and the procedures defined in [ RFC7473].

* Per address-famly nmDP features: nlDP nanages its own list of IP
address-famlies and the features enabl ed underneath. The per-AF
nmLDP configuration itens include:

- Milticast-only FRR This enables Miulticast-only FRR
functionality for a given AF under nLDP. The feature allows
route-policy to be configured for finer control/applicability
of the feature.

- Recursive FEC. The recursive-fec feature [ RFC6512] can be
enabl ed per-AF with a route-policy.

- Configured Leaf LSPs: To provision nultipoint |eaf LSPs
manual |y, a per-AF container is provided under LDP. The
configuration is flexible and allows a user to specify MP LSPs
of type p2np or nmp2np with IPv4 or | Pv6 root address(es) by
using either LSP-Id or (S, Q.

Targeted nlDP feature specification [ RFC7060] does not require any
mLDP specific configuration. |It, however, requires LDP upstream
| abel - assi gnnment capability [ RFC6389] to be enabl ed.

5.3. Capabilities Parameters

m dp capabilities are enabl ed under nml dp specific container under

| dp: gl obal : capability container. |In the scope of this docunent, the
nost i nmportant capabilities related to nLDP are p2np, np2np, neke-
bef or e- br eak, hub-and-spoke, and node-protection

It is worth reminding that nmLDP requires LDP di scovery and peer
procedures to form nLDP peering but a peer is considered as an nLDP
peer only when either p2np or np2np capabilities have been
successful ly exchanged with the peer
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5.4. Forwardi ng Paraneters

The cont ai ner | dp: gl obal : f orwar di ng-nexthop is used to hold
configuration to controlling LDP/ nLDP forwardi ng behavior. One
exanpl e of a such a configurationis to allow a user in disabling the
use of LDP interface(s) as an nlLDP forwardi ng egress interface for M
LSPs(s). This exanple configuration makes sense only when there are
more than one interface available for the sel ection.

6. Operational State

The nlLDP npdul es conformto the NVDA where the operational state data
is conmbined with the associated configuration data in the same

hi erarchy. This means that \Wen protocol states are retrieved from
the NVDA operational state datastore, the returned states cover al
"config true" (rw) and "config false" (ro) nodes defined in the
schenma.

The following are the nmain areas for which nmLDP operational state is
defi ned:

*  Root
*  Bindi ngs (FEC-I| abel)
* Capabilities

6.1. Root State

The root address is a fundamental construct for MP FEC bi ndi ngs and
LSPs. The root state provides information on all the known roots in
a given address-famly and their root reachability information (as
learnt fromRIB). |In case of nulti-path reachability to a root, the
sel ection of the upstreampath is done on per-LSP basis at the tine
of LSP setup. Sinilarly, when protection nechanisns |ike Mke-

bef ore-break (MBB) or Miulticast-only FRR (MOFRR) are in place, the
pat h desi gnati on as active/standby or prinmary/backup is also done on
per-LSP basis. It should be noted that a given root can be shared
anongst multiple P2MP and/or MP2MP LSPs. Mbreover, an LSP can be
signaled to nore than one root for Root Node Redundancy (RNR)

pur poses.

The foll owing exanple illustrates a root database on a branch/transit
LSR:
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root 203.0.113.1:

RI B: G gEthernet 1/0, 198.51.100. 1;
LDP: peer 192.0.2.1:0

RIB: G gEthernet 2/0, 198.51.100. 16:
LDP: peer 192.0.2.2:0

root 203.0.113.2:
pat hl:
RI B: 198.51.100. 100; (NOTE: This is a recursive path)
LDP: peer 192.0.2.100:0 (NOTE: T-nlDP peer)
root 2001: db8:0:9::1:
pat hl:
RIB: G gEthernet 1/0, 2001:db8:0:1::1
LDP: peer 192.0.2.1:0

root

Fi gure 4: Exanpl e Root database
A root entry on a root LSRitself will be presented as foll ows:
root 203.0.113. 10:
i s-self
root 2001: db8:0:9:: 1:
i s-self
Figure 5: Exanple Root entry on a Root node
The foll owi ng di agram captures the high-level tree hierarchy for

state of an nLDP root The tree is shown for ipv4d roots only; a
simlar tree exists for ipv6 roots as well.
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+--rw npl s-1dp
+--rw gl oba
+--rw mdp: mdp
+--rw m dp: address-fam |lies
+--rw mdp:ipvéd
+--ro mdp:roots
+--ro mdp:root* [root-address]

+--ro mdp: root-address i net:ipv4-address

+--ro mdp:is-self? bool ean

+--ro mdp:reachability* [address interface]
+--ro m dp: address i net:i pv4-address
+--ro mdp:interface if:interface-ref
+--ro mdp: peer? | eaf r ef

Figure 6: Root state tree
6.2. Bindings State

Bi nding state provides information on nLDP FEC-| abel bindings for
both the P2MP and MP2MP FEC types. The state includes both the

i nbound (received) and the outbound (advertised) bindings. Like LDP
the state of FEC-1abel binding is presented per address-famly in a
FEC-centric view per address-famly. An nLDP FEC is presented as
(root-address, opaque-val ue-elenment) tuple as described earlier in
Section 3, along with its direction (upstream or downstream as

pi cked with respect to the root reachability. The role of a given
peer binding is also provided in case of MBB (as active or standby)
and/ or MoFRR (as primary or backup).

The foll owing exanple illustrates a FEC-|abel binding database on a
branch/transit LSR for both P2MP and MP2MP FECs of Transit Source

type:
Transit | Pv4 Source

FEC (root 203.0.113.1, S=198.51.100.1, G=224.1.1.1):
type: p2np
upst ream
adverti sed:
peer 192.0.2.1:0, |abel 16000 (Il ocal)
downst r eam
recei ved:
peer 192.

0.2.2:0, label 17000 (renote)
peer 192.0.2.3:0

, label 18000 (renote)

FEC (root 203.0.113.1, S=198.51.100.2, G=224.1.1.1):
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type: np2np
upst ream
adverti sed:
peer 192.0.2.1:0, |abe
recei ved:
peer 192.0.2.1:0, |abe
downst r eam
adverti sed:
peer 192.0.2.2:0, |abe
peer 192.0.2.3:0, |abe
recei ved:
peer 192.0.2.2:0, |abe
peer 192.0.2.3:0, |abe
Transit | Pv6 Source:

FEC (root 203.0.113.1, S=2001:

type: p2np
upst ream
adverti sed:
peer
downst r eam
recei ved:
peer 192.
peer 192.

FEC (root 203.0.113.1, S=2001

192.0. 2. 1: 0,

0.
0.

| abel

2.2:0, |abel
2.3:0, |abel

type: np2np
upst ream
adverti sed:
peer 192.0.2.1:0, |abe
recei ved:
peer 192.0.2.1:0, |abe
downst ream
adverti sed:
peer 192.0.2.2:0, |abe
peer 192.0.2.3:0, |abe
recei ved:
peer 192.0.2.2:0, |abe
peer 192.0.2.3:0, |abe
Figure 7: Exanpl e Bi
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26001
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MBB rol e=active
MBB r ol e=st andby

db8:0:9::1, Gff39:1::1):

db8:0:9::2, Gff39:1::1):

MBB rol e=acti ve
MBB r ol e=st andby
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The foll owi ng captures the high-level tree hierarchy for nDP
bi ndings state. The tree shown belowis for ipv4d root only; a
simlar tree exists for ipv6 root as well.

+--rw npl s-1dp
+--rw gl oba
+--rw mdp: mdp
+--rw m dp: address-fam |lies
+--rw mdp:ipvéd
+--ro roots
+--ro mdp:root* [root-address]
+--ro mdp: root-address i net:ipv4-address
+--ro m dp: bi ndi ngs
+--ro m dp: opaque- val ue- el ermrent - xxx
| +--ro mdp:fec-label* [keyll keyl2 ...]
+--ro mdp: keyll
+--ro mdp: keyl2

+--ro mdp:..

+--ro mdp:multipoint-type? nultipoint-type

+--ro mdp: peer* [direction peer advertisenment-type]
+--ro mdp: peer | eaf r ef

I
I
I
| +--ro m dp: opaque- val ue-el enent -t ype? identityref
|
| +--ro mdp:direction | dp: downstream upstream
| +--ro mdp: adverti senent-type | dp: adverti sed-receive
| +--ro mdp:label? rt-types: npls-1abe
| +--ro mdp: nbb-status? | sp-nbb-role
| +--ro mdp-ext:nofrr-status? Isp-nofrr-role
+--ro mdp: opaque- val ue-el erment - yyy

+--ro mdp:fec-label * [key21 key22 ...]

+--ro mdp: .

Figure 8. Binding state tree (ipv4 root)

mLDP binding state is organi zed and presented per root address;

hence, the bindings container is under a root node in the nodel. The
bi ndings state is nmade available for FECs pertaining to different
types of opaque el enents, with sone state avail able under the "base"
tree and the rest under the "extended" tree.

In the above tree, the various opaque types along with their type
specific key(s) refer to the Table 1 as captured earlier in the
docunent. For exanple, if the opaque type is a Generic LSP
Identifier, then the type-specific-key will be a uint32 LSP-1d key.
Pl ease see the conplete nodel for all other types
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It is worth highlighting that the address-fam ly ipv4/ipv6 applies to
"root" address in the nlLDP binding tree. The other addresses
(source, group, Rendezvous-Point (RP) etc.) do not have to be of the
sanme address famly type as the root.

6.2.1. Recur si ve FEC

The binding state for an MP LSP with recursive opaque val ue el enent
applies only at a backbone node for MP LSP that is set up over a BGP-
free backbone. In this scenario, the backbone node needs to naintain
the binding state for a "recursive" FEC, where the root address is
the recursive root and the opaque val ue el ement encodes the origina
FEC. It is to be noted that the original FEC relates to LSP' s
original root and opaque type (such as Ispid, transit-source,
transit-bidir, etc.). The backbone node does not interpret the
fields of the original FEC, instead, the node treats it as a opaque
bi nary stream for keying, storage, and di splay purposes.

6.3. Capabilities State
Li ke LDP, nlDP capabilities state conprises two types of information
* gl obal: augnents |dp:global/ldp:capability
* per-peer: augnents |dp:peers/|dp: peer/ldp:capability

The followi ng tree captures the high-level tree hierarchy for nDP
capabilities state.
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+--rw npl s-1dp
+--rw gl obal

+--rw capability

|  +--rwmndp:mdp
+--rw m dp: p2np
| +--rw nldp: enabl ed? bool ean
+--rw nm dp: np2np
| +--rw mdp: enabl ed? bool ean
+--rw m dp: make- bef or e- br eak

| +--rw nm dp: enabl ed? bool ean
|  +--rw ml dp: switchover-del ay? uintl6

+--rw m dp- ext: hub- and- spoke {capability-m dp-hsnp}?
| +--rw m dp-ext:enabl ed? bool ean
+--rw m dp-ext: node-protection {capability-m dp-node-protection}?

+--rw mdp-ext:plr? bool ean
+--rw m dp- ext: nerge- poi nt
+--rw m dp- ext: enabl ed? bool ean

I

I

I

I

|

|

| |  +--rw mdp:tinmeout? ui nt 16
I

I

|

I

I

| +--rw m dp-ext:target ed-sessi on-teardown- del ay? ui nt 16

+--rw peers
+--rw peer* [Isr-id | abel -space-id]
+--rwlsr-id rt-types:router-id
+--rw | abel - space-id uintl16
+--rw address-famlies
+--ro0 received-peer-state
+--ro0 capability
+--ro mdp: mdp
+--ro mdp: p2np
| +--ro mdp:is-capabl e? bool ean
+--ro mdp: mp2np
| +--ro mdp:is-capabl e? bool ean
+--ro m dp: make- bef or e- br eak
| +--ro mdp:is-capabl e? bool ean
+--ro m dp-ext: hub- and- spoke
| +--ro mdp-ext:is-capable? bool ean
+--ro m dp-ext: node-protection
+--ro mdp-ext:is-plr-capabl e? bool ean
+--ro m dp-ext:is-nerge-point-capabl e? bool ean

Figure 9: Capabilities state tree
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7. Notifications

The nlLDP notification nodel consists of notifications related to
changes in the operational state of an nLDP FEC. The "base" nlLDP
data nodel includes only the "Generic LSP Identifier" opaque FEC type
(for ipvd), while rest of the FEC types are covered by the "extended"
mLDP nodel .

A simplified graphical representation of the data nodel for nlDP
notifications is illustrated earlier in Figure 2

8. Actions
Currently, no RPCs/actions are defined for nlDP
9. YANG Specification

The foll owi ng sections specify the actual YANG (nodul e) specification
for mLDP constructs defined earlier in the docunent.

9.1. Base

Thi s YANG nodul e i nports types defined in [ RFC6991], [ RFC8343],
[ RFC8349], [RFC9070], and [ RFC8294].

<CODE BEG@ NS> file "ietf-npls-mdp@025-10-20. yang"
/1 RFC Editor: replace the above date with the date of
/1 publication and renove this note.

modul e ietf-npls-mdp {
yang-version 1.1;

nanespace "urn:ietf:paranms:xm:ns:yang:ietf-npls-m dp”
prefix "mdp";

inmport ietf-inet-types {
prefix "inet";
reference "RFC 6991: Conmon YANG Data Types";

}
inmport ietf-interfaces {
prefix "if";
reference "RFC 8343: A YANG Data Mdel for Interface Managenent";
}
inmport ietf-npls-ldp {

prefix "ldp";
reference "RFC 9070: YANG Data Model for MPLS LDP";
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}
inmport ietf-routing {
prefix "rt";
ref erence
"RFC 8349: A YANG Data Model for Routing Managenent (NVDA
version)";
}

inmport ietf-routing-types {
prefix "rt-types";
ref erence
"RFC 8294: Common YANG Data Types for the Routing Area";

}

organi zati on
"I ETF MPLS Worki ng G oup”;

cont act
"W Web: <http://tools.ietf.org/ wy/ npls/>
WG List: <mailto:npls@etf.org>

Edi t or: Kanr an Raza
<mmi | t o: skraza@i sco. con»

Edi t or: Xufeng Liu
<mailto:xufeng.liu.ietf@mil.conp

Edi t or: Sant osh Esal e
<mai | t 0: sant osh_easal e@er kel ey. edu>

Edi t or: Loa Andersson
<mai |l to: | oa@i . nu>

Edi t or: Jeff Tantsura
<mailto:jefftant.ietf @mail.conp";

description
"Thi s YANG nodul e defines the essential conmponents for the
managenent of Multiprotocol Label Switching (MPLS) Milti point
LDP (mLDP).

The types and groupings defined in this nodul e are intended excl usively
for use within this nodule itself or any other nodul e that augnments this
modul e.

Copyright (c) 2024 | ETF Trust and the persons identified as
authors of the code. All rights reserved.
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Redi stribution and use in source and binary forms, with or

wi t hout nodification, is permtted pursuant to, and subject to
the license terns contained in, the Revised BSD License set
forth in Section 4.c of the | ETF Trust’'s Legal Provisions

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

This version of this YANG nodule is part of RFC XXXX
(https://www. rfc-editor.org/info/rfcXXXX); see the RFC itself
for full legal notices.";

/1 RFC Editor: replace XXXX with actual RFC nunber and renove
/1 this note

revisi on 2025-10-20 {
/1l RFC Editor: replace the above date with the date of
/1 publication and renobve this note.

description

"Addressing RtgDir review comments related to recursive FEC';
reference

"RFC XXXX: YANG Data Model for MPLS nlDP';

/1 RFC Editor: replace XXXX with actual RFC nunber and renove

/1l this note

}

revisi on 2025-07-05 {
/1l RFC Editor: replace the above date with the date of
/1 publication and renove this note.
description
"Addressing RigDir review comments";
reference
"RFC XXXX: Base YANG Data Mddel for MPLS nliDP";
/1 RFC Editor: replace XXXX with actual RFC number and renove
/1 this note

}

revision 2024-12-01 {
/1 RFC Editor: replace the above date 2024-12-01 with the date of
/1 publication and renove this note.
description
" Addr essi ng YANG doctors revi ew coment s";

ref erence
"RFC XXXX: Base YANG Data Model for MPLS nlDP";
/1 RFC Editor: replace XXXX with actual RFC number and renove

// this note

}
revision 2021-11-11 {
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description
"Initial revision.";
ref erence
"RFC XXXX: Base YANG Data Mddel for MPLS nlLDP";
/1 RFC Editor: replace XXXX with actual RFC nunber and renove
/1 this note

}

/*
* Typedefs
*/

typedef nmultipoint-type {
type enuneration {

enum p2mp {
description "Point to nultipoint”;

}
enum np2mp {

description "Miultipoint to nultipoint";
}

}

description
"The type of a multipoint LSP: either Point to nultipoint
(p2nmp) or Multipoint to multipoint (np2m)";

typedef | sp-mbb-role {
type enuneration {
enum none {
description "Mke-before-break (MBB) is not enabled.";

enum active {
description "This LSP is active.";
}

enum i nactive {
description "This LSP is inactive.";
}

}

description
"This type represents the Make-before-break
role of an LSP.";

}

/*
* |dentities
*/

/1 1 ANA: LDP MP Opaque Val ue El enent basic type
i dentity m dp-opaque-val ue-el enent -basi c-type {
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description
"Base identity from which specific Opaque val ue el enent basic types are
derived.";
ref erence
"LDP MP Opaque Val ue El enent basic type | ANA registry at
https://ww. i ana. or g/ assi gnnent s/ | dp- nanespaces/ | dp- nanespaces. xht ml #l dp- nanesp
aces-11";

}

identity Ispid {
base m dp- opaque-val ue- el enent - basi c-type;
description "Ceneric LSP identifier type";
reference "RFC 6388";

}

identity transit-source-v4 {
base m dp- opaque-val ue- el enent - basi c-type;
description "Transit |Pv4 Source TLV type"
ref erence "RFC 6826";

}

identity transit-source-v6 {
base m dp- opaque-val ue- el enent - basi c-type;
description "Transit |Pv6 Source TLV type"
ref erence "RFC 6826";

}

identity transit-bidir-v4 {
base m dp- opaque-val ue- el enent - basi c-type;
description "Transit |Pv4 Bidir TLV type";
reference "RFC 6826";

}

identity transit-bidir-vé {
base m dp- opaque-val ue- el enent - basi c-type;
description "Transit IPv6 Bidir TLV type";
ref erence "RFC 6826";

}

identity recur-opaque {
base m dp- opaque-val ue- el enent - basi c-type;
description "Recursive Opaque val ue";
reference "RFC 6512";

}

identity transit-source-vpnv4 {
base m dp- opaque-val ue- el enent - basi c-type;
description "Transit VPNv4 Source TLV type";
reference "RFC 7246";
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}

identity transit-source-vpnvé {
base mn dp- opaque-val ue- el enent - basi c-type;
description "Transit VPNv6 Source TLV type";
reference "RFC 7246";

}

identity transit-bidir-vpnvd {
base nl dp- opaque-val ue- el enent - basi c-type;
description "Transit VPNv4 Bidir TLV type";
reference "RFC 7246";

}

identity transit-bidir-vpnve {
base mn dp- opaque-val ue- el enent - basi c-type;
description "Transit VPNv6 Bidir TLV type";
reference "RFC 7246";

}

identity recur-opaque-vpn {
base m dp- opaque-val ue- el enent - basi c-type;
description "VPN Recursive Opaque val ue";
reference "RFC 6512";

}

/*
* &roupi ngs
*/
groupi ng m dp-capabilities-base {
description
"A groupi ng describing the protocol capabilities of nlLDP as specified
in RFC6388";

contai ner p2mp {
description
"Configuration and state information for the
poi nt-to-mul ti point capability”;
| eaf enabl ed {
type bool ean;
description
""true’ to enable the point-to-multipoint capability";
}

}
contai ner nmp2mp {

description
"Configuration and state information for the
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mul ti point-to-multipoint capability"”;
| eaf enabl ed {
type bool ean;
description
""true' to enable the nultipoint-to-mnultipoint capability";
}

}

cont ai ner make- bef ore-break {
description
"Configuration and state information for the
make- bef ore- break capability.";
| eaf enabl ed {
type bool ean;
description
""true’ to enabl e the nake-before-break capability"”;

| eaf switchover-delay {
type uint 16;
units seconds;
description
"Swi tchover delay (in seconds) for activating an inactive elenent”;

| eaf tineout {
type uint 16;
units seconds;
description
"To prevent waiting indefinitely for the MBB Notification to arrive,
a tineout should be applied. As soon as the timer expires,
the MBB procedures, sanme as those applied at the receipt of an MBB
notification, are applied on the inactive elenent.";

}
}
} // mdp-capabilities-base

groupi ng ml dp-bindi ng-1abel -peer-state-attributes {

description

"nmLDP | abel binding per peer attributes”;
| eaf direction {

type | dp: downst r eam upstream

description

"Downstream or upstream | abel binding";

}

| eaf advertisenment-type {
type | dp: adverti sed-recei ved,;
description
"Advertised (outbound) or received | abel (inbound) binding";

| eaf | abel {
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type rt-types: npl s-Iabel;
description
"Advertised (outbound) or received (inbound) |abel";

}
| eaf nbb-status {
when "../direction = "upstream " {
description
"This leaf is used for MBB upstreamdirection only.";

}
type | sp-nbb-role;
description
"The MBB status of this LSP";

} // mdp-binding-1abel -peer-state-attributes

groupi ng nldp-binding-|abel-state-attributes {
description
"nmLDP | abel binding attributes";
list peer {
key "direction peer advertisenent-type";
description
"List of peers with bindings exchnaged (sent and/or received)";
| eaf peer {
type leafref {
pat h
el oo dp: peers/ | dp: peer/”
+ "ldp:lIsr-id";
}
description
"[mM LDP peer fromwhich this binding is received, or
to which this binding is advertised.";

uses ni dp- bi ndi ng-1 abel - peer-state-attri butes;
} I/ peer
} // mdp-binding-1label-state-attributes

/*
* Configuration data and operational state data nodes
*/
augnent "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /| dp: npl s-1dp/| dp: gl obal /"
+ "l dp:capability" {
description "Augrmentation for nlLDP gl obal capability";
container mdp {
description
"This container contains the configuration and state
information for nultipoint LDP capabilities.";
uses m dp-capabilities-base;
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}
}

/*
* (perational state data nodes
*/
augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/ | dp: peers/| dp: peer/"
+ "l dp:received-peer-state/l dp: capability" {
description
"Augnentation for nLDP received peer state capability";
container mdp {
description
"Operational state information for the protocol capabilities
of nmLDP peer"”;

contai ner p2nmp {
description
"Qperatiobal state information for the point-to-nultipoint
capability of a peer";
| eaf is-capable {
type bool ean;
description
""true' when point-to-nultipoint capability is received from peer";
}

}
cont ai ner nmp2nmp {

description
"Operational state information for the
mul tipoint-to-nmultipoint capability of a peer”;
| eaf is-capable {
type bool ean;
description
""true' when multipoint-to-nmultipoint capability is received from peer";

}
}

cont ai ner nake-bef ore-break {
description
"Qperational state information for the nmake-before-break
capability of a peer”;
| eaf is-capable {
type bool ean;
description
""true’ when make-before-break capability is received from peer”;

}

}
} // mdp
}
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/*
* d obal augmentation
*/
augnment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/1dp: gl obal " {
description "nLDP gl obal augnmentation.";
container mdp {
description
"nmLDP attributes at per instance |evel. Defining
attributes here does not enable any MP capabilities.
MP capabilities need to be explicitly enabl ed under
capability container";

| eaf enabl ed {
type bool ean;
description
""true' to enable nLDP protocol"”;

}

cont ai ner address-fanilies {
description
"Per-address-fam |y configuration and operational state.
The address famly can be either 1Pv4 or |IPv6.";

cont ai ner ipv4d {
presence "Enables | Pv4 nlLDP support unless the
"enabled leaf is set to 'false .";
description
"Containing data related to the IPv4 address famly.";
| eaf enabl ed {
type bool ean;
default "true"; // TBD
description
""false’ to disable the IPv4 address famly.";

}

contai ner roots {
config fal se;
description
"I Pv4 mul ticast LSP roots"”;
list root {
key "root-address";
description
"List of roots for configured nulticast LSPs";

| eaf root-address {

type inet:ipv4-address;
description
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"Root address.";

}

| eaf is-self {
type bool ean;
description
"The node itself is the root node.";
}

list reachability {

key "address interface";
description

"Root reachability information in formof a next-hop";
| eaf address {

type inet:ipv4-address;

description

"The next-hop address to reach root";

| eaf interface {
type if:interface-ref;
description
"The next-hop interface to reach root";

| eaf peer {
type leafref {
pat h
el oo 1 dp: peers/ T
+ "l dp: peer/ldp:lsr-id";
}
description
"LDP peer associated with the nexthop (address, interface)";
}

}

cont ai ner bindings {
description
"nmLDP FEC-1abel bindings";
cont ai ner opaque-val ue-el ement-1spid {
description
"Generic LSP identifier opaque el enment FEC-|abel bindings containe

ref erence
"RFC6388: Label Distribution Protoco
Extensi ons for Point-to-Miltipoint and
Mul tipoint-to-Miltipoint Label Sw tched

Pat hs.";
list fec-label {
key
"lsp-id";
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description

"Li st of FEC-|abel bindings";
| eaf Isp-id {

type uint32;

description "LSP identifier";
}
| eaf multipoint-type {

type mul ti point-type;

description

"The type of multipoint: p2np or np2nmp";

}

| eaf opaque-val ue-el ement-type {
type identityref {
base m dp- opaque-val ue- el ement - basi c-type; }
description "Type of Opaque val ue el enent”;

}

uses m dp- bi ndi ng-1 abel -state-attributes;
} /1 fec-1abel
} // opaque-val ue-el enent-1|spid
} // bindings

contai ner static-Ilsps-leaf {
description
"Statically Configured multicast LSPs at |eaf node.";
cont ai ner opaque-val ue-el ement-1spid {
description
"Generic LSP identifier opaque el enment FEC-I|abel bindings conta
i ner";
ref erence
"RFC6388: Label Distribution Protoco
Extensi ons for Point-to-Miltipoint and
Mul tipoint-to-Miltipoint Label Sw tched

Pat hs.";
list fec-label {
key "lsp-id";

description
"List of FEC to |abel bindings.";
| eaf Isp-id {
type uint32;
description "LSP identifier";
}
| eaf multipoint-type {
type mul ti point-type;
description
"The type of multipoint: p2np or np2nmp";

}
} /1 fec-1abel
} /1 opaque-val ue-el enent-1spid
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} /] static-Isps-1eaf

} /] list root
} // roots
Y /] ipva
} // list address-famly
} /1 mdp

/*
* Notifications
*/
notification npls-nldp-fec-event {
description
"Notification event for a change of FEC status"”;
| eaf event-type {
type | dp: oper-status-event-type;
description "Event type";
}
choi ce opaque-val ue-el ement {
description
"The type of opaque val ue el enent";
case opaque-val ue-el ement-Ispid {
cont ai ner opaque-val ue-el ement-1spid {
description
"CGeneric LSP identifier opaque el enment"”;
ref erence
"RFC6388: Label Distribution Protoco
Ext ensi ons for Point-to-Miltipoint and
Mul ti point-to-Miltipoint Label Switched
Pat hs. ";
| eaf root-address {
type inet:ip-address;
description
"Root address.";

}
leaf Isp-id {
type uint32;
description "LSP identifier";

| eaf multipoint-type {
type mul ti point-type;
description
"The type of multipoint: p2np or np2mp";

} // contai ner opaque-val ue-el ement-1spid

}
}
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}
<CODE ENDS>
Fi gure 10: nlLDP base nodul e
9.2. Extended

Thi s YANG nodul e inports types defined in [ RFC6991], [ RFC8343],
[ RFC8349], [RFCI9070], and [ RFC8294].

<CODE BEG NS> file "ietf-npls-mdp-extended@025-10-20. yang"
/1 RFC Editor: replace the above date with the date of
/1 publication and renove this note.

nmodul e i etf-npls-nm dp-extended {
yang-version 1.1;

nanespace "urn:ietf:parans: xm :ns:yang:ietf-npls-n dp-extended";
prefix "mdp-ext";

inmport ietf-inet-types {
prefix "inet";
reference "RFC 6991: Conmon YANG Data Types";

}
inmport ietf-interfaces {

prefix "if";

reference "RFC 8343: A YANG Data Mdel for Interface Managenent"
}
inmport ietf-routing {

prefix "rt";

ref erence

"RFC 8349: A YANG Data Model for Routing Managenent (NVDA
version)";

}

import ietf-routing-types {
prefix "rt-types";
ref erence
"RFC 8294: Common YANG Data Types for the Routing Area";

}
inmport ietf-npls-ldp {

prefix "ldp";

reference "RFC 9070: YANG Data Model for MPLS LDP";
}
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i mport ietf-npls-I1dp-extended {
prefix "l dp-ext";
reference "RFC 9070: YANG Data Mdel for MPLS LDP';
}
inmport ietf-npls-mdp {
prefix "mdp";
reference "RFC XXXX: Base YANG Data Mddel for MPLS nliDP";
/1l RFC Editor: replace the XXXX wi th actual nmlLDP YANG RFC number at
/1 time of publication and renove this note.

}

organi zati on
"I ETF MPLS Worki ng G oup”;

cont act
"WG Web: <http://tools.ietf.org/ wy/ mpls/>
WG List: <mailto:npls@etf.org>

Edi t or: Kanran Raza
<mai | t 0o: skraza@i sco. conp

Edi t or: Xufeng Liu
<mailto: xufeng.liu.ietf@mail.conp

Edi t or: Sant osh Esal e
<mai | t 0: sant osh_easal e@er kel ey. edu>

Edi t or: Loa Ander sson
<mai | to: | ca@i . nu>

Edi t or: Jeff Tantsura
<mailto:jefftant.ietf@mail.com";

description
"Thi s YANG nodul e defines the extended conponents for the
managenent of Miltiprotocol Label Switching (MPLS) Milti point
LDP (nliDP).

The types and groupings defined in this nodul e are intended excl usively
for use within this nodule itself or any other nodul e that augnments this
nodul e.

Copyright (c) 2024 | 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 Revised BSD License set
forth in Section 4.c of the | ETF Trust’'s Legal Provisions
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Rel ating to | ETF Documents
(https://trustee.ietf.org/license-info).

This version of this YANG nodule is part of RFC XXXX
(https://www rfc-editor.org/info/rfcXXXX); see the RFC itself
for full legal notices.";

/1 RFC Editor: replace XXXX with actual RFC number and renove
/1 this note

revisi on 2025-10-20 {
/1 RFC Editor: replace the above date with the date of
/1 publication and renove this note.
description
"Addressing RigDir review comments related to recursive FEC';
ref erence
"RFC XXXX: Base YANG Data Mdel for MPLS nlLDP";
/1 RFC Editor: replace XXXX with actual RFC nunber and renove
/1 this note

}

revisi on 2025-07-05 {
/1 RFC Editor: replace the above date with the date of
/1 publication and renove this note.
description
"Addressing RigDir review comments”;
ref erence
"RFC XXXX: Base YANG Data Mdel for MPLS nlLDP";
/1 RFC Editor: replace XXXX with actual RFC nunber and renove
/1 this note

}

revision 2024-12-01 {

/!l RFC Editor: replace the above date 2024-12-01 with the date of
/1 publication and renobve this note.

description

" Addr essi ng YANG doctors revi ew comment s";

reference

"RFC XXXX: Base YANG Data Mddel for MPLS nlLDP";
/1 RFC Editor: replace XXXX with actual RFC nunber and renove

/1l this note

}

revision 2021-11-11 {
description
"Initial revision.";
ref erence
"RFC XXXX: Extended YANG Data Mbdel for MPLS nlDP";
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/1 RFC Editor: replace XXXX with actual RFC nunmber and renove
/1l this note

}

/*
* Features
*/
feature capability-m dp-hsmp {
description
"This feature indicates that the systemallows to configure
nmLDP hub- and- spoke-mul ti poi nt capability.";
ref erence
"RFC7140: LDP Extensions for Hub and Spoke Mul ti point
Label Switched Path";

}

feature capability-nl dp-node-protection {
description
"This feature indicates that the systemallows to configure
m_.DP node-protection capability.";
ref erence
"RFC7715: Multipoint LDP (nLDP) Node Protection”;

}

feature mdp-nofrr {
description
"This feature indicates that the system supports nLDP
Multicast only FRR (MOFRR).";
ref erence
"RFC7431: Multicast-Only Fast Reroute";

}

feature per-peer-capability {
description
"This feature indicates that the systemallows to configure
nLDP capabilities at the per peer |level.";

}

/*
* Typedefs
*/
typedef |sp-nofrr-role {
type enuneration {
enum none {
description "MFRR i s not enabled.”;
}
enum primary {
description "This LSP is primary.";
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enum backup {
description "This LSP is backup.";
}
}

description
"This type represents the MoFRR (Multicast-only FRR)
role of an LSP.";

}

/*
* &roupi ngs
*/
groupi ng m dp-ext-bi ndi ng-1| abel -peer-state {
description
"nLDP | abel binding peer state.”;

list peer {
key "direction peer advertisenent-type";
description
"List of peers with bindings exchnaged (sent and/or received)"”;
| eaf peer {
type leafref {
pat h
el oo o o T dp: peers/ | dp: peer/”
+ "ldp:lsr-id";
}
description
"[m LDP peer fromwhich this binding is received, or
to which this binding is advertised.";

}
uses mi dp: ml dp- bi ndi ng- | abel - peer-state-attributes;

| eaf nmofrr-status {
when "../direction = "upstream " {
description
"This leaf is used for MOFRR upstreamdirection only.";
}

type I sp-nmofrr-role;
description
"The MOFRR status of this LSP";
}

} I/ peer
} // mdp-ext-Dbinding-I|abel -peer-state

groupi ng m dp-ext-capabilities {

description
"nmLDP extended capabilities";
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cont ai ner hub- and-spoke {
i f-feature capability-m dp-hsnp;
description
"Configure hub-and-spoke-nultipoint capability";
ref erence
"RFC7140: LDP Extensions for Hub and Spoke Mul ti point
Label Switched Path";
| eaf enabl ed {
type bool ean;
description
"Enabl e hub-and-spoke-nmultipoint";

}
}

cont ai ner node-protection {
if-feature capability-m dp-node-protection
description
"Configure node-protection capability.";
reference
"RFC7715: nlLDP Node Protection.";
| eaf plr {
type bool ean;
description
"Point of Local Repair (PLR) capable for Miltipoint LSP
node protection";
}
cont ai ner merge-point {
description
"Merge Point capable for Multipoint LSP node protection”;
| eaf enabl ed {
type bool ean;
description
"Enabl e merge point capability";

| eaf targeted-session-teardown-del ay {
type uint 16;
units seconds;
description
"Targeted session teardown del ay";

} /1 nerge-point
} // node-protection
} // mdp-ext-capabilities

groupi ng m dp-ext-per-af-config-attributes {
description
"mLDP per address fam |y configuration attributes”;
container nmulticast-only-frr {
if-feature mdp-nofrr
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description
"Multicast-only FRR (MoFRR) policy";
reference
"RFC7431: Multicast-Only Fast Reroute";
| eaf prefix-list {
type ldp-ext:prefix-list-ref;
description
"Enables Multicast-only FRR (MoFRR) for the specified prefix-list";

} // multicast-only-frr

contai ner recursive-fec {
description
"Recursive FEC policy";
| eaf prefix-list {
type ldp-ext:prefix-list-ref;
description
"Enabl es recursive FEC for the specified prefix-list";

} /] recursive-fec
} // mdp-ext-per-af-config-attributes

groupi ng opaque-val ue-el enent -recur si ve-cont ai ner {
description
"Cont ai ner nlLDP recursive opaque el enments.";
reference
"RFC6512: Using Miultipoint LDP Wen the
Backbone Has No Route to the Root";

cont ai ner opaque-val ue-el enent -recursive {
config fal se;
description
"Recursive opaque type";
ref erence
"RFC6512: Using Multipoint LDP Wen the
Backbone Has No Route to the Root";
list fec-label {
key
"rd opaque-val ue";
description
"Li st of FEC-|abel bindings";
leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher”;
ref erence
"RFC7246: Ml tipoint Label Distribution
Protocol In-Band Signaling in a Virtua
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Routi ng and Forwardi ng (VRF) Tabl e
Context.";
}
| eaf opaque-val ue {
type binary;
description
"The opaque value that is not interpreted at this device.";

| eaf multipoint-type {
type mdp: multipoint-type;
description "The type of nultipoint: p2np or np2np";
}
| eaf opaque-val ue-el ement -type {
type identityref { base m dp: m dp- opaque-val ue- el enent - basi c-type;
description "Type of Opaque val ue el enent”;

}

uses m dp- ext - bi ndi ng-1 abel - peer-state;
} /1 fec-1abel
} /] opaque-val ue-el enent-recursive
} /] opaque-val ue-el enent -recursive-contai ner

groupi ng recursive-fec-base-attributes {
description
"mLDP recursive FEC base attributes.";
reference
"RFC6512: Using Miultipoint LDP Wen the
Backbone Has No Route to the Root";
| eaf recur-root-address {
type inet:ip-address;
description
"Recursive root address";

} /'l recursive-fec-base-attributes

groupi ng recursive-fec-attributes {
description
"mLDP recursive FEC attributes.";
ref erence
"RFC6512: Using Miultipoint LDP Wen the
Backbone Has No Route to the Root";

uses recursive-fec-base-attributes;
| eaf recur-rd {
type rt-types:route-distinguisher;

description
"Route Distinguisher in the VPN Recursive
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Opaque Val ue";

} /] recursive-fec-attributes

Raza,

/*
* Configuration data and operational state data nodes
*/
/1 d obal capability
augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /| dp: npl s-1dp/| dp: gl obal /"
+ "ldp:capability/mdp: mdp" {
description "Augnmentation for nlLDP gl obal capabilities.";

uses m dp-ext-capabilities;

}

[* TODO FI XME
[l Peer capability
augrment "/rt:routing/rt:control-plane-protocols/”

2025

+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/ | dp: peers/| dp: peer/"

+ "ldp:capability" {
description "Augnentation for nlLDP peer capability.";
container mdp {

i f-feature per-peer-capability;

description

"nLDP capabilities";

uses m dp: m dp-capabilities;

}
o

/1 1Pv4 config
augrment "/rt:routing/rt:control-plane-protocols/”

+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/ 1 dp: gl obal /m dp: m dp/ "

+ "m dp: address-fam | i es/ m dp:ipv4d" {
description "Augnentation for nLDP | Pv4 configuration”;
uses m dp-ext-per-af-config-attributes;

}

augrment "/rt:routing/rt:control-plane-protocols/”

+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/1dp: gl obal/mdp: mdp/"

+ "m dp: address-fam | i es/ m dp:i pv4/ m dp: roots/ m dp:root/"
+ "mdp:static-lsps-leaf" {
description
"Augnentation for mLDP | Pv4 static-Isps-I|eaf
configuration for other opaque types”;

cont ai ner opaque-val ue-el enent-transit-source {
description
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"Transit |Pv4/VPNv4 Source opaque type";
ref erence
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul tipoint-to-Miltipoint Label Switched Paths.";
list fec-label {
key
"sour ce-address group-address rd";
description
"Li st of FEC-label bindings";
| eaf source-address {
type inet:ipv4-address;
description
"Source address (0.0.0.0 refers to wildcard *)";
}

| eaf group-address {
type inet:ipv4-address;
description
"Group address (0.0.0.0 refers to wildcard *)";
}

leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher";
reference
"RFC7246: Multipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routing and Forwardi ng (VRF) Tabl e
Context.";

}
} /1 fec-1abel
} /] opaque-val ue-el enent-transit-source

cont ai ner opaque-val ue-el enent-transit-bidir {
description
"Transit | Pv4/VPNv4 Bidir opaque type";
reference
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul tipoint-to-Miltipoint Label Swtched
Pat hs.";
list fec-label {
key
"maskl en rp group-address rd";
description
"Li st of FEC-label bindings";
| eaf maskl en {
type uint8;
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description "Mask length for the subnet”;

}
leaf rp {
type inet:ipv4-address;
description
"Rendezvous- Poi nt (RP) address";
}

| eaf group-address {
type inet:ipv4-address;
description
"Group address";

}
leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher”;
reference
"RFC7246: Ml tipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routi ng and Forwardi ng (VRF) Tabl e
Context.";

}
} /1 fec-1abel
} /1 opaque-val ue-el enent-transit-bidir

}

/1 1Pv6 config
augnment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/ldp: gl obal/mdp: mdp/"
+ "m dp: address-fani |l i es/ipv6" {
description "Augnmentation for nLDP | Pv6 configuration”;
uses m dp-ext-per-af-config-attributes;

}

/1 d obal forwarding-nexthop
augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/I dp: gl obal /"
+ "l dp-ext:forwardi ng- next hop/| dp-ext:interfaces/"
+ "ldp-ext:interface/l dp-ext:address-fam|ly" {
description
"Augnentati on for nLDP nexthop forwarding interface";
| eaf m dp-disable {
type bool ean;
description
"Di sabl e nLDP forwarding on this interface”;
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/*

* (perational state data nodes

*/

/1 1Pv4 state for per peer bindings

augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/ldp: gl obal/m dp: mdp/"
+ "m dp: address-fam | i es/ m dp:ipv4/ m dp:roots/ m dp:root/"
+ "m dp: bi ndi ngs/ m dp: opaque-val ue-el enent -1 spi d/ m dp: fec-1abel /"
+ "mdp: peer” {
description "Augnmentation for nLDP | Pv4 state";

| eaf nmofrr-status {
when "../mdp:direction = "upstream " {
description
"This leaf is used for upstreamdirection only.";
}

type I sp-nofrr-role;
description
"The MOFRR status of this LSP";
}

}

/1 Peer capability state
augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/ | dp: peers/| dp: peer/"
+ "l dp:received-peer-state/ldp: capability/mdp: mdp" {
description
"Augnentation for nLDP received peer state capability.";
cont ai ner hub-and-spoke {
description
"QOperatiobal state information for the peer’s hub-and-spoke-nmnulti point
capability.";
ref erence
"RFC7140: LDP Extensions for Hub and Spoke Mul ti point
Label Switched Path";
| eaf is-capable {
type bool ean;
description
""true’ when hub-and-spoke-nultipoint capability is received from
peer";
}
}

cont ai ner node-protection {
description
"Qperatiobal state information for the peer’s node-protection
capability";
reference
"RFC7715: nlDP Node Protection.";
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| eaf is-plr-capable {
type bool ean;
description
""true' when Point of Local Repair (PLR) node-protection capability
is received from peer";
}
| eaf is-merge-point-capable {
type bool ean;
description
""true' when Merge-point node-protection capability is received from
peer";
} /1 nerge-point
} /1 node-protection

}

/1 1Pv4 bindings state
augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/1dp: gl obal /m dp: m dp/"
+ "m dp: address-fam | i es/ m dp:ipv4/ m dp: roots/ m dp:root/"
+ "m dp: bi ndi ngs" {
description "Augnmentation for nLDP | Pv4 bindi ngs extended type.";

cont ai ner opaque-val ue-el enent-transit-source {
description
"Transit | Pv4/VPNv4 Source opaque type";
ref erence
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Muil ti point and
Mul tipoint-to-Miltipoint Label Switched Paths.";
list fec-label {
key
"sour ce-address group-address rd";
description
"Li st of FEC-label bindings";
| eaf source-address {
type inet:ipv4-address;
description
"Source address (0.0.0.0 refers to wildcard *)";
}

| eaf group-address {
type inet:ipv4-address;
description
"Group address (0.0.0.0 refers to wildcard *)";

}
leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher";
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ref erence
"RFC7246: Multipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routing and Forwardi ng (VRF) Tabl e
Context.";
}
| eaf multipoint-type {
type m dp: mul tipoint-type;
description "The type of nultipoint: p2np or np2np";
}
| eaf opaque-val ue-el ement-type {
type identityref { base m dp: m dp- opaque-val ue- el enent - basi c-type; }
description "Type of Opaque val ue el enent”;

}

uses nl dp- ext - bi ndi ng-1 abel - peer-state;
} /1 fec-1abel
} /1 opaque-val ue-el enent-transit-source

cont ai ner opaque-val ue-el ement-transit-bidir {
description
"Transit | Pv4/VPNv4 Bidir opaque type";
ref erence
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil tipoint and
Mul tipoint-to-Miltipoint Label Sw tched
Pat hs. ";
list fec-label {
key
"maskl en rp group-address rd";
description
"Li st of FEC-|abel bindings";
| eaf maskl en {
type uint8;
description "Mask |l ength for the subnet”;

}
leaf rp {
type inet:ipv4-address;
description
"Rendezvous Point (RP) address";
}

| eaf group-address {
type inet:ipv4-address;
description
"Group address"”;
}

| eaf rd {
type rt-types:route-distinguisher;
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description
"Rout e Distinguisher”;
ref erence
"RFC7246: Multipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routing and Forwardi ng (VRF) Tabl e
Context.";

| eaf multipoint-type {
type mdp: multipoint-type;
description "The type of nultipoint: p2np or np2np";
}
| eaf opaque-val ue-el ement -type {
type identityref { base m dp: m dp- opaque-val ue- el enent - basi c-type; }
description "Type of Opaque val ue el enent”;

}

uses m dp- ext - bi ndi ng-1 abel - peer-state;
} /1 fec-1abel
} /] opaque-val ue-elenent-transit-bidir

uses opagque-val ue-el enent -r ecur si ve- cont ai ner

/1 1Pv6 bindings state
augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/ 1 dp: gl obal /m dp: m dp/ "
+ "m dp: address-fam | i es/i pv6/roots/root/bindi ngs" {
description "Augnentation for nLDP | Pv6 bindings.";
cont ai ner opaque-val ue-el enent-transit-source {
config fal se;
description
"Transit | Pv6/VPNv6 Source opaque type";
ref erence
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul ti point-to-Miltipoint Label Switched
Pat hs. ";
list fec-label {
key
"sour ce-address group-address rd";
description
"Li st of FEC-1abel bindings";
| eaf source-address {
type inet:ipv6-address;
description
"Source address (::0 refers to wildcard *)";
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| eaf group-address {
type inet:ipv6-address;
description
"Group address (::0 refers to wildcard *)";

}
leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher”;
ref erence
"RFC7246: Ml tipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routi ng and Forwardi ng (VRF) Tabl e
Context.";

| eaf multipoint-type {
type mdp: multipoint-type;
description "The type of nultipoint: p2np or np2np";
}
| eaf opaque-val ue-el ement -type {
type identityref { base nml dp: ml dp- opaque-val ue- el enent - basi c-type; }
description "Type of Opaque val ue el enent”;

}

uses ni dp- ext - bi ndi ng-1 abel - peer-state;
} /1 fec-Iabel
} // opaque-val ue-el enent-transit-source

cont ai ner opaque-val ue-el enent-transit-bidir {
config fal se;
description
"Transit | Pv6/VPNv6 Bidir opaque type";
ref erence
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul ti point-to-Miltipoint Label Switched
Pat hs.";
list fec-label {
key
"maskl en rp group-address rd";
description
"Li st of FEC-1abel bindings";
| eaf maskl en {
type uint8;
description "Mask length for the subnet”;
}
leaf rp {
type inet:ipv6-address;
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description
"Rendezvous Point (RP) address";
}
| eaf group-address {
type inet:ipv6-address;
description
"Group address";

}
leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher";
reference
"RFC7246: Multipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routing and Forwardi ng (VRF) Tabl e
Context.";

| eaf multipoint-type {
type m dp: mul tipoint-type;
description "The type of nultipoint: p2np or np2np";
}
| eaf opaque-val ue-el ement-type {
type identityref { base nm dp: m dp- opaque-val ue- el enent - basi c-type;
description "Type of Opaque val ue el enent”;

}

uses nl dp- ext - bi ndi ng-1 abel - peer-state;
} /1 fec-1abel
} /1 opaque-val ue-el enent-transit-bidir

uses opaque-val ue-el ement -r ecur si ve- cont ai ner

/*
* Per AF augnentation
*/
/1 1Pv6 augnentation
augrment "/rt:routing/rt:control-plane-protocols/”
+ "rt:control -pl ane-protocol /1 dp: npl s-1dp/1dp: gl obal/mdp: mdp/"
+ "m dp: address-fani | i es" {
description "Augnentation for nLDP | Pv6 address famly.";
contai ner ipv6é {
presence "Enables |1 Pv6 nLDP support unless the
"enabled leaf is set to "false .";
description
"Containing data related to the IPv6 address famly.";
| eaf enabl ed {
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type bool ean;
default "true"; // TBD
description
""false’ to disable the IPv6 address famly.";
}

container roots {
config fal se;
description
"I Pv6 multicast LSP roots"”;
list root {
key "root-address";
description
"List of roots for configured nulticast LSPs";

| eaf root-address {
type inet:ipv6-address;
description
"Root address"”;
}

| eaf is-self {
type bool ean;
description
"The node itself is the root node.";
}

list reachability {
key "address interface";
description
"Root reachability information in formof a next-hop";

| eaf address {

type inet:ipv6-address;

description

"The next-hop address to reach root";

| eaf interface {
type if:interface-ref;
description
"The next-hop interface to reach root";

| eaf peer {
type leafref {
pat h
el o 1 dp: peers/”t
+ "l dp: peer/ldp:lsr-id";
}

description
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"LDP peer associated with the nexthop (address, interface)";

}
}

cont ai ner bindings {
description
"nmLDP FEC-1abel bindings";
cont ai ner opaque-val ue-el ement-1spid {
description
"Generic LSP identifier opaque el ement FEC-Iabel bindings container”;
ref erence
"RFC6388: Label Distribution Protoco
Ext ensi ons for Point-to-Miltipoint and
Mul tipoint-to-Miltipoint Label Sw tched

Pat hs. ";
list fec-label {
key
"lsp-id";

description

"Li st of FEGC-|abel bindings";
| eaf Isp-id {

type uint32;

description "LSP identifier";
}
| eaf multipoint-type {

type m dp: mul tipoint-type;

description

"The type of multipoint: p2np or np2nmp";

}

| eaf opaque-val ue-el ement-type {
type identityref {
base m dp: m dp- opaque- val ue- el ement - basi c-type; }
description "Type of Opaque val ue el enent”;

}

uses ml dp- ext - bi ndi ng-1 abel - peer-state;
} /1 fec-1abel
} // opaque-val ue-el enent-1|spid
} // bindings

contai ner static-Ilsps-Ileaf {
description
"Statically Configured multicast LSPs at |eaf node.";

cont ai ner opaque-val ue-el ement-1spid {
description
"Generic LSP identifier opaque el ement FEC-Iabel bindings container”;
ref erence
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"RFC6388: Label Distribution Protoco
Extensi ons for Point-to-Miltipoint and
Mul tipoint-to-Miltipoint Label Sw tched

Pat hs.";
list fec-label {
key
"lsp-id";

description
"Li st of FEC-|abel bindings";
| eaf Isp-id {
type uint32;
description "LSP identifier";
}
| eaf multipoint-type {
type mdp: mul tipoint-type;
description
"The type of multipoint: p2np or np2nmp";

}
} /1 fec-1abel
} // opaque-val ue-el enent-1|spid

cont ai ner opaque-val ue-el enent-transit-source {
description
"Transit | Pv6/VPNv6 Source opaque type";
reference
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul tipoint-to-Miltipoint Label Switched Paths.";
list fec-label {
key
"sour ce-address group-address rd";
description
"Li st of FEC-|abel bindings";
| eaf source-address {
type inet:ipv6-address;
description
"Source address (::0 refers to wildcard *)";
}

| eaf group-address {
type inet:ipv6-address;
description
"Group address (::0 refers to wildcard *)";

}
leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher”;
ref erence

Raza, et al. Expires 23 April 2026 [ Page 55]



Internet-Draft YANG WMbdel for MPLS nliDP Cct ober 2025

"RFC7246: Ml tipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routi ng and Forwardi ng (VRF) Table
Context.";

}
} /1 fec-1abel
} /] opaque-val ue-el enent-transit-source

cont ai ner opaque-val ue-el ement-transit-bidir {
description
"Transit | Pv6/VPNv6 Bidir opaque type";
reference
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul ti point-to-Miltipoint Label Sw tched
Pat hs.";
list fec-label {
key
"maskl en rp group-address rd";
description
"Li st of FEC-|abel bindings.";
| eaf masklen {
type uint8;
description "Mask length for the subnet”;

}
leaf rp {
type inet:ipv6-address;
description
"Rendezvous Point (RP) address";
}

| eaf group-address {
type inet:ipv6-address;
description
"Group address";
}

leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher”;
ref erence
"RFC7246: Multipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routi ng and Forwardi ng (VRF) Tabl e
Context.";

}
} /1 fec-1 abel

} /1 opaque-val ue-el enent-transit-bidir
} /] static-Isps-Ieaf
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Y} /1 list root
} /] roots

} /] ipve
/*
* d obal augmentation
*/
/*
* Notifications
*/

augrment "/ m dp: nmpl s-m dp- f ec- event/ m dp: opaque-val ue- el enent/"

+ "m dp: opaque- val ue-el enent - | spi d/ m dp: opaque-val ue- el enent -1 spi d" {
description

"Augnentation for nLDP notification for opaque-val ue-el enent-Ilspid.";
contai ner recursive-fec {

description

"Cont ai ner of recursive opaque val ues";

uses recursive-fec-base-attributes;

} /] recursive-fec

}

augnment "/ m dp: npl s-m dp-fec-event/ nl dp: opaque- val ue-el enent” {
description
"Augnentation for nLDP notification for opaque types other than Ispid.";
case opaque-val ue-el ement-transit-source {
cont ai ner opaque-val ue-el ement-transit-source {
description
"Transit | P/VPN Source opaque type";
ref erence
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul tipoint-to-Miltipoint Label Switched Paths.";
| eaf root-address {
type inet:ip-address;
description
"Root address"”;
}

| eaf source-address {
type inet:ip-address;
description
" Source address";
}

| eaf group-address {
type inet:ip-address;
description
"Group address";
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leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher”;
ref erence
"RFC7246: Ml tipoint Label Distribution
Protocol In-Band Signaling in a Virtua
Routi ng and Forwardi ng (VRF) Tabl e
Context.";
}
uses recursive-fec-attributes;
} /] opaque-val ue-el enent-transit-source container
} /1 opaque-val ue-el enent-transit-source case

case opaque-val ue-el enment-transit-bidir {
cont ai ner opaque-val ue-el enent-transit-bidir {
description
"Transit | P/VPN Bidir opaque type";
reference
"RFC6826: Multipoint LDP In-Band Signaling for
Poi nt-to-Mil ti point and
Mul tipoint-to-Miltipoint Label Swtched
Pat hs.";
| eaf root-address {
type inet:ip-address;
description
"Root address”;
}

| eaf maskl en {
type uint8;
description "Mask length for the subnet”;

}
leaf rp {
type inet:ip-address;
description
"Rendezvous Point (RP) address";
}

| eaf group-address {
type inet:ip-address;
description
"Group address";
}

leaf rd {
type rt-types:route-distinguisher;
description
"Rout e Distinguisher”;
reference
"RFC7246: Ml tipoint Label Distribution
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10.

10.

Protocol In-Band Signaling in a Virtua
Routi ng and Forwardi ng (VRF) Tabl e
Context.";
}
uses recursive-fec-attributes;
} /'] opaque-val ue-el enent-transit-bidir container
} /] opaque-val ue-elenent-transit-bidir case
} /] augnent
} // nodul e
<CODE ENDS>

Figure 11: nLDP extended nodul e
Security Considerations

This specification also inherits the security considerations captured
in [ RFC5920] and nlDP protocol specification docunents, nanely base
m_.DP [ RFC6388], targeted nlDP [ RFC7060], nlLDP Recursive FEC

[ RFC6512], Multicast-only FRR [ RFC7431], niDP Node Protection

[ RFC7715], mLDP In-band Signaling [ RFC6826] [ RFC7246] [RFC7438], and
Hub- and- Spoke Mul ti point LSPs [ RFC7140].

1. YANG Data Mde

The YANG nodul es specified in this docunment define a schenma for data
that is designed to be accessed via network managenent protocols such
as NETCONF [ RFC6241] or RESTCONF [ RFC8040]. The | owest NETCONF | ayer
is the secure transport |layer, and the mandatory-to-inplement secure
transport is Secure Shell (SSH) [ RFC6242]. The | owest RESTCONF | ayer
is HTTPS, and the mandatory-to-inpl enent secure transport is TLS

[ RFC8446] .

The Network Configuration Access Control Mdel (NACM [RFC8341]
provides the nmeans to restrict access for NETCONF or RESTCONF users
to a preconfigured subset of all availabl e NETCONF or RESTCONF
protocol operations and content.

The foll owing sub sections capture the security considerations with
respect to nLDP data nodes defined in nLDP YANG nodul es. This goes
wi t hout saying that LDP data nodes security considerations, as
captured in in LDP YANG specification [ RFC9070], apply orthogonally
to nLDP as wel .

Raza, et al. Expires 23 April 2026 [ Page 59]



Internet-Draft YANG WMbdel for MPLS nliDP Cct ober 2025

10.

10.

10.

1.1. Witabl e Nodes

There are several data nodes defined in this YANG nodul e that are
witable/creatabl e/deletable (i.e., config true, which is the
default). These data nodes nmay be considered sensitive or vul nerable
in some network environnents. Wite operations (e.g., edit-config)
to these data nodes w thout proper protection can have a negative

ef fect on network operations.

For nmLDP, the ability to nodify MPLS nlLDP configuration nmay allow the
entire MPLS nLDP donmain to be conpronised including form ng LDP

adj acenci es and/ or peer sessions with unauthorized routers to nmount a
massi ve Deni al - of - Servi ce (DoS) attack

In particular, the subtrees and data nodes that are sensitive and
vul nerabl e are sanme as captured in [RFC9070] section 10.1.1

1.2. Readabl e Nodes

Sone of the readable data nodes in this YANG nodul e may be consi dered
sensitive or vulnerable in some network environments. It is thus
inmportant to control read access (e.g., via get, get-config, or
notification) to these data nodes. The following text lists the
subtrees and data nodes along with their sensitivity/vulnerability:

The exposure of nmlLDP dat abases (such as nliDP peers, mLDP Roots, nlDP
FEC- Label bindings) as well LDP databases (such as hell o adjacenci es,
TCP sessions, and address bindi ngs) beyond the scope of the nlLDP
adm n dormai n may be undesirable. The relevant subtrees and data
nodes for LDP are captured in [ RFC9070] section 10.1.2, whereas the
rel evant subtrees and data nodes for nLDP are as foll ows:

* [mpls-1dp/global/mdp/address-fanm|ies/ipv4d/roots

* /[ npls-1dp/global/mdp/address-fanilies/ipv6/roots

* [mpls-1dp/global/mdp/address-fanilies/ipv4/roots/root/bindings

* [mpls-1dp/global/mdp/address-fani|lies/ipv6/roots/root/bindings

* |/ npl s-1dp/ peers/ peer/recei ved-peer-state/capability/mdp

1.3. Notifications

The nlLDP i npl enentations nust rate-limt the generation of nLDP

notifications to avoid creating significant notification |oad and
possi bl e side effects on the systemstability.
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11.

12.

12.

I ANA Consi derations
Thi s docunent requests the registration of the following URIs in the
| ETF "XM registry" [RFC3688]:
| URI | Regi strant | XM |
|urn:ietf:params:xm :ns:yang:ietf-npls-mdp | The 1ESG | N A
o TS +---+
|urn:ietf:parans: xm :ns:yang:ietf-npls-m dp-extended| The | ESG | N A
o m m e e e e e e e e e e e e e e e e e e e e e eee e S +---+

Table 2: URI's

Thi s docunent requests the registration of the foll ow ng YANG nodul es
in the "YANG Modul e Nanes" registry [ RFC6020]:
| Narme | Namespace | Prefix| Reference |
[ e ———— L —————————————————_—_———_————————————_ L p——p—_—— _p—p—p—p—(——(————r
| ietf- | urn:ietf:params:xm:ns:yang:ietf- |mdp | This |
| npls- | npls-mdp | | document |
| mdp | I I I
T o m m e e e e e e e e e e e eo oo s S R +
| ietf- | urn:ietf:parans:xm :ns:yang:ietf- |mdp- | This |
| npls- | npls-m dp-ext ended | ext | document |
| m dp- I I I I
| extended | | | |
Fom e e o - S Fomm o - Fom e oo +

Tabl e 3: YANG Modul es

-- RFC Editor: Replace "This docunment” with the docunent RFC nunber
at tinme of publication and renove this note.
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Appendi x A. Data Tree Exanple

This section contains an exanple of an instance data tree in the JSON
encodi ng [ RFC7951], containing both configuration and state data.
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| 00: 2001: db8:0:200::1 (Root Address)

N +
| | Router| |
eth2l +---+ R2 +---+ eth23
| | (Root)| |
Fomem- - + | 100: 2001:db8:0:300::1
| - + | - +
| | Router] | | | Router| |

ethl0 +--+ Rl +---+ ethl?2 eth32 +---+ R3 +--+ et h30
|| [ | ||

I I I
| 00: 2001: db8:0:200::1 (Root Address)

The configuration instance data tree for Router R3 in the above
figure could be as foll ows:

"ietf-interfaces:interfaces": {
"interface": |

{
"name": "l o00",
"description": "R3 | oopback interface.",
"type": "iana-if-type: softwarelLoopback",
"ietf-ip:ripve": {
"address": |
{
"ip": "2001:db8:0:300::1",
"prefix-length": 64
}
]
}
H
{
"name": "eth30",
"description": "An interface connected to client routers.",
"type": "iana-if-type:ethernet Csmacd",
"ietf-ip:ipve": {
"forwardi ng": true
}
H
{
"nanme": "eth32",
"description": "An interface connected to root (R2).",
"type": "iana-if-type:ethernetCsmacd",

"ietf-ip:ipve": {
"forwardi ng": true

}
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}
]
3,

"ietf-routing:routing": {

"router-id": "203.0.113. 3",
"control - pl ane-protocol s": {
"ietf-npls-1dp:mpls-1dp": {

"gl obal ": {
"address-fam lies": {
"ietf-npls-1dp-extended:ipv6e": {
"enabl e": true

}

1apabi|ity": {
"ietf-npls-mdp:mdp": {
" ﬁper'p" . {
"enabl e": true

}

}
}
}
"ietf-npls-mdp:mdp": {
"enabl e": true,
"address-fam lies": {
"ietf-npls-mdp-extended:ipv6": {
"roots": {
"root": [ { "root-address": "2001:db8:0:200::1" } ]
"static-lsps-leaf": {
"opaque-el enent -1 spid": {
"fec-label": |
"l sp-id": 201
"mul tipoint-type": "np2mp"
}
]
}
}
}
}
}
}
}
},

"di scovery": {
"interfaces": {
"interface": [
{
“nane": "eth30",
"address-famlies": {
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"ietf-npls-1dp-extended:ipve": {
"enabl e": true

}
}
H
{
"nanme": "eth32",
"address-fam lies": {
"ietf-npls-1dp-extended:ipve": {
"enabl e": true
}
}
}
]
}
}
}
}
}
}
The correspondi ng operational state data for Router R3 could be as
fol |l ows:
{

"ietf-interfaces:interfaces": {
"interface": [

{

"name": "l o00",
"description": "R3 | oopback interface.",
"type": "iana-if-type: softwarelLoopback",
"phys-address": "00:00: 5e: 00: 53: 03",
"oper-status": "up",
"statistics": {

"discontinuity-tine": "2018-10-15T12: 34: 56- 05: 00"
1
"ietf-ip:ripve": {

"mu": 1500,

"address": [

{

"ip": "2001:db8:0:300::1",
"prefix-length": 64,
"origin": "static",
"status": "preferred"

H

{
"ip": "fe80::200:5eff:fe00: 5303",

"prefix-length": 64,
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"origin": "link-layer",
"status": "preferred"
}
1,
"nei ghbor": [
]
}
b
{
"name": "eth30",
"description": "An interface connected to client routers.",
"type": "iana-if-type:ethernetCsnmacd",
"phys-address”: "00:00: 5e: 00: 53: 30",
"oper-status": "up",
"statistics": {
"discontinuity-tinme": "2018-10-15T12: 34: 56-05: 00"
}
"ietf-ip:ipve": {
"forwardi ng": true,
"mu": 1500,
"address": [
{
"ip": "fe80::200: 5ef f:fe00: 5330",
"prefix-length": 64,
"origin": "link-layer",
"status": "preferred"
}
1,
"nei ghbor": [
]
}
b
{
"name": "eth32",
"description": "An interface connected to root (R2).",
"type": "iana-if-type:ethernetCsmacd",
"phys-address": "00:00: 5e: 00: 53: 32",
"oper-status": "up",
"statistics": {
"discontinuity-tinme": "2018-10-15T12: 34: 56-05: 00"
}

"ietf-ip:ipve": {
"forwardi ng": true,

"mtu": 1500,
"address": [
{

"ip": "fe80::200:5eff: fe00: 5332",
"prefix-length": 64,
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"origin": "link-layer",
"status": "preferred"
}
1.
“nei ghbor": [
"ip": "fe80::200: 5ef f:fe00: 5323",
"link-1ayer-address”: "00:00: 5e: 00: 53: 23",
"origin": "dynamc",
"is-router": [null],
"state": "reachabl e”
}
]

}

"ietf-routing:routing":
"router-id": "203.0.113. 3",
"interfaces": {

"interface": [
"1 00",
"et h30",
"et h32"
]
},
"control - pl ane-protocol s": {
"ietf-npls-ldp:mpls-Idp": {
"gl obal ": {
"address-fam lies": {
"ietf-npls-1dp-extended:ipve": {
"enabl e": true
}
1
"capability": {
"ietf-npls-mdp:mdp": {
"np2np": {
"enabl e": true
}

}
}
"ietf-npls-mdp:mdp": {
"enabl e": true,
"address-fam lies": {
"ietf-npls-mdp-extended:ipv6e": {
"roots": {
"root": [

{
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"root-address": "2001: db8:0:200::1",
"is-self": false,

"reachability": [
"address": "fe80::200: 5eff: fe00:5323",
"interface": "eth32",
"peer": "203.0.113.2"
}
I,
"bi ndi ngs": {
"opaque-el enent-1spid": {
"fec-label": [
{
"l sp-id": 201
"mul tipoint-type": "np2mp",
"peer": |
"direction": "upstreant,
"peer": "203.0.113.2",
"advertisement-type": "advertised",
"l abel ": 3201
¥
{
"direction": "upstreant,
"peer": "203.0.113.2",
"advertisement-type": "received",
"l abel ": 2301
}
]
}
]
}
3

"static-lsps-leaf": {
"opaque-el ement -1 spi d": {
"fec-label": [
{
"lIsp-id": 201
"mul tipoint-type": "nmp2mp"
}
]
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}
}

i scovery": {
"interfaces": {
"interface": |

}

{
"nanme": "eth30",
"address-fam lies": {
"ietf-npls-1dp-extended:ipv6e": {
"enabl e": true,
"hel | o-adj acenci es": {
"hel | 0-adj acency": [
]
}
}
}
H
{
"nanme": "eth32",
"address-fam lies": {
"ietf-npls-1dp-extended:ipv6e": {
"enabl e": true,
"hel | o-adj acenci es": {
"hel | 0-adj acency": [
{
"adj acent - addr ess":
"fe80::200: 5ef f: fe00: 5323",
"flag": ["adjacency-flag-active"],
"hel l o-hol dtine": {
"adj acent": 15,
"negotiated": 15,
"remaining": 9
1
"next-hello": 3,
"statistics": {
"discontinuity-tinme":
"2018- 10- 15T12: 34: 56- 05: 00"
},
"peer": {
"l'sr-id": "203.0.113. 2",
"| abel - space-id": 0O
}
}
]
}
}
}
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}
]

}
},
"peers": {
"peer": |
{
"l'sr-id": "203.0.113.2",
"| abel - space-id": O,
"| abel - adverti senent - node": {
"l ocal ": "downstreamunsolicited",
"peer": "downstream unsolicited",
"negoti ated": "downstream unsolicited"

}

ext - keep-alive": 5,
"session-hol dtime": {
"peer": 180,
"negotiated": 180,
"remai ning": 78

}

ession-state": "operational",
"t cp-connection”":
"l ocal - address": "fe80::200: 5eff:fe00: 5332",
"l ocal -port": 646,
"renot e- address": "fe80::200: 5eff: fe00: 5323",
"renmpote-port": 646
},
"up-tinme": "P2H33MBS',
"statistics": {
"discontinuity-time": "2018-10-15T12: 34: 56- 05: 00"
},
"received-peer-state": {
"capability": {
"ietf-npls-mdp:mdp": {
"np2mp”: {
"enabl e": true
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