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Abst ract
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is a Traffic Engineering (TE) construct that facilitates wei ghted

| oad bal ancing of unicast traffic across a constrai ned set of paths
optinized for a specific objective.

Thi s docunment describes the provisioning of an MPTED Tunnel in a TE
net wor k usi ng RSVP-TE.
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1. Introduction

The notions of Multipath Traffic Engi neering (MPTE) and of an MPTE
Directed Acyclic Graph (MPTED) tunnel are introduced in
[1-D.draft-kompell a-teas-nmpte]. An MPTED tunnel is a Traffic

Engi neering (TE) construct that contains a constrained set of paths
representing an optim zed Directed Acyclic G aph (DAG from one or
nore ingresses to one or nore egresses. The paths that nake up an
MPTED tunnel traverse a set of junction nodes, and the state
associated with the MPTED at each junction node constitutes a set of
previ ous- hops and a set of next-hops over which traffic is | oad

bal anced in a weighted fashion. Provisioning an MPTED tunnel in a TE
networ k using a signaling protocol involves provisioning control and
forwardi ng plane state at each junction node.

As a signaling protocol, RSVP-TE is w dely depl oyed for provisioning
poi nt-to-point (P2P) TE tunnels [RFC3209] and point-to-multipoint
(P2MP) TE tunnels [RFC4875]. This docunment di scusses the extensions
to RSVP-TE for use as a signaling protocol to provision MPTED
tunnels. MPTED tunnels provisioned using RSVP-TE are referred to as
RSVP MPTED Tunnel s.

As discussed in [|I-D.draft-konpella-teas-npte], an MPTED tunnel may
be realized over a Miultiprotocol Label Switching (MPLS) forwarding

pl ane or a native Internet Protocol (I1P) v4/v6 forwarding plane using
an appropriate tunnel type. Depending on the deploynent needs, a
centralized or a distributed approach MAY be adopted for provisioning
an MPTED tunnel. The focus of this version of the docunent is on

Konpel |l a, et al. Expi res 3 Septenber 2026 [ Page 3]



Internet-Draft RSVP- TE for MPTE March 2026

di scussi ng how the RSVP-TE protocol is extended to facilitate
di stributed provisioning of MPTED Tunnels over an MPLS forwardi ng
pl ane in an intra-domain TE networKk.

1.1. Requirenents Language

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in

BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here. These words nmay al so appear in this
docunent in | ower case as plain English words, absent their normative
meani ngs.

1.2. Definition of Ternms Used in this Document

The reader is expected to be famliar with
[1-D.draft-kompell a-teas-nmpte] where nmost of the terns used in this
docunent are defined

1.2.1. Terms Used Specifically in This Docunent

P2P. point-to-point; (for a tunnel) unicast tunnel with a single
ingress and a single egress, typically along a single path

1.3. Conparison with RSVP Miultipath Traffic Engi neered Contai ner
Tunnel s

There is a pre-existing (and depl oyed) attenpt to conbi ne TE and
mul ti path using what we can call an "RSVP Miultipath Traffic

Engi neered Contai ner (MPTEC) tunnel”. An MPTEC contains multiple
dynanically created and individually signaled single-path RSVP P2P
tunnel s. These nenber tunnels are dynamically added and renmpoved from
the container tunnel at the ingress depending on the anmount of
traffic steered onto it. Though the container tunnel offers a viable
option for facilitating the | oad bal ancing of unicast traffic across
a constrained set of paths individually optinized for a specific

obj ective, the requirenent to individually signal and maintain memnber
LSP state can be a deterrent in specific scal ed depl oynents.

A key differentiator for an MPTED tunnel over an MPTEC tunnel is that
with the former, traffic is |oad-bal anced across the next hops at
each junction node in the DAG (in a weighted fashion), whereas with
the latter, traffic is |oad-bal anced only at the ingress node (and
typically equally balanced anong the next hops). Another
differentiator is that the amount of signaling needed to set up the
tunnel is significantly less for the MPTED tunnel conpared to the
MPTEC tunnel. Finally, a MPTEC tunnel has exactly one ingress and
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one egress, whereas an MPTED tunnel can have nore than one ingress
and/ or egress with relatively little extra state; this feature is
expected to be popular in BG and multi-homed VPN depl oynents.

Consider the reference DAGillustrated in Figure 1. An MPTEC tunnel
woul d need 30 menmber tunnels to be individually set up to cover all
the paths in this DAG whereas an MPTED woul d have a single tunnel.
Focusing on a single node, with MPTEC, R4 woul d have 30 PSBs and 30
RSBs, whereas with MPTED, R4 woul d have a single JSB with 2 previous-
hops and 3 next-hops. (The terns PSB, RSB and JSB wi |l be expl ai ned
in alater section.)

+-- -+
--| R9|--
+---+ +---+ [ H+---+ \
| R?|  ----- | R5|----- / \
+---+ / +---+ \ / +---+ \
/ \ / \ | ----]R1O|---- \
/ \ \ +o- - Vo
/ \/ \/ VA
+---+ +---+ +---+ +---+ +---+ +---+
| Ri | R4l------ | R6|------ | R8|------ | RLL|------ | R14|
+-- -+ +-- -+ +-- -+ +-- -+ +-- -+ +-- -+
\ /\ I\ I
\ [\ [\ +-- -+ I
\ / \ / \ ----|R12|----/
+-- -+ \ +-- -+ / \ +-- -+ /
| R3]  ----- | R7|----- \ /
+-- -+ +-- -+ \' -+ ]
--| R13| - -
+-- -+

Figure 1: Reference DAG
2. MPTED Tunnels: Overview of QOperation

To instantiate an MPTE tunnel in a network via signaling, three steps
are needed:

1. Provide the configuration of the MPTED (i ngresses, egresses,
constraints, etc.) and assign ownership of the DAGto the tunnel
originator (TO.

2. Compute an MPTE DAG that satisfies the constraints. This
function is undertaken by the MPTE Conputer (M.
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3. Signal the required information to the network el enents
constituting the DAGto establish the tunnel. This task is
undert aken by the Signaling Source (SS)

These three functions nay be perforned by one or nore entities.
Typi cal scenarios incl ude:

1. An ingress node of the MPTE DAG does all three functions.

2. An ingress node of the MPTE DAG originates the tunnel, del egates
conputation of the DAGto a PCE [ RFC5440], receives the result
and signals the tunnel

3. A PCE originates the tunnel, conputes the DAG and del egates
signaling to an ingress node of the DAG

QO her conbi nations are possible. The subsections that follow
descri be each function; the next section describes signaling in
greater detail.

2.1. MPTED Tunnel Originator

The TO for an MPTED tunnel is typically an ingress of the DAG

however, any node on the DAG can be the TO In scenarios where the
MPTED tunnel has multiple ingress nodes, one of the ingress nodes may
be designated as the TO. In deploynments where a stateful Path

Conput ati on El enent (PCE) ([RFC8231], [RFC8281]) nodel is used to
initiate the setup of RSVP MPTED tunnels, the TOis the PCE

2.1.1. ldentification

The TO is responsible for the identity of an MPTED tunnel. An MPTED
tunnel is uniquely identified by the 2-tuple: <MPTED Oiginator ID
(MPTED O D), MPTED ID>. The MPTED O D is the IP (v4/v6) (| oopback?)
address of the TO An MPTED ID is an unsigned 32-bit positive

i nteger unique to each DAG in the namespace of the MPTED ori gi nator
(the value 0 is reserved).

2.2. Path Computation

An MPTED may be conputed by a path conputation engine locally on the
TO or by a PCE. In either case, the Traffic Engineering Database
(TED) used by the path conputation engine is augnented with

i nformati on indicating whether a topol ogical elenment supports MPTED
tunnel provisioning via RSVP-TE [|-D. konpel |l a-1sr-nptecap]. The path
conputation request for the MPTED carries an MPTED tunnel ID, a set
of ingress nodes, a set of egress nodes, a set of constraints, and an
optinization objective. The path conmputation result for the MPTED
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contains a set of unordered elenents called JUNCTIONs. This set is
comruni cated to the SS so that the MPTED tunnel can be signal ed.

2.2.1. JUNCTI ON

Each ingress, transit, and egress node on the DAGis a junction and
has a JUNCTI ON el enent associated with it. A JUNCTION el enent
contains the information necessary to provision a specific junction
node in the computed DAG  This version of the docunent assumes that
all junction nodes in the conputed DAG are MPTED RSVP capable. The
information carried in a JUNCTION el ement includes the bandw dth
comng in and going out of the junction, a |ist of previous-hops
(JCT-PHOPs), and a list of next-hops (JCT-NHOPS).

2.3. MPTED Signaling Source (SS)

The MPTED SS is responsible for creating, maintaining and ultinmately
destroying an MPTE tunnel. It is handed an MPTED tunnel |ID and a set
of JUNCTIONs. If signaling is successful, it communicates back to
the TOthat the tunnel is ready for traffic.

2.3.1. \Versioning

The provisioned state associated with the MPTED tunnel may change
over time, with each instance of the MPTED tunnel getting assigned an
unsi gned 32-bit version nunber (MPTED version). An MPTED tunne
instance is uniquely identified by the 3-tuple <MPTED O D, MPTED I D,
MPTED version>  The MPTED version is managed by the SS

2.3.2. Label Allocation

[1-D.draft-konpella-teas-npte] offers multiple | abel allocation
schenes for MPTED tunnels realized over an MPLS forwardi ng plane.

G ven the presence of a signaling plane, this docunent advocates the
use of the "Signal ed Label Switching (SigLab)" approach for RSVP
MPTED t unnel s.

2.3.3. JUNCTION State Bl ock (JSB)
The control -plane state provisioned on a junction node for a given
MPTED Tunnel is referred to as the JUNCTION State Block (JSB). The

states pertaining to the JCT-PHOPs and JCT-NHOPs contained in the JSB
are referred to as JSB-PHOPs and JSB- NHOPs, respectively.
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2.3.4. Tunnel Status

An MPTED tunnel is deemed "Up" if all the junction nodes are

provi sioned as requested. The tunnel is deemed "Up - Degraded" if
sonme (but not all) paths in the DAG are avail able for carrying the
end-to-end traffic. The tunnel is deened "Down" if there are no
paths in the DAG avail able for carrying the end-to-end traffic.
Based on the difference between the requested bandwi dth and the
actual reserved bandwi dth on the DAG |ocal policy on the tunne
originator will determine if the MPTED Tunnel should be deened
"Active" (available for traffic to be placed on it) or not.

2.3.5. In-Place Update vs Make-Bef ore- Break

Unl ess there is a change to the set of constraints used, or an
addition or deletion of topol ogical elenents, the shape of the
conmputed DAG wi Il remain unchanged over the life of an MPTED tunnel
If the shape of the DAG does not change, the updates to an MPTED
tunnel are localized to the bandwidth allotted to the JUNCTI ON and
the relative | oad shares on the JCT-NHOPs. In such a scenario, the
update is carried out in-place and is acconpani ed by a correspondi ng
versi on change to the inpacted hops.

Suppose the shape of the DAG changes for sone inevitable reason,
meani ng there is an addition or deletion of JUNCTIONs or an addition
or deletion of JCT-PHOPs/JCT-NHOPs. In that case, the in-place
update to the tunnel may cause tenporary traffic disruption. Hence,
there may be a need to adopt a nake-before-break approach to updating
the tunnel if the shape of the DAG changes.

3. Signaling for Juncti on Managenent
Signal ing nessages are classified into the foll ow ng categori es:
* (Signaling) Source to Junction node (S2J)
* Junction node to (Signaling) Source (J2S)
* Junction to Junction (J2J)
The underlyi ng RSVP-TE nessages used to transmit these nessages are

anal ogous to those used in [ RFC3209], but are prefixed with M to
di stingui sh them
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3.1. Source to Junction (S2J) Messages

These are messages signaled fromthe SS to a junction node on the
DAG. The junction node may be an ingress, a transit, or an egress
node on the DAG

3.1.1. JunctionCreate

An S2J JunctionCreate message is used to trigger the instantiation of
the "JUNCTION' state on a junction node. Each such nessage has a
ver sion nunber encoded within it, which identifies the instance of
the "JUNCTI ON' bei ng creat ed.

Thi s docunent | everages the use of RSVP MPTED Path (M Path) nessage
to function as an S2J JunctionCreate nessage.

3.1.2. JunctionUpdate

An S2J JunctionUpdate nmessage is used to trigger the nodification of
"JUNCTI ON' state on a junction node. The version nunber encoded
within the nessage identifies the instance of the "JUNCTI ON' being
nodi fied. The elements of the existing "JUNCTION' entry fromthe old
instance that are no |longer part of the DAG are |locally tagged as
candi dates for deletion and renmain active until explicitly instructed
to do so.

Thi s docunent | everages the use of RSVP MPTED Path (M Path) nessage
to function as an S2J JunctionUpdat e nessage.

3.1.3. JunctionbDelete
An S2J JunctionDel ete nmessage is used to trigger the deletion of the
JUNCTI ON state on a junction node. The nmessage MAY include an
instruction to initiate sending a J2J JunctionDel ete nmessage to each
associ at ed next hop.

Thi s docunent | everages the use of RSVP MPTED Pat hTear (M Pat hTear)
message to function as an S2J JunctionDel ete nmessage.

3.2. Junction to Source (J2S) Messages
These are nessages signaled froma junction node to the SS.
3.2.1. JunctionNotify
A J2S JunctionNotify nmessage is used to notify the SS of the status

of the junction. This nessage MAY be sent as a response to an S2J
message or be sent unsolicited.
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Thi s docunent | everages the use of RSVP MPTED Notify (M Notify)
message to function as a J2S JunctionNotify nessage

3.2.2. ResourceNotify
The ResourceNotify nessage is used to notify the SS of the | oss or
degradation of an associated resource (e.g., TE |link going down,

maxi mum bandwi dth on the TE |ink goi ng down).

Thi s docunent | everages the use of RSVP ResourceNotify nmessage to
function as a J2S ResourceNotify nessage.

3.3. Junction to Junction (J2J) Messages:

These are messages exchanged between inmedi ately adjacent junction
nodes.

3.3.1. Upstream (J2JU) Messages

3.3.1.1. JunctionNext HopReservati on
The J2JU Juncti onNext HopReserve nessage is sent to an i medi ate
upstreamjunction node and is used to facilitate (a) ordered
programm ng of | abeled routes at each junction node on the DAG (b)
ordered admi ssion control and bandw dth reservation on traversed TE

links, and (c) ordered addition of next hops when changi ng the shape
of the DAG

Thi s docunent | everages the use of RSVP MPTED Resv (M Resv) nessage
to function as a J2JU Juncti onNext HopReservati on nessage.

3.3.1.2. JunctionDown

The J2JU Juncti onDown nessage is used to notify an i medi ate upstream
junction node of the local junction state going "Down".

Thi s docunent | everages the use of RSVP M Notify message to function
as a J2JU Juncti onDown message.

3.3.2. Downstream (J2JD) Messages

3.3.2.1. JunctionDel ete
The J2JD JunctionDel ete nmessage is sent to a JUNCTI ON next-hop to
delete the state, with the condition that the deletion will be

propagat ed further downstream only for next-hops already narked for
del eti on.
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Thi s docunent | everages the use of RSVP M PathTear nessage to
function as a J2JD JunctionDel ete nessage.

4. RSVP Messages and Objects
4.1. MPTED Path (M Path) Message

An M Path message is an S2J nessage that is used for creating or
updating control and forwarding plane state associated with an MPTED
tunnel on a specific junction node. The M Path nmessage includes the
followi ng i nformation:

* MPTED tunnel identifier (SESSION Object)

* MPTED tunnel instance identifier (VERSION Object)
*  MPTED tunnel nanme (SESSI ON ATTRI BUTE Obj ect)

* Setup/Hold Priority (SESSION_ATTRI BUTE Obj ect)

* Label type (LABEL_REQUEST (bject)

* Junction information - identifier, bandw dth, phops, and nhops
with their relative | oad-shares (<junction-descriptor>)

When a non-egress junction node receives an M Path message for a new
JUNCTION state, it constructs a JSB with the associ ated JSB- NHOPs and
JSB- PHOPs using the informati on encoded in the nessage. |f the non-
egress junction node receives an MPath for an existing JUNCTI ON
state with a version change, it updates the correspondi ng JSB using
the informati on encoded in the nessage. The JSB update may invol ve
addi ng new JSB- NHOPs and JSB- PHOPs and mar ki ng JSB- NHOPs and JSB-
PHOPs that are no |onger part of the JUNCTION state as candi dates for
deletion. After the JSB is constructed or updated, the non-egress
junction node waits for an M Resv nessage to be received from each
avai | abl e JCT- NHOP.
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When an egress junction node receives an M Path nessage for a new
JUNCTION state, it constructs a JSB, assigns a |abel for each JCT-
PHOP, and prograns the forwardi ng plane state, thus conpleting the
JUNCTI ON provisioning at the egress. |If the egress junction node
receives an MPath nessage for an existing JUNCTION state, it updates
the correspondi ng JSB using the information encoded in the nmessage.
The JSB update may invol ve addi ng new JSB- PHOPs, and mar ki ng JSB-
PHOPs that are no |onger part of the JUNCTION state as candi dates for
deletion. After the JSB is constructed/ updated, the egress junction
node sends an MPTED Resv (M Resv) nessage to each JCT-PHOP, and an
MPTED Notify (M Notify) message directly to the tunnel signaling

sour ce.
<M Pat h Message> ::= <Common Header > [ <I| NTEGRI TY>]
[ [ <MESSAGE | D ACK> | <MESSAGE ID NACK>] ... ]
[ <MESSAGE | D> ]
<SESSI ON> [ <END_PO NTS>]
<TlI ME_VALUES> <VERSI O\>
<LABEL_REQUEST> <SESSI ON_ATTRI BUTE>
<junction-descriptor>
<junction-descriptor> ::= <JUNCTI ON> <junction-el enent s>
<junction-elements> ::= ( <JUNCTI ON_PHOPS> | <JUNCTI ON_NHOPS> |

( <JUNCTI ON_PHOPS> <JUNCTI ON_NHOPS> ))
4.2. MPTED Resv (M Resv) Message

An M Resv nessage is a J2J nessage that is used to signal the |abel
that an upstream junction node needs to program for a specific next
hop. The M Resv nessage includes the follow ng information:

* MPTED tunnel identifier (SESSION Object)
* MPTED tunnel instance identifier (VERSION Object)

* Hop specific information - Hop identifier, Label, and MU (a |ist
of JUNCTI ON_LABELED HOP nj ect s)

When a transit junction node receives an M Resv nessage from al |
avai l abl e JCT-NHOPs, it perforns adm ssion control, assigns a | abel
to each JCT-PHOP, prograns the forwardi ng pl ane state, and sends an
M Resv nessage to each JCT-PHOP and an M Notify nessage directly to
the tunnel signaling source. No nessage is sent out until M Resv
messages fromall avail abl e JCT-NHOPs have been recei ved and

pr ocessed.
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When an ingress junction node receives an M Resv nessage from all
avai l abl e JCT-NHOPs, it perforns adm ssion control, prograns the
forwardi ng plane state, and notifies the tunnel signaling source.

<M Resv Message> ::= <Common Header> [ <INTEGRI TY> ]
[ [ <MESSAGE | D ACK> | <MESSAGE |ID NACK>] ... ]
[ <MESSAGE | D> ]
<SESSI ON>

<TlI ME_VALUES> <VERSI| ON\>
<junction-| abel ed- hops-1i st >

<j unction-| abel ed- hops-list> ::= <JUNCTI ON_LABELED HOP>
[ <junction-Iabel ed-hops-list>]

4.3. MPTED Pat htear (M PathTear) Message

An M Pat hTear nmessage may be used as either an S2J nessage or a J2J
message. Wien an S2J M PathTear is used for deleting the state on a
junction node, the message includes the follow ng infornmation:

*  MPTED tunnel identifier (SESSION hject)
*  MPTED tunnel instance identifier (VERSION Object)

* (Optionally, an instruction to propagate the del eti on request
downstream ( CONDI TI ONS hj ect)

When a junction node receives an S2J M Pat hTear nessage, it del etes
the matching JSB. It sends an M Notify nmessage to the tunnel
signaling source, indicating that the junction deletion is conplete.
If the MPathTear carries an optional instruction to propagate the
del etion further downstream the junction node sends a J2J M Pat hTear
to each associ ated JCT- NHOP before del eting the JSB.

When a J2J M Pathtear is used for deleting a specific hop state on a
downstream junction node, the nessage includes the follow ng

i nformati on:

*  MPTED tunnel identifier (SESSION hject)

*  MPTED tunnel instance identifier (VERSION Object)

* Hop identifier (JUNCTION_HOP Object)
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During the make- before-break update of an MPTED tunnel, when a
junction node conpl etes updating all JCT-PHOPs matching the new
version, and determ nes that there are no JCT-PHOPs pendi ng del etion,
it checks if there are any JCT-NHOPs marked for deletion. If such
JCT- NHOPs exist, the junction node sends a J2J M Pat hTear for each of
those JCT-NHOPs with the ol d version.

When a junction node receives a J2J MPathTear, it cleans up the
correspondi ng JCT-PHOP state. |If there are no other JCT-PHOPs, then
it cleans up the JSB and propagates the J2J M PathTear to each
associated JCT-NHOP. If there are other JCT-PHOPs present, but none
of them are pending deletion, then it propagates the J2J M Pat hTear
only to those JCT-NHOPs that have al ready been marked for deletion.

<M Pat hTear Message> ::= <Conmon Header> [ <INTEGRI TY> ]
[ [ <MESSAGE_I D_ACK> | <MESSAGE_ID NACK>] ... ]
[ <MESSAGE | D> ]
<SESSI ON> <VERSI ON\>
[ <JUNCTION HOP> ] | [ <CONDI TI ONS> ]
4.4. MPTED Notify (M Notify) Message
An M Notify nessage nmay be used as either a J2S nessage or a J2J
message. A junction node sends a J2S M Notify nmessage to the tunnel
signaling source to indicate the status of the junction. A junction
node may send a J2S M Notify nmessage in response to an S2J nessage or
unsolicited. A J2S MNotify nmessage includes the foll ow ng
i nformation:
*  MPTED tunnel identifier (SESSION oject)
* MPTED tunnel instance identifier (VERSION Object)
*  MIU (JUNCTI ON_STATUS nj ect)
* Status (JUNCTI ON_STATUS bj ect)

If the Status is "Degraded", the M Notify nessage includes the
followi ng additional information:

* Reserved bandwi dth on the junction (JUNCTI ON_STATUS (bj ect)
* List of JCT-PHOPs that are "Down"

* List of JCT-NHOPs that are "Down/Degraded” and the reserved
bandwi dt h on each correspondi ng TE |i nk.
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A junction node sends a J2J MNotify nessage to the upstream junction
node to indicate that it is "Down" . A J2J MNotify nmessage includes
the follow ng information:

*  MPTED tunnel identifier (SESSION hject)

* MPTED tunnel instance identifier (VERSION Object)

* Hop ldentifier (JUNCTION_HOP_STATUS nhject)

* Status (JUNCTI ON_HOP_STATUS nj ect)

When an upstream junction node receives a J2J M Notify indicating

that the junction on the specified JCT-NHOP is "Down", it sets the
| oad-share on the JCT-NHOP to "zero" and reprograns the | abel ed

rout es.
<M Notify Message> ::= <Commpn Header > [ <| NTECRI TY>]
[ [<MESSAGE | D ACK> | <MESSAGE | D NACK>] ... ]
[ <MESSAGE_ | D> ]
<SESSI ON> <VERSI ON>
(<JUNCTI ON_HOP_STATUS> |
<junction status descriptor>)
<junction status descriptor> ::= <JUNCTI ON_STATUS>
[ <degraded junction-el ements> ]
<degraded junction-elenments> ::= ( <JUNCTI ON_PHOPS>

<JUNCTI ON_NHOPS> |
( <JUNCTI ON_PHOPS>
<JUNCTI ON_NHOPS> ))

4.5. Resource Notify (RsrcNotify) Message
A RsrcNotify is a J2S nmessage that is used to notify the tunne
signaling source of link unavailability or degradation. A RsrcNotify
nmessage i ncludes the follow ng infornation:
* A list of unavail able resources (list of RESOURCE SPEC obj ects)
* A list of degraded resources (list of DEG RESOURCE_SPEC objects).
When a TE link goes down, the junction node sends a RsrcNotify to
notify each inpacted tunnel signaling source that the specified TE
link is no | onger avail able.
VWhen t he maxi num reservabl e bandwidth of a TE link is reduced (for
exanple, a nenber link on an Aggregate Ethernet link fails), the

junction node selects a set of inpacted tunnel signaling sources and
notifies themthat the specified TE Iink has dimnmnished capacity. In
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this scenario, the information carried in the RsrcNotify nessage is
custom zed for the recipient. It includes the anbunt of per-priority
bandwi dt h usage that the tunnel signaling source would need to reduce
on that TE |ink.

<ResourceNotify Message> ::= <Commpn Header> [ <I NTEGRI TY>]
[ [<MESSAGE | D ACK> | <MESSAGE | D NACK>] ... ]
[ <MESSAGE_ | D> ]
( <unavail abl e-resources> |
<degr aded-resources> |
( <unavai |l abl e-resources>
<degr aded-resources> ))

<unavai | abl e resources> ::=
(( <RESQURCE_SPEC> <unavail abl e resources> ) |
<RESOURCE_SPEC> )

<degraded resources> ::=
(( <DEG_RESOURCE_SPEC> <degraded resources> ) |
<DEG_RESOURCE_SPEC> )

4.6. Objects

4.6.1. SESSI ON Obj ect

4.6.1.1. MPTED | Pv4 Session

Class = SESSI ON, MPTED_|I Pv4 C-Type = TBD

0 1 2 3
01234567890123456789012345678901
R et e s i o e s i i
| MPTED | D |
B i s T T i i o S o T Ji I
| MPTED Originator ID |
i i i T i I S i e s o o i i

* MPTED | Dt

- A 32 bit identifier that remai ns constant over the |ife of the
MPTED t unnel .

* MPTED Originator ID:

- | Pv4 address of the originator of the MPTED tunnel.
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4.6.1.2. WMPTED I Pv6 Session
Class = SESSI O\, MPTED | Pv6 C Type = TBD
0 1 2 3
01234567890123456789012345678901
e T S S S e i i S DU S S S S R S T S S
| MPTED | D |

B i s T T i i o S o T Ji I
MPTED Originator ID (16 bytes)

I I
I I
l\ |
I T S S S e S S S S S Sup S Sup S S S

* MPTED | Dt

- A 32 bit identifier that remains constant over the life of the
MPTED t unnel .

* MPTED Originator |D:
- | Pv6e address of the originator of the MPTED tunnel.
4.6.2. END PO NTS Obj ect
Class = END PO NTS (TBD), C Type = TBD
0 1 2 3

01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

I I
/1 (TLVs) /1

| |
B T S i T s i i e e SEI S
*  TLVs
- The contents of an END PO NTS object are a series of TLVs.
If an M Path nessage contains multiple END PO NTS objects, only the
first object is neaningful. Subsequent END PO NTS objects MAY be
i gnored and SHOULD NOT be propagat ed.

4.6.2.1. |1Pv4_Endpoints TLV
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h | FI ags |
R e s T o T S R El ok i R e e S S e o o s
| End- poi nt Address |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

!I-—+—+—+—+—+—+—+—+—+—+—+—+—+.—:I-.—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—!I-
*  Type:

- 0x01 Series of |Pv4 Endpoints.
*  Lengt h:

- Total length of the TLV. It varies based on the nunber of
addr esses encoded.

* Fl ags:

- 0Ox01 Ingress (1): Presence of this flag denotes all specified
addresses in the TLV as ingresses and its absence denotes al
addresses in the TLV as egresses.

*  End-poi nt Address
- |lpv4a address of the endpoint.
4.6.2.2. |1Pv6_Endpoints TLV

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Length | Fl ags |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| End- poi nt Address (16 bytes) |
I I
B i s T T i i o S o T Ji I
I
+-

e e T S e e i e i R s SN SR N
*  Type:
- 0x02 Series of |Pv6 Endpoints.

* Length:
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- Total length of the TLV. It varies based on the number of
addr esses encoded.

*  Fl ags:

- 0x01 Ingress (I): Presence of this flag denotes all specified
addresses in the TLV as ingresses and its absence denotes all
addresses in the TLV as egresses.

*  End- poi nt Address
- |lpv6e address of the endpoint.
4.6.3. VERSI ON nj ect
Class = VERSIQN, Version_SS v4 C Type = TBD
* Version ID:

- Instance identifier of the MPTED tunnel.

0 1 2 3

01234567890123456789012345678901

i I s I i i S SR S S S

| Version I D |

B i aT T e e o S o S S S I T et sl o ST S S S S S S

| Signaling Source ID |

B T S i T s i i e e SEI S

* Version ID:
- Instance identifier of the MPTED tunnel.
* Signaling Source ID:
- | Pv4 address of the MPTED tunnel signaling source.

This CType is used if the MPTED tunnel originator is different from
the signaling source.

Class = VERSIQN, Version_SS v6 C Type = TBD
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0 1 2 3

01234567890123456789012345678901

B i s T T i i o S o T Ji I

| Version ID |

i i i T i I S i e s o o i i
Signaling Source ID (16 bytes)

| |
| |
L |
+- +

B i T i T S i s S S N e s o T S
* Version |ID
- Instance identifier of the MPTED tunnel.
* Signaling Source |ID:
- | Pvbe address of the MPTED tunnel signaling source.

This CType is used if the MPTED tunnel originator is different from
the signaling source.

4.6.4. JUNCTI ON Onj ect
4.6.4.1. JUNCTI ON_I Pv4
Class = JUNCTION, JUNCTION_I Pv4 C Type = TBD
0 1 2 3
01234567890123456789012345678901
i R L s e T e R h th s i S SR N S
| Junction ID |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Bandwi dth (32-bit | EEE fl oating point numnber) |
B T S i T s i i e e SEI S
* Junction ID
- | Pv4 address of the junction node.

*  Bandw dt h:

- Bandwidth coming into the junction node (encoded as a 32-bit
| EEE fl oating point nunber). The units are bytes per second.

4.6.4.2. JUNCTI ON_I Pv6

Class = JUNCTION, JUNCTION | Pv6 C Type = TBD
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Junction ID (16 bytes) |
I - I

i e R i e i i i e i i St S N e S
| Ver si on |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Bandwi dth (32-bit | EEE fl oating point numnber) |
B T S i T s i i e e SEI S
* Junction ID
- | Pve address of the junction node.
*  Bandwi dt h:

- Bandwidth coming into the junction node (encoded as a 32-bit
| EEE fl oating point nunber). The units are bytes per second.

4.6.5. JUNCTI ON_PHOPS hj ect
Class = JUNCTI ON_PHOPS (TBD), C Type = TBD
0 1 2 3

01234567890123456789012345678901
i S S T i S S e e i S S S S

I I
/1 (TLVs) /1

I I

R et e s i o e s i i
*  TLVs:

- The contents of a JUNCTI ON_PHOPS object are a series of TLVs.

4.6.5.1. JUNCTI ON_PHOP_I Pv4 TLV
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h | Rsvd |
e L o i e R R it S S SN S
| | Pv4 Peer Address |
i e e R e o o e i ol S N B S
| Peer Interface |Index |
B i s T T i i o S o T Ji I
| Hop Version |
e L i i T e S l t o i R S

I+-+-+-+-+-+-+-+-+-+-+-+-+-+'-'+'-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-|+
*  Type:

- 0x01 Series of |Pv4d PHOPs.
* Length:

- Total length of the TLV. It varies based on the nunber of |Pv4
PHOPs encoded.

* | Pv4 Peer Address:

- | Pv4 address of the previous hop (renote end of the TE link).
* Peer Interface |ndex:

- Index of the peer interface (renote end of the TE link).
* Hop Version

- Version of the hop

4.6.5.2. JUNCTI ON_PHOP_| Pv4_Label TLV
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h | Rsvd |
e L o i e R R it S S SN S
| | Pv4 Peer Address |
i e e R e o o e i ol S N B S
| Peer Interface |Index |
B i s T T i i o S o T Ji I
| Hop Version |
e L i i T e S l t o i R S
| Label |
i e e R e o o e i ol S N B S

!l-—+—+—+—+—+—+—+—+—+—+—+—+—+.—:l-.—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—!|-
*  Type:

- 0x02 Series of IPv4 PHOPs with respective assigned | abels.
*  Lengt h:

- Total length of the TLV. It varies based on the nunber of
entities encoded.

* | Pv4 Peer Address:
- | Pv4 address of the previous hop (renote end of the TE link).
* Peer Interface |Index:
- Index of the peer interface (renote end of the TE |ink).
* Hop Version
- Version of the hop.
*  Label:
- Assigned | abel for the PHOP.

4.6.5.3. JUNCTI ON_PHOP_| Pv6 TLV
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0 1 2 3
01234567890123456789012345678901
i T o T i e S S S i S e S
Type | Lengt h | Rsvd |
e b T S i i S S S S e e s S i T T i S S
| Pv6 Peer Address (16 bytes) |
I

+-
+-

B T I e R i i i T S S e e I e ik oI I S S e S S
| Peer Interface Index |
el i I e i it T e e e e i i T o S e e S e T R R
| Hop Version |
R o o e e el i S S S S i S i ol S S e e e s
+-

i T ST I S S S S +.- +- i (T ST I S S I S S +-|+
*  Type:
- 0x03 Series of |Pv6 PHOPs.
*  Lengt h:

- Total length of the TLV. It varies based on the nunber of |Pv6
PHOPs encoded.

* | Pv6 Peer Address:

- | Pvbe address of the previous hop (renote end of the TE |ink).
* Peer Interface |ndex:

- Index of the peer interface (renote end of the TE link).
* Hop Version

- Version of the hop.

4.6.5.4. JUNCTI ON_PHOP_I Pv6_Label TLV
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4. 6.

6.

0 1 2 3
01234567890123456789012345678901
i T o T i e S S S i S e S
Type | Lengt h | Rsvd |
e b T S i i S S S S e e s S i T T i S S
| Pv6 Peer Address (16 bytes) |
I

+-
+-

B T I e R i i i T S S e e I e ik oI I S S e S S
| Peer Interface Index |
el i I e i it T e e e e i i T o S e e S e T R R
| Hop Version |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Label |
B T I e R i i i T S S e e I e ik oI I S S e S S
+-

B Tn T S S S S S . +.- +- B e T S o e T
Type:
- 0x04 Series of I1Pv6 PHOPs with respective assigned | abels.
Lengt h:

- Total length of the TLV. It varies based on the nunber of
entities encoded.

| Pv6 Peer Address:

- | Pv6 address of the previous hop (renote end of the TE link).
Peer Interface |ndex:

- Index of the peer interface (renote end of the TE |ink).

Hop Versi on:

- Version of the hop.

Label

- Assigned | abel for the PHOP

JUNCTI ON_NHOPS (bj ect
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4.

6.

d ass = JUNCTI ON_NHOPS (TBD), C Type = TBD
1

6.

0 2 3
01234567890123456789012345678901
e i S T S S T T S i S S S S

I I
/1 (TLVs) /1

s i S e i i T s S S T ol ST S e e
TLVs:

- The contents of a JUNCTI ON NHOPS object are a series of TLVs.
1. JUNCTI ON_NHOP_I Pv4 TLV

0 1 2 3

01234567890123456789012345678901
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Type | Length | Fl ags |
i T s i o S i i S R I S I S S S M
| | pv4 Peer Address |
B T S i T s i i e e SEI S
| Peer Interface |ndex |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Hop Version |
i T s i o S i i S R I S I S S S M
| Bandwi dt h |
B T S i T s i i e e SEI S

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et
Type:

- 0x01 Series of |Pv4 NHOPs

Lengt h:

- Total length of the TLV. It varies based on the nunber of |Pv4
NHOPs encoded.

Fl ags:

- 0x01 Backup (B): Presence of this flag denotes the specified
next - hop as a backup next - hop.

| Pv4 Peer Address:

- | Pv4 address of the previous hop (renote end of the TE |ink).
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4. 6.

6.

Peer Interface |ndex:

- Index of the peer interface (renote end of the TE |ink).
Hop Versi on:

- Version of the hop.

Bandwi dt h:

- Relative share of the Junction bandwi dth.

2. JUNCTI ON_NHOP_| Pv4_STATUS TLV

0 1 2 3

01234567890123456789012345678901
i s T S i i T S A b e ok
| Type | Length | Fl ags |
i e e T i T e e i i Sh TR NN R SR A
| | pv4 Peer Address |
B i s T T i i o S o T Ji I
| Peer Interface |ndex |
e L o i e S  th o i R S
| Hop Version |
i e e R e o o R S h i i o S N S S
| Reserved | MruU |
B i s T T i i o S o T Ji I
| Reserved Bandwi dth (32-bit |EEE floating point nunber) |
e L i i T e s i s i R SR S

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Type:

- 0x02 Series of |Pv4 NHOP Statuses.

Lengt h:

- Total length of the TLV. It varies based on the nunber of |Pv4
NHOP st at uses encoded.

Fl ags:

- 0x01 Backup (B): Presence of this flag denotes the specified
next - hop as a backup next - hop.

| Pv4 Peer Address:
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4.

6.

6.

- | Pv4 address of the previous hop (renote end of the TE link).
Peer Interface |ndex:

- Index of the peer interface (renote end of the TE |ink).

Hop Versi on:

- Version of the hop

MIu:

- MrU val ue received fromthe next-hop

Reserved Bandw dt h:

- Bandwidth reserved on the TE |link associated with the next-hop
(encoded as a 32-bit IEEE floating point nunber). The units
are bytes per second.

3. JUNCTI ON_NHCP_I Pv6 TLV

0 1 2 3
01234567890123456789012345678901
I i S s i S S Tl ik SN S S S S
Type | Lengt h | Fl ags |
i T o T i e S S S i S e S
| pv6 Peer Address (16 bytes) |
I

+-

+-

R i T I e T S S e S TR S T e i I S e S e e e e o o
| Peer Interface |Index |
i T s i o S i i S R I S I S S S M
| Hop Version |
B T S i T s i i e e SEI S
| Bandwi dt h |
R i T I e T S S e S TR S T e i I S e S e e e e o o
+-

i T ST I S S S S +.- +- I ih T S (T S S IS S S S S S
Type:
- 0x03 Series of |Pve NHOPs
Lengt h:

- Total length of the TLV. It varies based on the nunber of |Pv6
NHOPs encoded.
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4.

Konpel |l a, et al.

6.

6.

Fl ags:

0x01 Backup (B): Presence of this flag denotes the specified
next - hop as a backup next - hop.

Pv6 Peer Address:

| Pv6 address of the previous hop (renote end of the TE |ink).

Peer Interface |ndex:

I ndex of the peer interface (renote end of the TE |ink).

Hop Versi on:

Versi on of the hop.

Bandwi dt h:

4.

Rel ati ve share of the Junction bandw dt h.
JUNCTI ON_NHOP_I Pv6_STATUS TLV

0 1 2 3
012345678901234567890123456789¢01

T T T o T i S S i oI S SEp S S S

Type | Length | Fl ags |

i S S T i S S e e e i S S S S

I
+-
I
+-
I
+-
| Reserved | MIruU |
+-
I
+-
I
+-

| pv6 Peer Address (16 bytes |
I

T o e i e S e e R b ok ok b NI T R
Peer Interface |Index |

i T o T i e S S S i S e S
Hop Version |

i i T S e s o i S

T o e i e S e e b Tk ok T NI S S
Reserved Bandwi dth (32-bit |EEE floating point nunber) |
i T o T i e S S S i S e S

S I S S S

Type:

0x04 Series of |IPv6 NHOP St atuses.

Lengt h:
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- Total length of the TLV. It varies based on the nunber of |Pv6
NHOP st at uses encoded.
*  Fl ags:

- 0x01 Backup (B): Presence of this flag denotes the specified
next - hop as a backup next - hop.

* | Pv6 Peer Address:
- | Pv6 address of the previous hop (renote end of the TE |ink).

* Peer Interface |ndex:
- Index of the peer interface (renote end of the TE |ink).

*  Hop Version:
- Version of the hop.

* MU
- MU val ue received fromthe next-hop.

* Reserved Bandwi dth
- Bandwidth reserved on the TE |link associated with the next-hop

(encoded as a 32-bit IEEE floating point nunber). The units
are bytes per second.
4.6.7. JUNCTI ON_HOP Obj ect

Class = JUNCTI ON_HOP, JUNCTI ON_HOP_v4 C Type = TBD
0 1 2 3
01234567890123456789012345678901
R et e s i o e s i i
| Hop Address |
B i s T T i i o S o T Ji I
| Hop Interface | ndex |
i i i T i I S i e s o o i i
| Hop Version |
R et e s i o e s i i

*  Hop Address:

- | Pv4 address of the hop of interest.
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* Hop Interface |ndex:
- Interface index of the hop of interest.

*  Hop Version:
- Version of the hop.

Class = JUNCTI ON_HOP, JUNCTI ON_HOP_v6 C-Type = TBD
0 1 2 3
01234567890123456789012345678901
R et e s i o e s i i

| Hop Address (16 bytes) |
| - |

B T S i T s i i e e SEI S
| Hop Interface | ndex |
T S i i S i St N SRR SR
| Hop Version |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
*  Hop Address:
- | Pvbe address of the hop of interest.
* Hop Interface |ndex:
- Interface index of the hop of interest.
*  Hop Version:
- Version of the hop.

4.6.8. JUNCTI ON_LABELED HOP Onj ect

O ass = JUNCTI ON_LABELED HOP, JUNCTI ON LABELED HOP_| Pv4_Label C Type
= TBD
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Hop Address |
T T i s T b I S S S e o
| Hop Interface | ndex |
e Rt T i i e o o s NI SN TR I S
| Hop Version |
B i s T T i i o S o T Ji I
| MTU | Res |
T T i s T b I S S S e o
| Label |
e Rt T i i e o o s NI SN TR I S

*  Hop Address:
- | Pv4 address of the hop of interest.
* Hop Interface |ndex:
- Interface index of the hop of interest.
* Hop Version
- Version of the hop.
* MU
- MU val ue associated with the specified hop
*  Label:
- Label associated with the specified hop

d ass = JUNCTI ON_LABELED HOP, JUNCTI ON_LABELED HOP_| Pv6 TLV C Type =
TBD
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0 1 2 3

01234567890123456789012345678901
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| Hop Address (16 bytes) |
I - I

+—+-+—+-+-+—+-+—+-+—+-+-+—+-:I-.—+-+—+-+-+-+-+—+-+—+-+—+-+-+—+-+—+-+
| Hop I nterface |ndex |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Hop Version |
B T S i T s i i e e SEI S
| MIuU | Res |
I S i o T s S S S e s s T
| Label |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

* Hop Address:
- | Pve address of the hop of interest.

* Hop Interface |ndex:
- Interface index of the hop of interest.

*  Hop Version
- Version of the hop.

*  MIU
- MruU val ue associated with the specified hop

* Label:
- Label associated with the specified hop

4.6.9. JUNCTI ON_STATUS
Class = JUNCTI ON_STATUS, JUNCTI ON_STATUS | pv4 C Type = TBD

0 1 2 3
01234567890123456789012345678901
O e i o R i i I R S e o
| Junction ID |
i T s i o S i i S R I S I S S S M
| MIU | Fl ags |
B T S i T s i i e e SEI S

*  Junction | D
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- | Pv4 address of the junction node.
* MU
- MIU of the junction node.
*  Fl ags:
- UBit: UP Status.
- DBit: Down Status.
- GBit: Degraded Status.
Cl ass = JUNCTI ON_STATUS, JUNCTI ON_STATUS | pv6 C Type = TBD
0 1 2 3
01234567890123456789012345678901
i s i T S e S T T il o S R S S S

| Junction ID (16 bytes) |
| : |

+-+-+-+-+-+- - - - - - - - - +— +-+-+-+-+-+-+-+-+- - -+ - - - - -+
| MU | Fl ags I
T S i S i i S S S S S e ok
*  Junction | D
- | Pv6 address of the junction node.
* MIU
- MIU of the junction node.
*  Fl ags:
- UBit: UP Status.
- D Bit: Down Status.
- GBit: Degraded Status.

Class = JUNCTI ON_STATUS, JUNCTI ON_STATUS Degraded_| pv4 C Type = TBD
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Junction ID |
e L o i e S  th o i R S
| Mru | FI ags |
i e e R e T o S i ki oI SR R S S
| Reserved Bandwi dth (32-bit |EEE floating point nunber) |
B i s T T i i o S o T Ji I

* Junction ID
- | Pv4 address of the junction node.
* MU
- MIU of the junction node.
*  Fl ags:
- UBit: UP Status.
- DBit: Down Status.
- GBit: Degraded Status.
* Reserved Bandwi dth:

- Bandwidth reserved for the junction (encoded as a 32-bit |EEE
floating point nunber).

Class = JUNCTI ON_STATUS, JUNCTI ON_STATUS_Degr aded_I pv6 C- Type = TBD

0 1 2 3

01234567890123456789012345678901
I S i o T s S S S e s s T
| Junction ID (16 bytes) |
!l-—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—!|-
| Mru | FI ags |
i i i T i I S i e s o o i i
| Reserved Bandwi dth (32-bit |EEE floating point nunber) |
R et e s i o e s i i

* Junction |ID:

- | Pvbe address of the junction node.
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* MU

- MU of the junction node.
*  Fl ags:

- UBit: UP Status.

- DBit: Down Status.

- GBit: Degraded Status.
* Reserved Bandwi dt h:

- Bandwidth reserved for the junction (encoded as a 32-bit |EEE
floating point nunber).

4.6.10. JUNCTI ON_HOP_STATUS

Class = JUNCTI ON_HOP_STATUS, JUNCTI ON_HOP_I| Pv4_STATUS C- Type = TBD
0 1 2 3
01234567890123456789012345678901
I S i o T s S S S e s s T
| Hop Address |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Hop | ndex |
B T S i T s i i e e SEI S
| Hop Version |
I S i o T s S S S e s s T
| Res | Fl ags |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

* Hop Address:
- | Pv4 address of the hop of interest.

*  Hop | ndex:
- Interface index of the hop of interest.

*  Hop Version:
- Version of the hop.

*  Fl ags:

- UBit: UP Status.
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- DBit: Down Status.
- GBit: Degraded Status.

Cl ass = JUNCTI ON_HOP_STATUS, JUNCTI ON_HOP_| Pv6_STATUS C- Type = TBD
0 1 2 3
01234567890123456789012345678901
B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR

| Hop Address (16 bytes) |
I e I

e e e e e e e b e e e e e e e e e e e e b e e e e e e e e e e e
| Hop | ndex |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Hop Version |
B T S i T s i i e e SEI S
| Res | Fl ags |
i e R b e s i i e e T S i N e

* Hop Address:
- | Pvbe address of the hop of interest.

*  Hop | ndex:
- Interface index of the hop of interest.

* Hop Version:
- Version of the hop.

* Fl ags:
- UBit: UP Status.
- DBit: Down Status.
- GBit: Degraded Status.

4.6.11. CONDI TI ONS bj ect

Class = CONDITIONS, C Type =1
0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S

| Fl ags (Reserved) | IIM
I S i o T s S S S e s s T
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*  Fl ags:
- J-Bit: Propagate the deletion request downstream
4.6.12. RESOURCE_SPEC
C ass = RESOURCE_SPEC, RESOURCE_SPEC | pv4 C- Type = TBD
0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i
| Li nk Address |
R et e s i o e s i i
| Li nk I ndex |
B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR
* Link Address:
- | Pv4 address of the unavailable TE |ink
* Link Index:
- Index of the unavailable TE |Iink
C ass = RESOURCE_SPEC, RESOURCE_SPEC | pv6 C- Type = TBD
0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i

| Li nk Address (16 bytes) |
I : I

B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Li nk I ndex |
B T S i T s i i e e SEI S
* Link Address:
- | Pvbe address of the unavail able TE |i nk.
* Link | ndex:
- I ndex of the unavailable TE |ink

4.6.13. DEG_RESOURCE_SPEC

O ass = DEG RESOURCE_SPEC, DEG RESOURCE_SPEC | pv4 C Type = TBD
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Li nk Address |
i I i S e S it SN DU DU SRS
Li nk | ndex |
B S T s i S i S S i S i SR SR
Max Reservabl e Bandwi dth (32-bit |EEE floating point nunber) |
B S S e i S S T A S S S S S S i S S
rio O Degraded Bandwi dth (32-bit | EEE floating point nunber) |
i S T i i S i S DR S S i
io 1 Degraded Bandwi dth (32-bit | EEE floating point nunber) |
I I i T it s sl I S S S S
Prio 2 Degraded Bandwi dth (32-bit | EEE floating point number) |
i T o T i e S S S i S e S
Prio 3 Degraded Bandwi dth (32-bit |EEE floating point nunber) |
B S S i S S i S S S S
Prio 4 Degraded Bandwi dth (32-bit | EEE fl oating point nunber) |
I I i T it s sl I S S S S
Prio 5 Degraded Bandwi dth (32-bit | EEE floating point number) |
i T o T i e S S S i S e S
Prio 6 Degraded Bandwi dth (32-bit | EEE floating point nunber) |
B S S i S S i S S S S
Prio 7 Degraded Bandwi dth (32-bit | EEE fl oating point nunber) |
I I i T it s sl I S S S S

FT AT T AT T AT AT T T

* Link Address:
- | Pv4 address of the degraded TE Ii nk.
* Link I ndex:
- Index of the degraded TE Iink.
* Max Reservabl e Bandwi dt h:
- Maxi mum reservabl e bandwi dth on the degraded TE |ink
* Prio x Degraded Bandwi dt h:
- Anobunt of bandwi dth to be reduced for priority x.

d ass = DEG RESOURCE_SPEC, DEG RESOURCE_SPEC | pv6 C Type = TBD
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Li nk Address (16 bytes) |
I

I i i T i S S S -
Li nk | ndex |
i T o T T i T A S S S T
Max Reservabl e Bandwi dth (32-bit |EEE floating point nunber) |
i T S S S T i T i I S I S S
rio O Degraded Bandwi dth (32-bit | EEE fl oating point nunber) |
I I i T i S R S
Prio 1 Degraded Bandwi dth (32-bit | EEE floating point number) |
i T o T T i T A S S S T
|

+

I

+

I

+

|

Y]

Prio 2 Degraded Bandwi dth (32-bit |IEEE floating point numnber)

B e T i T S i i I S T T i i i S N
Prio 3 Degraded Bandwi dth (32-bit | EEE fl oating point nunber)
i I i S S N S S N S N R SR SR S
Prio 4 Degraded Bandwi dth (32-bit | EEE floating point numnber)

B i T S T i I i T i s S S S I S S S
Prio 5 Degraded Bandwi dth (32-bit |IEEE floating point numnber)
i T S S S T i T i I S I S S
Prio 6 Degraded Bandwi dth (32-bit | EEE fl oating point nunber) |
T T S i L e N R SR S
| Prio 7 Degraded Bandwi dth (32-bit | EEE floating point numnber) |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

I
+-
I
+-
|
+-
I
+-
I
+-
|
+-
I
+-
I
+-
|
+-
I

* Link Address:
- | Pv6e address of the degraded TE Ii nk.
* Link Index:
- Index of the degraded TE Ii nk.
* Max Reservabl e Bandwi dt h:
- ©Maxi mum reservabl e bandwi dth on the degraded TE |ink
* Prio x Degraded Bandw dt h:
- Amount of bandwi dth to be reduced for priority x.
5. Protection

(To be added in a later revision.)
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6. Gaceful Restart

(To be added in a later revision.)
7. Security Considerations

(To be added in a later revision.)
8. | ANA Consi derati ons

(To be added in a later revision.)
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MPTED Tunnel R1toR8
Originator, Computer, Signaling Source: Rl

3G | | 2.5G
+-- -+ +-- -+
| R - | R5|-----
+---+ / +---+ \
/ \ / \
\ \
\/ 3G 1G \ 6G
+-- -+ +-- -+ +-- -+ +-- -+
R1| | RA[------ | R6|------ | Rel
+---+ +---+ +---+ +---+
/\ /
[\ /
\ / \ /
+-- -+ \ +-- -+ /
| R3]  ----- | R7|-----
+---+ +---+
3G | | 2.5G

Link Metrics:

* Initiation of setup sequence on MPTED tunnel

R2-R4, R4-R5, R3-R4, R4-R7: 10
R4- R6, R6-R8: 15
Rest of the |inks: 20

Fi gure 2: MPTED Tunnel Setup

March 2026

signaling source, RIL:

- Rl sends an M Path nessage to each junction node (R2, R3, R4,
R5, R6, R7, and R8)

- Rl processes the ingress JUNCTION, constructs a JSB, and waits
for an M Resv message to arrive fromeach JCT-NHOP (R2 and R3).

* MPath message processing on transit junction nodes (R2, R3, R4,

R5, R6, R7):

- Each transit junction node processes the JUNCTION, constructs a
JSB, and waits for an M Resv nessage to arrive fromeach JCT-

NHOP.

* M Path nessage processing on egress junction node,

- R8 processes the JUNCTION and constructs a JSB.
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- R8 sends an M Resv nessage to each JCT-PHOP (R5, R6, and R7)
with MPLICIT NULL Label (3). -R8 sends an M Notify message to
R1, indicating that the junction processing is conplete at R8.

* M Resv nessage processing on transit junction nodes (R2, R3, R4,
R5, R6, R7):

- Each transit junction node waits until M Resv nmessages are
received fromall avail able JCT-NHOPs and t hen:

0o Allocates a | abel for each JCT-PHOP and prograns the
correspondi ng | abel ed route.

0 Sends an M Resv nessage to each JCT-PHOP with the
correspondi ng al l ocated | abel.

0 Sends an M Notify nmessage to Rl, indicating that the
junction processing is conplete on the node.

* M Resv message processing on ingress junction node, RIl:

- Rl waist until M Resv nessages are received fromall JCT-NHOPs
(R2 and R3) and then:

- Prograns a route for the MPTED tunnel.

- Notifies the signaling source (itself) that the junction
processing is conplete on the ingress node.

* MNotify nmessage processing on the signaling source:
- The signaling source (R1) considers the setup sequence conpl ete
when confirmation of junction provisioning is received fromall

j uncti ons.

o If all the junctions indicate that the JUNCTION is "Up",
then the status of the MPTED Tunnel is deemed "Up".

o If all the junctions indicate that the JUNCTION is "Down",
then the status of the MPTED Tunnel is deened "Down".

o In all other scenarios, the status of the MPTED Tunnel is
deenmed to be "Degraded".

A. 2. Update Sequence - "In-Pl ace"
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MPTED Tunnel R1toR8
Originator, Computer, Signaling Source: Rl

3G >6 | | 2.5G >4.5G
+-- -+ +-- -+
| R - | R5|-----
+---+ / +---+ \
/ \ / \
/ \ \
6G >9 / \/3G>4.5G 1G >1.5G \ 6G >9G
+-- -+ +-- -+ +-- -+ +-- -+
| R | RA[------ | R6|------ | Rel
+---+ +---+ +---+ +---+
\ /\ /
\ [\ /
\ / \ /
+-- -+ \ +-- -+ /
| R3]  ----- | R7|-----
+---+ +---+
3G | | 2.5G >3G

Link Metrics:
R2-R4, R4-R5, R3-R4, R4-R7: 10
R4- R6, R6-R8: 15
Rest of the |inks: 20

Figure 3: MPTED Tunnel Update - |n-Place
Initiation of update sequence on MPTED signaling source, RIL:

- Rl sends an M Path nessage with a new version to each junction
node (R2, R3, R4, R5, R6, R7, and R8)

- Rl processes the updated ingress JUNCTION, updates the JSB, and
waits for an M Resv nessage to arrive fromeach JCT- NHOP (R2
and R3).

M Pat h nmessage processing on transit junction nodes (R2, R3, R4,
R5, R6, R7):

- Each transit junction node processes the JUNCTI ON, updates the
JSB, and waits for an M Resv nessage with the new version to
arrive from each JCT- NHOP.

M Pat h nessage processing on egress junction node, R8:
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A 3.

- R8 processes the JUNCTI ON and updates the JSB.

- R8 sends an M Resv nessage with the new version to each JCT-
PHOP (R5, R6, and R7)

- R8 sends an M Notify nessage to Rl, indicating that the
junction update processing is conplete at R8.

M Resv nmessage processing on transit junction nodes (R2, R3, R4,
R5, R6, R7):

- Each transit junction node waits until M Resv nessages with the
new version are received fromall avail able JCT-NHOPs and t hen:

0 Reprograns the next-hops on the corresponding | abel ed route
with updated | oad share (if needed).

0 Sends an M Resv nessage with the new version to each JCT-
PHOP.

0 Sends an M Notify nmessage to Rl, indicating that the
junction update processing is conplete on the node.

M Resv nessage processing on ingress junction node, RIL:

- Rl waist until M Resv nessages with the new version are
received fromall JCT-NHOPs (R2 and R3) and then:

0 Reprograns the next-hops on the route for the MPTED tunnel
with updated | oad share (if needed)

0o Notifies the signaling source (itself) that the junction
update processing is conplete on the ingress node.

M Notify nmessage processing on the signaling source:
- The signaling source (R1) considers the "in-place" update
sequence conpl ete when confirmation of junction update is

received fromall junctions.

Updat e Sequence - Add Junction
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+-- -+
2@ Add|
e - | RO|----
| +---+
I
I
(I
+-- -+
6G| R -----
+---+ /
/ \ /
/ \
12G / \/6G >5G
+---+ +---+
| RI | R4l------
+---+ +---+
\ I\
\ I\
\ / \
+---+ \
| R3 -
+---+
6G |

Li nk Metrics:

MPTE
I
I
| | 6G >5.67G
+---+
| RS|-----
+---+ \
\

\
2G->1.67G \ 12G
+---+ +---+
| R6|------ | R8|
+---+ +---+

/

/

/
+-- -+ /
| R7|-----
+---+
| 5G >4.67G

R2-R4, R4-R5, R3-R4, R4-R7: 10

R4- R6, R6-R8: 15
Rest of the I|inks:

20

Junction RO is added to the DAG

Figure 4: MPTED Tunnel
* |nitiation of update sequence on

- Rl sends an M Path nessage wit
node (R2, R3, R4, R5, R6, RY,

- Rl processes the updated ingress JUNCTI ON,
waits for an M Resv nessage to arrive fromeach JCT-NHOP (R2

and R3).

*  Procedure on RO is the sane as di
"initial setup".
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h a new version to each junction

R8, and the new y added R9)

Procedures on R3, R4, R6, R7, and R8 are the same as discussed in
the exanple for "in-place update"

scussed in the exanple for

March 2026

updates the JSB, and
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* M Path nmessage processing on R2:

- R2 processes the JUNCTION, updates the JSB, adds a new JCT-
NHOP, and waits for an M Resv nessage with the new version to
be received fromeach JCT-NHOP (R4, R5, and R9).

* M Path nmessage processing on R5:

- R5 processes the JUNCTION, updates the JSB, adds a new JCT-
PHOP, and waits for an M Resv nessage with the new version to
be received from R8.

* M Resv nessage processing on R5:

- R5 allocates a | abel for JCT-PHOP 9 and prograns the
correspondi ng | abel ed route.

- R5 sends an M Resv nessage with the new version to each JCT-
PHOP.

- R5 sends an M Notify nessage to Rl, indicating that the
junction update processing is conplete on the node.

* M Resv nessage processing on R2:

- R2 waits until M Resv nessages with the new version are
received fromall avail able JCT-NHOPs and t hen:

0 Reprograns the | abeled routes to include JCT-NHOP 9 in the
list of next-hops.

0 Sends an M Resv nessage with the new version to each JCT-
PHOP.

0 Sends an M Notify nmessage to Rl, indicating that the
junction update processing is conplete on R2.

* MNotify message processing on the signaling source:
- The signaling source (Rl) considers the update sequence
conpl ete when confirmati on of junction processing is received

fromall junctions.

Aut hors’ Addr esses
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