PCEP Wor ki ng G oup V. P. Beeram

I nternet-Draft HPE
I ntended status: Standards Track K. Konpell a
Expires: 2 Septenber 2026 Juni per Networ ks
A. Stone

Noki a

1 March 2026

Pat h Conputation El ement Conmuni cation Protocol (PCEP) Extensions for
Mul tipath Traffic Engineered Directed Acyclic Gaph (MPTED) Tunnel s
draft - beeram pce- pcep- npt ed-01

Abstract

A Miultipath Traffic Engineered Directed Acyclic G aph (MPTED) tunnel
is a Traffic Engineering (TE) construct that facilitates wei ghted

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

Thi s docunent describes the provisioning of an MPTED Tunnel in a TE
networ k using Path Conputation El ement Conmuni cation Protocol (PCEP)
in a stateful PCE nodel .

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
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Internet-Drafts are draft docunments valid for a maxi num of six nonths
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This Internet-Draft will expire on 2 Septenber 2026.
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1. Introduction

The notion of a Miultipath Traffic Engineering Directed Acyclic G aph
(MPTED) tunnel is introduced in [I-D.draft-konpella-teas-npte]. An
MPTED tunnel is a Traffic Engineering (TE) construct that contains a
constrai ned set of paths representing an optim zed Directed Acyclic
Graph (DAG fromone or nore ingresses to one or nore egresses. The
pat hs that make up an MPTED tunnel traverse a set of junction nodes.
An MPTED junction refers to the construct associated with the MPTED
tunnel at each junction node and constitutes a set of previous-hops
and a set of next-hops over which traffic is |oad-balanced in a

wei ghted fashion. Provisioning an MPTED tunnel in a TE network

i nvol ves provisioning the control and forwardi ng plane state
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associ ated with the MPTED junction at each junction node.

[ RFC8231] specifies extensions to the Path Conputation El enent
Protocol (PCEP) that enable the deploynent of a stateful Path
Conput ati on El enent (PCE) nodel. These extensions allow a Path
Conputation Cient (PCC) to delegate control of the Label Switched
Pat hs (LSPs) associated with its TE Tunnels to a stateful

PCE. [ RFC8281] specifies extensions that allow a PCE to instantiate
and manage PCE-initiated LSPs on a PCC under the stateful PCE
nmodel . This document describes the extensions to PCEP that woul d
enable (a) a PCC to del egate control of the MPTED TE Tunnel to a
stateful PCE and (b) a PCE to instantiate and nanage PCE-initiated
MPTED Tunnel s on a PCC under the stateful PCE nodel.

Each MPTED conputation request that a PCE caters to carries a set of
i ngress nodes, a set of egress nodes, a set of constraints, and an
optinization objective. The conputation result for the MPTED
contains a set of unordered elenments called JUNCTI ONs. Each ingress,
transit, and egress node on the DAGis a junction and has a JUNCTI ON
el ement associated with it. A JUNCTION el enent contains the

i nformati on necessary to provision a specific junction node in the
conmputed DAG. The onus is on the MPTED tunnel signaling source to
signal and provision the MPTED junction on each junction node.
Dependi ng on the type of the MPTED tunnel and the signaling protoco
used, the signaling source function nay reside either on the PCC or
the PCE. This docunent al so describes the extensions to PCEP that
enable the PCE to act as an MPTED tunnel signaling source and manage
the MPTED junctions on a junction node.

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

pl ane or a native Internet Protocol (I1P) v4/v6 forwarding plane using
an appropriate tunnel type. The focus of this version of the
docunent is on discussing howthe PCEP protocol is extended to
facilitate distributed and centralized provisioning of MPTED Tunnel s
over an MPLS forwarding plane in a TE network.

1.1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here
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1.2. Termi nol ogy

The reader is expected to be famliar with the term nology used in
[1-D.draft-konpell a-teas-npte].

2. Mddes of Qperation
2.1. PCClnitiated and PCC Si gnal ed

In this node of operation, the PCCis the MPTED tunnel originator and
the signaling source. The PCC del egates the control of the MPTED
tunnel to the PCE. The PCE conmputes the MPTED, produces a set of
JUNCTI ONs, and puts the onus on the PCC to signal and provision the
JUNCTI ON on each junction node. . After the signaling setup sequence
is complete, the PCC notifies the PCE of the status of each junction
in the DAG The MPTED tunnel setup is deened conplete on the PCE
when all junction notifications are received fromthe PCC. An
exanmpl e of this node of operation is an MPLS depl oyment where RSVP
MPTED tunnel s that use signal ed | abel switching originate on an

i ngress node, and the DAG conputation is offloaded to the PCE

R +
----> PCE |
pcc |/ | |
Init/ | MPTED |
/ | Computer|
/ TS +
I
I
v
I + Fommmaa - +
| pCC | | Juncti on]
| | T >  Node |
| MPTED | I 4o L +
|  Tunnel | / | Juncti on|
|Originator| /.--> Node |
I | /1 to------- +
| MPTED |/ S +
| Signaling |------------------ >| Juncti on|
| Source |\ e + | Node |
| | | \\ | Juncti on| R +
| v | \.--> Node |
| +-------- +| \ E - +
| | Junction| | \ Fo-em- - +
|| Node || R LR >| Juncti on|
|+ + | Node |
Focmmnaaann + S I +
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Figure 1: PCC Initiated and PCC Si gnal ed
2.2. PCE Initiated and PCC Si gnal ed

In this node of operation, the PCE serves as the MPTED tunnel
originator, and the PCC acts as the signaling source. The PCE
conputes the MPTED and initiates the setup process by providing the
PCC a list of JUNCTIONs. The PCC signals and provisions the JUNCTI ON
on each junction node. After the signaling setup sequence is
conplete, the PCC notifies the PCE of the status of each junction in
the DAG. The MPTED tunnel setup is deened conplete on the PCE when
all junction notifications are received fromthe PCC. An exanpl e of
this node of operation is an MPLS depl oyment where RSVP MPTED

tunnel s, which use signaled | abel switching, are originated and
comput ed by the PCE.
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| | Computer |
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Figure 2: PCE Initiated and PCC Si gnal ed
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2.3. PCClnitiated and PCE Si gnal ed
In this node of operation, the PCC serves as the MPTED tunne
originator, and the PCE acts as the signaling source. The PCC
del egates the control of the MPTED tunnel to the PCE. The PCE

conmput es the MPTED, produces a set of JUNCTI ONs,
protocol to provision the JUNCTION on each junction node.
be used as the signaling protoco
The MPTED tunne

notifications are received fromall junction nodes.

and uses a signaling

PCEP MAY

on the PCE for junction managenent.
setup is deened conpl ete on the PCE when junction
An exanpl e of

this node of operation with PCEP signaling for junction managenent is

an MPLS depl oynent where Segnment Routing MPTED tunnel s,
static | abels,
the TE network by the PCE

whi ch use
originate on an ingress node and are provisioned in
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pPCC / | |
Init/ | MPTED |
/ | Computer|
/ | |
/ | MPTED |
/ .---|Signaling|------ .
| / | Source | \
| / R S + \
Y, / / | \ \
Fomm - + / / | \ |
| PCC | | / Y, \ Y,
| | | / R + R +
| MPTED | | | | Junction | | |Junction |
|  Tunnel | | | | Node | | | Node |
| Ori gi nat or | | | e + | +--------- +
| | | | |
| +-------- +H <--7 I I
| | Junction| | Fome e - + Fome e - +
|| Node |] | Junction | | Junction |
| +-------- +| | Node | | Node |
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Figure 3: PCC lnitiated and PCE Si gnal ed
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2.4. PCE Initiated and PCE Si gnal ed

In this node of operation, the PCE serves as the MPTED tunne
originator and the signaling source. The PCE conputes the MPTED,
produces a set of JUNCTIONs, and uses a signaling protocol to

provi sion the JUNCTI ON on each junction node. PCEP MAY be used as
the signaling protocol on the PCE for junction nanagenent. The MPTED
tunnel setup is deened conplete on the PCE when junction
notifications are received fromall junction nodes. An exanple of
this node of operation with PCEP signaling for junction managenent is
an MPLS depl oynent where Segnment Routing MPTED tunnels, which use
static labels, are originated and provisioned in the TE network by

t he PCE.
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Figure 4: PCE Initiated and PCE Signal ed

3. Pr ot ocol Extensions
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3.1. Capability Negotiation

Dependi ng on the depl oynent needs and the signaling protocol used for
junction managenent, one or nore entities can performthe roles of

(a) MPTED tunnel originator, (b) MPTED conputer, and (c) MPTED
signaling source. The stakeholders involved in provisioning an MPTED
tunnel in a stateful PCE nodel are the PCC, the PCE, and the junction
nodes. The capabilities of each stakehol der nust be advertised to
enabl e the assignnent of an appropriate role for each stakehol der
when origi nati ng an MPTED t unnel

The extensions to the capability negotiation procedures on the PCE
and PCC will be discussed in a subsequent version.

3. 2. PCC I nitiated MPTED Tunnel s

The protocol procedures to facilitate PCC initiated MPTED tunnels
wi Il be discussed in a subsequent version.

3. 3. PCE I nitiated MPTED Tunnel s

The protocol procedures to facilitate PCE initiated MPTED tunnels
wi Il be discussed in a subsequent version

3.4. Signaling for Junction Managenent

The procedures to facilitate junction managenment using PCEP signaling
wi Il be discussed in a subsequent version

3.5. PCEP Messages and (bjects

The definition of MPTED PCEP nessages and objects will be furnished
in a subsequent revision.

4. Security Considerations

The security considerations described in [ RFC5440], [RFC8231], and

[ RFC8281] are applicable to this specification. An unauthorized PCE
may maliciously influence the paths traversed by traffic flows
steered onto the MPTED tunnel by manipulating the state on the
junction nodes. The procedures described

in [RFC8253] and [ RFC9325] can be used to protect against this

att ack.

5. Manageability Considerations

This section will be updated in a subsequent version and will follow
the advi ce and gui dance of [RFC6123]
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6. | ANA Consi derati ons

This version of the docunment has no | ANA actions. The requests for
appropriate I ANA actions will be added in a subsequent version.
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