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Abstract

Thi s docunent specifies the extensions to Path Conputation El enent
Conmruni cati on Protocol (PCEP) to carry Network Resource Partition
(NRP) related information in the PCEP nessages. The extensions in
this docunment can be used to indicate the NRP-specific constraints
and i nformation needed in path conputation, path status report and
path initialization.

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 nmay also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi mum of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 10 May 2026.
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Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these documents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

[ RFC5440] describes the Path Conputation El enent (PCE) Communi cation
Protocol (PCEP). PCEP enabl es the conmuni cati on between a Path
Conputation Cient (PCC) and a PCE, or between PCE and PCE, for the
pur pose of conmputation of Multi-protocol Label Switching (MPLS) as
well as Ceneralized MPLS (GWLS) Traffic Engineering Label Switched
Path (TE LSP) characteristics. As depicted in [RFC4655], a PCE MJST
be able to compute the path of a TE LSP by operating on the TED and
consi dering bandwi dth and other constraints applicable to the TE LSP
servi ce request.
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[ RFC8231] specifies a set of extensions to PCEP to enable statefu
control of TE LSPs within and across PCEP sessions in conpliance with
[ RFC4657]. It includes mechanisnms to effect LSP State
Synchroni zati on between PCCs and PCEs, del egation of control over
LSPs to PCEs, and PCE control of timing and sequence of path
conputations within and across PCEP sessions. The nodel of operation
where LSPs are initiated fromthe PCE is described in [ RFC8281].

[ RFC8664] specifies PCEP extensions to allow a stateful PCE to
compute and initiate TE paths, as well as a PCC to request a path
subject to certain constraints and optimization criteria in SR

net wor ks.

Wth the introduction and evol verent of 5G and ot her network
scenari os, existing or energing applications or custoners nmay require
connectivity services with additional characteristics. As described
in [ RFC9543], an RFC 9543 Network Slice enabl es connectivity service
bet ween a set of Service Demarcation Points (SDPs) with specific
Service Level Objectives (SLGCs) and Service Level Expectations (SLES)
over a conmon underlay network. For the realization of RFC 9543
network slice service, the concept Network Resource Partition (NRP)
is introduced in [ RFC9543]. A Network Resource Partition (NRP) is a
subset of the buffer/queuing/ scheduling resources and associ ated
policies on each of a connected set of links in the underlay network.

[ RFCO9732] describes a framework and the candi date technol ogies for
provi di ng enhanced VPN services based on NRPs. An NRP could be used
as the underlay to neet the requirenent of one or a group of enhanced
VPN servi ces

In MPLS or SR based network, the set of network resources allocated
to an NRP can be identified using resource-aware SR SIDs as defined
in [I-D.ietf-spring-resource-aware-segnents]
[I-D.ietf-spring-sr-for-enhanced-vpn], or the data plane NRP ID as
defined in [I-D.ietf-6nman-enhanced-vpn-vtn-id]. The |ogical topology
associated with an NRP coul d be specified using nechani sns such as
Mul ti - Topol ogy [ RFC4915], [RFC5120] or Fl ex-Al go [ RFC9350], etc.

To nmeet specific service requirenent, traffic flows of an RFC 9543
network slice service need be steered onto TE paths of the
corresponding NRP. A PCC may request the PCE for conputing a TE path
within an NRP, so that the path conputation would take the resource
attributes and the associ ated topol ogy of the NRP into consideration.
Correspondingly, a PCE may reply or initiate a TE path with NRP-
specific control plane and data plane information to a PCC

Thi s docunent specifies the extensions to PCEP to carry NRP rel ated

information in the PCEP nessages. The extensions can be used in the
basi ¢ PCE conputation, the stateful PCE and the PCE-initiated LSP
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mechani sms to indicate the NRP-specific constraints and information
needed in path conputation, path status report and path
initialization.

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] [RFC8174] when, and only when, they appear in all
capitals, as shown here.

2. PCEP Extensions
2.1. New TLV in LSPA hj ect

A new NRP TLV for use in the LSPA Object is defined to indicate the
NRP I D and the related informati on which needs to be considered in
path conputation or instantiation. The format of the NRP TLV is as
fol |l ows:

0 1 2 3
01234567890123456789012345678901
i R L s e T e R h th s i S SR N S
| Type=TBD1 | Lengt h=Vari abl e |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| NRP | D |
B T S i T s i i e e SEI S
| Fl ags | Reserved |
i e R i e i i i e i i S S N o
}/ Optional sub-TLV(S) }/

B T S i T s i i e e SEI S
Figure 1: NRP TLV For mat
Wher e:

* NRP ID: A network-wi de unique 32-bit identifier which is used to
identify an NRP.

* Flags: 16-bit flags. Currently all the flags are reserved for

future use. They SHOULD be set to zero on transm ssion and MJST
be ignored on receipt.
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Reserved: 16-bit reserved field for future use. Al the bits
SHOULD be set to zero on transm ssion and MJST be ignored on
receipt.

Optional sub-TLVs: Additional information which can be used in
NRP- specific constraints. Currently no sub-TLV is defined in this
docunent .

Capabi lity Adverti senent

A PCEP speaker indicates whether it supports NRP-specific path
conputation using a new PCEP capability called "NRP- CAPABI LI TY".

Whe

n the PCEP session is created, it sends an Open nmessage with an

OPEN bj ect containing the NRP-CAPABILITY TLV. The format of this
TLV is as follows:

The
| on

The

*

3.

The
pat
pat
nmec

Dong,

1 2 3
1234567890123456789012345678901
B s o T ol i R R S e i ik i Sh SRR N S

Type=TBD2 | Lengt h=4 |
B S S e i S S T A S S S S S S i S S
FI ags D|

e T S S T S S P S S K s
Figure 2: NRP CAPABILITY TLV

type (16 bits) of the TLVis TBA. The length field is 16 bits
g and has a fixed val ue of 4.

val ue conprises a single field -- Flags (32 bits):

D (Data Plane NRP ID CAPABILITY - 1 bit): if set to 1 by a PCC
the D flag indicates that the PCC supports the encapsul ati on of
data plane NRP ID in data packet; if set to 1 by a PCE, it

i ndi cates that the PCE supports to provide path conputation result
with the data plane NRP ID used for the path.

Unassigned bits in the Flags field MJST be set to zero on
transm ssion and i gnored on receipt.

erations
NRP TLV defined in this docunent can be used for NRP-aware TE
h computati on, NRP-specific path status report and NRP-specific

h instantiation, thus it is applicable to both the basic PCE
hani sms and the stateful PCE nmechani sns.
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3.1. NRP-aware Path Conmputation

NRP- aware TE path conputati on SHOULD be perfornmed based on the
constraints and network resources associated with a specific NRP

I nformati on about the NRP-specific network resource and topol ogy
attributes may be obtained by the PCE either fromthe network

pl anni ng system or using a distributed control plane such as |IGP or
BGP-LS with necessary extensions. The detailed mechanismis out of
the scope of this docunent.

In a PCReq nessage, the NRP TLV SHOULD be carried in the LSPA Object
to indicate that the path conputation needs to be executed using the
networ k resource and topological attributes of the NRP. The PCE
SHOULD use the network resource and topol ogy attributes associ ated
with the specified NRP as the paraneters in path conputation. 1In a
PCRep nessage, the NRP TLV MAY be carried in the LSPA Object in case
of failure to indicate the path conmputation in the specified NRP was
not successful

3.2. NRP-specific Path Update and Report

The NRP TLV defined in this docunent can be used for NRP-specific
pat h update and report in the stateful PCE nechanisns.

A PCE MAY include the NRP TLV in PCUpd Message to indicate the NRP in
whi ch the TE path needs to be updated. The NRP I D SHOULD be the same
as the NRP ID of the existing TE path. [If a PCC receives an PCUpd
message in which the NRP I D does not match with the NRP ID of the
pat h, the PCC MJST keep the LSP state unchanged, and include an LSP
Error Code value of "NRP Msmatch" (TBD3) in LSP State Report

message. On successful update of a TE path, the NRP TLV SHOULD be
included in the PCRpt nessage to indicate the NRP in which the TE
path is reported.

3.3. NRP-specific Path Initiation

The NRP TLV defined in this docunent can be used for NRP-specific
path initiation in the PCE-Initiated LSP nechani sns.

Dong, et al. Expires 10 May 2026 [ Page 6]



Internet-Draft PCEP Ext ensi ons for NRP Novenber 2025

In a PClnitiate nessage, the NRP TLV MAY be included to indicate the
NRP in which the path needs to be initiated. Depending on the
setting of the Dflag in the NRP Capability, the PCC will use either
the resources-aware Sl Ds associated with the NRP or the data plane
NRP IDin constructing the NRP specific TE path. |If the PCC
determnes that the LSP paraneters proposed in the PClnitiate nessage
are unacceptable, it MJST send a PCErr nmessage with Error-type=24
(PCE instantiation error) and Error-val ue=1 (Unacceptabl e
instantiation parameters). On successful conpletion of the LSP
instantiation, the NRP TLV SHOULD be included in the PCRpt nessage to
indicate the NRP in which the TE path was instanti ated.

4. Scal ability Considerations

The nmechani sm described in this document adds NRP-specific
information to PCEP. NRP-specific constraints nmay be considered in
pat h conputation of PCE, and in path instantiation, path update and
report, a TE path may be associated with an NRP ID. As the nunber of
NRP i ncreases, the nunber of PCEP nessages exchanged between PCC and
PCE woul d al so increase. However, since the PCEP nessages are
exchanged only between the PCCs and PCE, the inpacts to the contro

pl ane of PCC and PCE are consi dered acceptabl e.

5. Security Considerations

Thi s docunent defines a new NRP TLV that do not add any new security
concerns beyond those discussed in [ RFC5440] in itself. Sone

depl oynents may find the NRP information to be extra sensitive and
could be used to influence path conputation and setup with adverse
effect. Additionally, snooping of PCEP nessages with such data or
usi ng PCEP nessages for network reconnai ssance nmay give an attacker
sensitive informati on about the operations of the network. Thus,
such depl oynment shoul d enpl oy suitable PCEP security nmechanisns |ike
TCP Aut hentication Option (TCP-AO [RFC5925] or Transport Layer
Security (TLS) [RFC8253]. The procedure based on TLS is considered a
security enhancenent and thus is much better suited for the sensitive
i nformati on.

6. | ANA Consi derations
Thi s docunent nakes following requests to | ANA for action.
I ANA is requested to nake the followi ng allocations in the "PCEP TLV

Type I ndicators" subregistry of the "Path Conputation El enment
Prot ocol (PCEP) Nunbers" registry:
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9.

Val ue Descri ption Ref erence
TBD1 NRP Thi s docunent
TBD2 NRP CAPABI LI TY Thi s docunent

I ANA is requested to allocate a new error code in the "LSP- ERROR- CODE
TLV Error Code Field" sub-registry of the "Path Conputation El enent
Prot ocol (PCEP) Nunbers" registry:

Val ue Descri ption Ref erence

TBD3 NRP M snat ch Thi s docunent
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