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Abst ract

In order to compute and provide opti mal paths, Path Comnputation

El ements (PCEs) require an accurate and tinmely Traffic Engi neering
Dat abase (TED). This Link State and TE i nformati on has previously
been obtained froma link state routing protocol that supports
traffic engi neering extensions.

Li nk-State (LS) and Traffic Engineering (TE) Information can al so be
carried in Path Conputation El ement Conmuni cation Protocol (PCEP)

usi ng exensi ons known as PCEP-LS. This docunent provides further
experinental extensions to collect Link-State and TE information for
optical networks.

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 (IETF). Note that other groups may 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 docunments valid for a maxi num of six nonths
and may 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 5 August 2026.
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Copyri ght Notice

Copyright (c) 2026 | 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. I nt roduction

[1-D.ietf-pce-pcep-1s] describes an experinental nechani sm by which
Link State (LS) and Traffic Engineering (TE) information can be

coll ected from packet networks and shared with a Path Conputation

El ement (PCE) through the Path Conputation El ement Conmuni cati on
Protocol (PCEP). This approach is called PCEP-LS and uses a new PCEP
message format.
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Problems in the optical networks, such as Optical Transport Networks
(OTN), are beconming nore significant owing to the growh in scale of
such networks. Such growth is also challenging the requirenent for
menory/ storage on each network el ement because it is inportant to
retain information about the whole network in order to successfully
achi eve dynani c network operation.

The use of PCE can offload responsiblity for path computation and
relieve the network nodes of the need to performthat function

t hensel ves, but a PCE needs to have access to a full set of

i nformati on about the network for which it conputes paths. PCEP-LS
provi des a mechanismto gather that infornmation from packet networks
that is an alternative to passive participation in the link state
routing protocol or the use of BGP-LS [ RFC9552].

In an optical network, nore information is needed in order to
successfully determine optinmal end-to-end paths across the network
than is provided in the topol ogy and bandw dth parameters shared in
PCEP-LS. Not all optical networks run an | GP to exchange
reachability and TE information: in sone deployments, this
information is known a priori or is collected through the managenent
pl ane. Further, the use of BGP-LS is not a good proposition for
optical equipnent that already inplenments PCEP, does not usually

i ncl ude support for BGP, and has constrai ned protocol processing
capablities.

Thi s docunent describes extensions to PCEP-LS for use in optica
net wor ks, and expl ai ns how encodi ngs defined in
[1-D.ietf-pce-pcep-1s] can be used in optical network contexts.
Because [I-D.ietf-pce-pcep-1s] is presented as an Experi nental
docunent, the extensions defined here are al so experinental.

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 docunment are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capital s, as shown here

1.2. Experinmental Scope

The procedures described in this document are experinmental. The
experinment builds on the experinment described in
[I-D.ietf-pce-pcep-1s] and is intended to enable research on the
usage of PCEP to populate the Link-State and TE Information froma
PCC to the PCE in an optical network. For this purpose, this
docunent extends the PCEP nessage, PCEP object, and PCEP TLVs defi ned
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in[l-D.ietf-pce-pcep-1s] by defining 11 new PCEP TLVs specifically
for carrying information about optical networks.

This experinent is an extension of the PCEP-LS experinent.

Therefore, interaction with inplenentations that do not support the
PCEP-LS extensions will be exactly as defined in
[1-D.ietf-pce-pcep-1s] Nodes that participate in the PCEP-LS
experinent, but that do not support the TLVs defined in this docunent
wi Il not understand those TLVs and so will ignore them as specified
in [RFC5440]. Thus, nodes that understand PCEP-LS but do not
participate in this experinment will not be harned, but including them
in the network will reduce the value of this experinent.

The experiment will end three years after the RFC is published.

Not e, however, that the experinment described in
[I-D.ietf-pce-pcep-1s] is planned to | ast three years after that
docunent is published as an RFC. This nmay nean that this experinent
is curtailed if the core PCEP-LS experinment ends and is declared a
failure. |In consequence, it is very inportant that the observations
of this experinent be fed into the results of the PCEP-LS experinent.

At the conclusion of this experinent, the authors will attenpt to
determ ne how wi dely this specification has been inplenmented and

depl oyed. When the results of inplenmentation and depl oynent are
avai |l abl e and posted as an Internet-Draft, and assunming that the
results are positive, this docunent (or part thereof) will be updated
and refined, and could be noved from Experinental to Standards Track.

2. Applicability

There are three main applicabilities of the mechani sm described in
this docunent:

* Case 1: There is an IGP running in the optical network, but there
is a need to collect LS and TE resource information at a PCE from
i ndi vidual or specific optical nodes nore frequently of nore
rapidly than the | GP all ows.

- A PCE may receive full information or an incremental update (as
opposed to the entire TE i nformati on of the node/link).

* Case 2: There is no IGP running in the optical network and there
is aneed to collect link-state and TE resource information from
the optical nodes for use by the PCE

* Case 3: There is a need to share abstract optical |ink-state and

TE information froma child PCE to a parent PCE in a hierarchica
PCE (H PCE) system per [RFC6805] and [ RFC8751]. Alternatively,
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this requirement may exi st between a Physical Network Controller
(PNC) and a Multi-Domain Service Coordinator (MDSC) in the
Abstraction and Control of TE Networks (ACTN) architecture

[ RFC8453] .

Note: The applicability for Case 3 may arise as a consequence of
Cases 1 and 2. Wen TE information changes occur in the optica
network, this may al so affect abstracted TE i nformati on and thus
needs to be updated to the parent PCE MsSDC from each child PCE/ PNC

3. Requirenents for PCEP Extension

The key requirements associated with link-state and TE i nformation
distribution are identified for PCEP and listed in Section 4 of
[I-D.ietf-pce-pcep-1s]. The new functions introduced to PCEP to
support distribution of link-state (and TE) information are descri bed
in Section 5 of [I-D.ietf-pce-pcep-l1s]. Details of PCEP nessages and
rel ated njects/ TLVs are specified in Sections 8 and 9 of
[I-D.ietf-pce-pcep-1s]. The key requirenments and new functions
specified in [I-D.ietf-pce-pcep-1s] are equally applicable to optica
net wor ks.

Besi des the generic requirenents specified in [I-D.ietf-pce-pcep-Is],
optical -specific features al so need to be considered. Optical

net wor ks are connection-based so there are specific paraneters, such
as the reachability table, optical |atency, wavel ength consistency,
etc., that need to be included during the collection of topol ogy
informati on. Wthout these additional paraneters, path conputation
may be inaccurate or produce paths that cannot be realised in the
depl oynent. Therefore this information needs to be included in the
PCEP- LS nmessages

The procedure for using the optical paraneters is described in
fol |l owi ng secti ons.

3.1. Reachabl e Source-Destination

The reachabl e source-destination node pair indicates that there is an
opti cal channel (OCh) path between two nodes. The reachability is
restricted by inpairnent, wavel ength consistency, and so on.

Knowl edge of the reachabl e source-destination node pair and the

i mpai rment restrictions is necessary at the PCE to ensure that the
pat h conput ed between source and destination nodes is feasible. In
this scenario, the PCE is responsible for determ ning the set of OCh
pat hs avail abl e to support connecti ons between source and destination
node. Mreover, if a set of optical wavelengths is indicated in the
pat h conputation request, the PCE al so determ nes whether a

wavel ength fromthe set of preselected optical wavelengths is
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avai l abl e for the connection between source and destination.

To enable the PCE to conmplete these functions, the reachable
relationship and optical nultiplex section (OVB) |ink informtion
need to be reported to the PCE. Once the PCE detects that a

wavel ength is available, the corresponding OM5 link is marked in the
PCE' s dat abase as a candidate link in the optical network, which can
then be used for path conputation in the future.

Moreover, in a hierarchical PCE architecture, all of this information
needs to be reported fromchild PCE to parent PCE, which acts as a
servi ce coordi nator.

3.2. Optical Latency

It is the usual case that the PCC indicates the desired nmaxi num

| at ency when requesting a path conputation. |In optical networks the
latency is a very sensitive paraneter and there is often stricter
requirenent on latency. The PCE needs to determ ne which of the
avil abl e OCh path neet the requested | atency threshol d.

A PCE may run an algorithmrunning to verify the performance of the
conputed path. During the conputation, the delay factor nmay be
converted into a kind of Iink weight. After the algorithm provides a
set of candi date paths between the source and destination nodes, the
PCE sel ects the best path by conputing the total path propagation

del ay.

4. PCEP-LS Extensions for Optical Networks

This section provides the additional PCEP-LS extensions necessary to
support optical networks. Al Messages, hjects, and TLVs defined in
[I-D.ietf-pce-pcep-1s] are applicable to optical networks.

4.1. Node Attributes TLV

The Node-Attributed TLV is defined in Section 9.3.9.1 of
[I-D.ietf-pce-pcep-1s]. This TLV is applicable for LS Node Object-
Type as defined in [I-D.ietf-pce-pcep-Is].

This TLV contains a nunber of Sub-TLVs. [I-D.ietf-pce-pcep-I|s]
defines that any Node-Attribute defined for BGP-LS [ RFC9552] can be
used as a Sub-TLV of the PCEP Node-Attribute TLV. There is no
support for optical networks defined for BGP-LS, so the Node-
Attribute Sub-TLVs shown bel ow are defined in this docunent for use
in PCEP-LS for optical networks.

TBD1 The Connectivity Matrix Sub-TLV is used as defined in
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[ RFC7579] .

TBD2 The Resource Block Information Sub-TLV is used as defined in
[ RFC7688] .

TBD3 The Resource Bl ock Accessibility Sub-TLV is used as defined in
[ RFC7688] .

TBD4 The Resource Bl ock Wavel ength Constraint Sub-TLV is used as
defined in [ RFC7688].

TBD5 The Resource Bl ock Pool State Sub-TLV is used as defined in
[ RFC7688] .

TBD6 The Resource Bl ock Shared Access Wavel ength Availability Sub-
TLV is used as defined in [ RFC7688].

4. 2. Link Attributes TLV

The Link-Attributes TLV is defined in Section 9.3.9.2 of
[I-D.ietf-pce-pcep-1s]. This TLV is applicable for the LS Link
oj ect-Type as defined in [I-D.ietf-pce-pcep-15s].

This TLV contains a nunber of Sub-TLVs. [I-D.ietf-pce-pcep-Is]
defines that any Node-Attribute defined for BGP-LS [ RFC9552] can be
used as a Sub-TLV of the PCEP Link-Attribute TLV. There is no
support for optical networks defined for BGP-LS, so the Link-
Attribute Sub-TLVs shown bel ow are defined in this docunment for use
in PCEP-LS for optical networks.

TBD7 The | SCD Sub-TLV is used to describe the Interface Switching
Capabi lity Descriptor as defined in [ RFC4203].

TBD8 The OTN-TDM SCSI Sub-TLV is used to describe the Optical
Transport Network Time Division Miltiplexing Switching Capability
Specific Information as defined in [ RFC4203] and [ RFC7138].

TBD9 The WSON- LSC SCSI Sub-TLV is used to describe the Wavel ength
Switched Optical Network Lanbda Switch Capable Switching
Capabi lity Specific Information as defined in [ RFC4203] and
[ RFC7688] .

TBD10 The Flexi-grid SCSI Sub-TLV is used to describe the Flexi-grid
Switching Capability Specific Information as defined in [ RFC8363].

TBD11 The Port Label Restriction Sub-TLV is used as defined in
[ RFC7579], [RFC7580], and [ RFC8363].
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4.3. PCEP-LS for Optical Network Extension

Thi s section provides additional PCEP-LS extension necessary to
support the optical network paraneters discussed in Section 3.1 and
Section 3. 2.

Col l ection of LS and TE information is necessary before the path
comput ati on processing can be done. The procedure can be divided
i nto:

1. Link state collection by receiving the correspondi ng topol ogy
information in periodically

2. Path conmputation on the PCE, triggered by receiving a path
comput ation request message froma PCC, and conpl eted by
transmtting a path conputation reply with the path conputation
result, per [RFC4655].

For OTN networks, maxi mum bandw dth avail abl e may be aggregat ed
across all optical data unit (ODU) switching levels (i.e., ODUj/k) or
consi dered per ODU 0/1/2/3 switching |evel

For Wavel ength Switched Optical Networks (WSON), Routing and
Wavel engt h Assignnent (RWA) information collected from Network
El ements would be utilized to conmpute optical paths. The list of

i nformation collected can be found in [ RFC7688]. More specifically,
the maxi num bandwi dt h avail abl e may be per | anbda/frequency (OCh) or
aggregated across all | anbdas/frequencies. Per OCh-level abstraction

gives nore detailed data to the P-PCE at the expense of nore

i nformati on processing. Either the OCh-level or the aggregated-|eve
abstraction in the RM constraint (i.e., wavelength continuity) needs
to be taken into account by the PCE during path conputation

Resource Bl ock Accessibility (i.e., wavel ength conversion
information) in [RFC7688] needs to be taken into account in order to
guarantee the reliability of optical path conmputation

5. Security Considerations

Thi s docunent extends PCEP-LS information distribution in optica
networ ks by including a set of Sub-TLVs to be carried in existing
TLVs of existing nessages. Procedures and protocol extensions
defined in this docunment do not affect the overall PCEP security
model (see [RFC5440] and [ RFC8253]). The PCE i npl enentati on SHOULD
provi de mechani snms to prevent strains created by network flaps and
anmount of LS (and TE) information as defined in
[1-D.ietf-pce-pcep-1s]. Thus, any nechani smused for securing the
transm ssi on of other PCEP nessage SHOULD be applied here as well.

As a general precaution, it is RECOMVENDED that these PCEP extensions
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only be activated on authenticated and encrypted sessions bel ongi ng
to the same administrative authority.

6. | ANA Consi derations

Thi s docunent requests | ANA actions to allocate code points for the
protocol elenents defined in this docunent.

6.1. PCEP-LS Sub-TLV Type Indicators
[1-D.ietf-pce-pcep-1s] requests IANA to create a registry of "PCEP-LS

Sub- TLV Type Indicators". [|ANA is requested to nake the foll ow ng
al l ocations fromthis registry using the range 1 to 255.

S oo e o e e e e e e e e e e e e e e e e e e e e e e mm e oo oo
| Sub-TLV | Meaning

Fom e oo o m e e e e e e e e e e e e e e e e e e e eeee e
| TBD1 | Connectivity Matrix

| TBD2 | Resource Block Information

| TBD3 | Resource Block Accessibility

| TBD4 | Resource Bl ock Wavel ength Constrai nt

| TBD5 | Resource Block Pool State

| TBD6 | Resource Block Shared Access Wavel ength Avail abl e
| TBD7 | |1SCD

| TBD8 | OIN-TDM SCSI

| TBD9 | WBON-LSC SCsi

| TBD10 | Flexi-grid SCSI

| TBD11 | Port Label Restriction

7. Acknow edgenent s
Thanks to Young Lee for a lot of the drive behind this work.

8. Contributor’s Address

Zhao, et al. Expi res 11 August 2026 [ Page 9]



Internet-Draft

9. Ref er ences

9.1

PCEP- LS for Optical Networks February 2026

Dhruv Dhody

Emai | :

dhruv.ietf @mail.com

Haom an Zheng

Emai | :

Vi Wang
wei w@upt . edu. cn

Emai | :

Pet er
Emai | :

zhenghaom an@uawei . com

Par k
pet er. park@t.com

Nor mat i ve Ref er ences

[1-D.ietf-pce-pcep-1Is]

[ RFC2119]

[ REC5440]

[ RFC7688]

[ RFC8174]

9. 2.

Zhao,

Dhody, D., Peng, S., Lee, Y., Ceccarelli, D., Wang, A.,
and G S. Mshra, "PCEP extensions for Distribution of
Li nk-State and TE Information", Wrk in Progress,
Internet-Draft, draft-ietf-pce-pcep-Is-04, 14 Cctober
2025, <https://datatracker.ietf.org/doc/htm/draft-ietf-
pce- pcep-1 s- 04>,

Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119,

DO 10.17487/ RFC2119, March 1997,

<https://www. rfc-editor.org/info/rfc2119>.

Vasseur, JP., Ed. and JL. Le Roux, Ed., "Path Conputation
El ement (PCE) Communi cation Protocol (PCEP)", RFC 5440,
DO 10.17487/ RFC5440, March 2009,
<https://ww.rfc-editor.org/info/rfc5440>.

Lee, Y., BEd. and G Bernstein, Ed., "GWLS OSPF
Enhancenment for Signal and Network El ement Conpatibility
for Wavel ength Switched Optical Networks", RFC 7688,

DA 10.17487/ RFC7688, Novenber 2015,
<https://ww.rfc-editor.org/info/rfc7688>.

Leiba, B., "Anbiguity of Uppercase vs Lowercase in RFC
2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://ww.rfc-editor.org/info/rfc8174>.

I nformati ve References

et al.

Expi res 11 August 2026 [ Page 10]



I nternet-Draft PCEP- LS for Optical Networks February 2026

[ RFC4203] Konpella, K, Ed. and Y. Rekhter, Ed., "OSPF Extensions in
Support of Generalized Milti-Protocol Label Switching
(GWLS)", RFC 4203, DO 10.17487/ RFC4203, Cctober 2005,
<https://ww.rfc-editor.org/info/rfc4203>.

[ RFC4655] Farrel, A, Vasseur, J.-P., and J. Ash, "A Path
Conput ati on El enent (PCE)-Based Architecture", RFC 4655,
DA 10.17487/ RFC4655, August 2006,
<https://www.rfc-editor.org/info/rfc4655>.

[ RFC6805] King, D., Ed. and A Farrel, Ed., "The Application of the
Pat h Conputation Elenent Architecture to the Determ nation
of a Sequence of Domains in MPLS and GWPLS', RFC 6805,
DA 10.17487/ RFC6805, Novenber 2012,
<https://www.rfc-editor.org/info/rfc6805>.

[ RFC7138] Ceccarelli, D., Ed., Zhang, F., Belotti, S., Rao, R, and
J. Drake, "Traffic Engineering Extensions to OSPF for
GWLS Control of Evolving G 709 Optical Transport
Net wor ks", RFC 7138, DO 10.17487/ RFC7138, March 2014,
<https://www.rfc-editor.org/info/rfc7138>.

[ RFC7579] Bernstein, G, Ed., Lee, Y., Ed., Li, D., Imjuku, W, and
J. Han, "General Network El ement Constraint Encoding for
GWLS- Control | ed Networks", RFC 7579,
DO 10.17487/ RFC7579, June 2015,
<https://www. rfc-editor.org/info/rfc7579>.

[ RFC7580] Zzhang, F., Lee, Y., Han, J., Bernstein, G, and Y. Xu,
" OSPF- TE Extensions for General Network El enment
Constraints", RFC 7580, DO 10.17487/ RFC7580, June 2015,
<https://ww.rfc-editor.org/info/rfc7580>.

[ RFC8253] Lopez, D., Gonzalez de Dios, O, Wi, Q, and D. Dhody,
"PCEPS: Usage of TLS to Provide a Secure Transport for the
Pat h Conputation El ement Conmunication Protocol (PCEP)",
RFC 8253, DO 10. 17487/ RFC8253, Cctober 2017,
<https://ww.rfc-editor.org/info/rfc8253>.

[ RFC8363] Zzhang, X., Zheng, H., Casellas, R, Gonzalez de Dios, O,
and D. Ceccarelli, "GWLS OSPF-TE Extensions in Support of
Fl exi -Grid Dense Wavel ength Division Miltiplexing (DADM
Net wor ks", RFC 8363, DO 10.17487/ RFC38363, My 2018,
<https://ww.rfc-editor.org/info/rfc8363>.

Zhao, et al. Expi res 11 August 2026 [ Page 11]



I nternet-Draft PCEP- LS for Optical Networks

February 2026

[ RFC8453] Ceccarelli, D., Ed. and Y. Lee, Ed., "Franework for
Abstraction and Control of TE Networks (ACTN)", RFC 8453,

DO 10. 17487/ RFC8453, August 2018,
<https://ww.rfc-editor.org/info/rfc8453>.

[ RFC8751] Dhody, D., Lee, Y., Ceccarelli, D., Shin,

and D. King,

"Hi erarchical Stateful Path Conputation El enent (PCE)",

RFC 8751, DO 10. 17487/ RFC8751, March 2020,

<https://www.rfc-editor.org/info/rfc8751>.

[ RFC9552] Talaulikar, K, Ed., "Distribution of Link-State and

Traffic Engi neering |Information Using BG,

DO 10.17487/ RFC9552, Decenber 20283,
<https://ww.rfc-editor.org/info/rfc9552>.

Aut hors’ Addr esses

Yang Zhao
Chi na Mbile
Emai | : zhaoyangyj y@hi nanobi | e. com

Dani el e Ceccarelli

Cisco

Enmail: daniele.ietf@mail.com
Xi ao Li

Huawei Technol ogi es Co., Ltd.
Emai | : |ixi aoc33@uawei . com

Bi n Yeong Yoon
ETRI
Emai | : byyun@tri.re. kr

Adrian Farrel
A d Dog Consulting
Enai | : adri an@l ddog. co. uk

Zhao, et al. Expi res 11 August 2026

RFC 9552,

[ Page 12]



