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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). Traditionally, this TED has been obtained froma
link state (LS) routing protocol supporting the traffic engineering
ext ensi ons.

Thi s docunent extends the Path Conputation El enent Conmmuni cati on
Protocol (PCEP) with Link-State and TE Informati on as an experi nment al
extension to all ow gathering nore depl oynent and i nplenmentation

f eedback on the use of PCEP in this way.

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

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 nmay 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 17 April 2026.
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1. Introduction

In Multiprotocol Label Sw tching (MPLS) and Generalized MPLS (GVPLS)
a Traffic Engineering Database (TED) is used in conputing paths for
connection-oriented packet services and for circuits. The TED
contains all the relevant information that a Path Conputation El enent
(PCE) needs to performits conputations. The TED nust be ’'conplete
and accurate’ each time the PCE perforns a path conputation

In MPLS and GWPLS, Interior Gateway Protocols (1GPs) have been used

to create and maintain a copy of the TED at each node running the
IGP. One of the benefits of the PCE architecture [RFC4655] is the
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use of conputationally nore sophisticated path conputation al gorithns
and the realization that these may need enhanced processing power
(not necessarily avail able at each node).

Section 4.3 of [ RFC4655] describes the potential |oad of the TED on a
net wor k node and proposes an architecture where the TED i s nai ntai ned
by the PCE rather than the network nodes. However, it does not
descri be how a PCE woul d obtain the informati on needed to popul ate
its TED. PCE may construct its TED by participating in the IGP

([ RFC3630] and [ RFC5305] for MPLS-TE; [RFC4203] and [ RFC5307] for
GWLS). An alternative nmechanismis offered by BGP-LS [ RFC9552]

[ RFC8231] describes a set of extensions to PCEP to provide statefu
control. A stateful PCE has access to not only the information
carried by the network’s 1 GP, but also the set of active paths and
their reserved resources for its conputations. Path Conputation
Client (PCC) can delegate the rights to nodify the LSP paraneters to
an Active Stateful PCE. This requires PCE to quickly be updated on
any changes in the topol ogy/ TED, so that PCE can nmeet the need for
updating LSPs effectively and in a tinmely manner. The fastest way
for a PCE to be updated on TED changes is via a direct session with
each network node and with an increnental update from each network
node with only the attributes that get nodified.

[ RFC8281] describes the setup, maintenance, and teardown of PCE-
initiated LSPs under the stateful PCE nodel, w thout the need for

| ocal configuration on the PCC, thus allowing for a dynam c network
that is centrally controlled and depl oyed. This nodel requires
tinmely topology and TED updates at the PCE

[ RFC5440] describes the specifications for the Path Conputation

El ement Conmmuni cation Protocol (PCEP). PCEP specifies the

communi cati on between a PCC and a PCE, or between two PCEs based on
the PCE architecture [ RFC4655].

Thi s docunment describes how link-state and TE i nformati on can be

coll ected from networks and shared with PCE using the PCEP itself.
This is achi eved using a new PCEP nessage format. The mechanismis
appl i cable to physical and virtual links as well as further subjected
to various policies. This docunent is designated as "experinental"
to allow for the collection of nore deploynent and i nplenmentation
information regarding the use of PCEP for learning link state and
traffic engineering (TE) topology information before attenpting to
standardize it (see Section 1.1).

A network node nmi ntains one or nore databases for storing |link-state

and TE i nformati on about nodes and |links in any given area. Link
attributes stored in these databases include: local/renote |IP
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addresses, local/remote interface identifiers, link metric, and TE
metric, |ink bandw dth, reservable bandw dth, per CoS class
reservation state, preenption, and Shared Ri sk Link G oups (SRLG.
The node’s PCEP process can retrieve topol ogy fromthese databases
and distribute it to a PCE, either directly or via another PCEP
Speaker, using the encoding specified in this docunent.

Furt her [ RFC6805] describes Hierarchical -PCE architecture, where a
Parent PCE maintains a domain topology map. To build this domain
topol ogy map, the Child PCE can carry the border nodes and inter-
domain link information to the Parent PCE using the mechani sm
described in this docunent. Further, as described in [ RFC8637], the
Child PCE can also transport abstract Link-State and TE information
froma Child PCE to a Parent PCE using the mechani sm described in
this document to build an abstract topol ogy at the Parent PCE

[ RFC8231] describes LSP state synchronization between PCCs and PCEs
in the case of stateful PCE. This docunent does not nmake any changes
to the LSP state synchronization process. The nechani sm described in
this document is on top of the existing LSP state synchronization

1.1. Scope of the Experinent

The procedures described in this document are experinmental. The
experinent is intended to enable research on the usage of PCEP to
popul ate the Link-State and TE Information froma PCC to the PCE
For this purpose, this document specifies a new PCEP nmessage, a new
PCEP obj ect, and new TLVs.

The new nessage i ntroduced by this docunment will not be understood by
| egacy inplenentations. On receiving the nessage, a | egacy

i mpl ementation will behave according to the rules for an unknown
message as per [RFC5440]. It is assunmed that this experiment will be
conducted only when both the PCE and PCC formpart of the experinent.
It is possible that a PCC or PCE can operate with peers, sone of
which formpart of the experinent and sone that do not. In this
case, the capability exchange required before using this extension
woul d take care of the msmatch. A PCEP speaker that offers this
feature to its peer that does not support or does not wi sh to support
the feature will not receive the indication of support in the Open
message, and so is expected not to use the feature. Thus, this
experinmentati on woul d not clash with or cause harmto existing

depl oynents. Further, since a PCEP speaker woul d use the new nmessage
only after capability exchange, there is no danger of this
experinentation "escaping"” to the wider Internet. A PCEP speaker
that receives the new nmessage (that is part of the feature when the
use of the feature has not been agreed upon) will send an error
message as described in Section 6.9 of [ RFC5440]. A PCEP speaker
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that receives the new object that is part of the feature when the use
of the feature has not been agreed, it will send an error nessage as
described in Section 7.2 of [RFC5440].

1.1.1. Evaluation of the Experinent
For every inplenentation of this feature, the information as per
[ RFC7942] is collected and maintained in the Wrking Goup (W9 w ki
[WKIT.

For every deploynment of this feature, the following information is
collected and maintained in the wiki[WKI]:

*  Network Type

* Network Underlying Technol ogy

* Network Size (nodes and |inks)

* Nunber of PCEP sessions with the feature enabl ed

*  Nunber of paths in Stateful PCE

* The main reason for using this feature via PCEP over others
* Any chal | enges (depl oyment, managenent, scalability...)

The information can al so be shared directly with the Ws chairs who
can anonym se the deploynent information if needed.

The experiment will end three years after the RFC is published. At
that point, the Ws will determ ne how wi dely this has been

i mpl ement ed and depl oyed. The WG will evaluate the success of this
feature by conparing its applicability in various deploynments in
conparison to existing nechani sns. Key considerations include

whet her the feature adversely affects the perfornance of the PCE and
if it is scalable. The Wrking Goup will also nmonitor for any
issues related to the inplenmentation, deploynment, and nanagement of
the feature.

When the results of inplenentation and depl oynent are available, this

docunent (or part thereof) will be updated and refined, and then it
could be noved from Experinmental to Standards Track.
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1.2. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capitals, as shown here

2. Term nol ogy
The term nology is as per [RFC4655] and [ RFC5440].

3. Applicability
The nmechani smspecified in this draft is applicable to depl oynents:

* \Were there is no | GP or BGP-LS running in the network.

* Where there is no IG? or BGP-LS running at the PCE to |earn |ink-
state and TE i nformati on.

* \Were there is |G or BGP-LS running, but with a need for a faster
and direct TE and link-state popul ati on and convergence at the

PCE.

- A PCE may receive partial information (say, basic TE, |ink-
state) from I GP and other information (optical and inpairment)
from PCEP.

- A PCE nmay receive an increnental update (as opposed to the ful
(entire) information of the node/link).

- A PCE may receive full information from both existing
mechani sns (1 GP or BGP-LS) and PCEP

* \Were there is a need for transporting (abstract) Link-State and
TE information fromChild PCE to a Parent PCE in H PCE [ RFC6805] ;
as well as for Provisioning Network Controller (PNC) to Multi-
Domai n Servi ce Coordi nator (MDSC) in Abstraction and Control of TE
Net wor ks (ACTN) [ RFC8453].

* \Were there is an existing PCEP session between all the nodes and
the PCE-based central controller (PCECC) [RFC8283], and the
operator would like to use PCEP as a direct southbound interface
to all the nodes in the network. This enables the operator to use
PCEP as a single direct protocol between the controller and al
the nodes in the network. 1In this node, all nodes send only the
| ocal information.
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Based on the local policy and depl oynent scenario, a PCC chooses to
send only local information or both | ocal and renote | earned
informati on. How a PCE manages the link-state (and TE) information
is inplenmentation-specific and thus out of the scope of this
docunent .

The prefix information in PCEP-LS can also help in determ ning the
domai n of the tunnel destination in the H PCE (and ACTN) scenari o.
Section 4.5 of [RFC6805] describes various nmechani sns and procedures
that m ght be used. PCEP-LS provides a sinple nechanismto exchange
this information within PCEP.

[ RFC8453] defines three types of topology abstraction - (1) Native/
Wi te Topol ogy; (2) Black Topol ogy; and (3) Gey Topol ogy. Based on
the I ocal policy, the PNC (or Child PCE) would share the domain

topol ogy with the MDSC (or Parent PCE) based on the abstraction type.
The protocol extensions defined in this docunent can carry any type
of topol ogy abstraction

4. Requirenents for PCEP Extensions

The foll owi ng key requirenents associated with link-state (and TE)
distribution are identified for PCEP:

1. The PCEP speaker supporting this draft MJST have a nechanismto
advertise the Link-State (and TE) distribution capability.

2. PCC supporting this draft MJST have the capability to report the
link-state (and TE) information to the PCE. This MJST incl ude
self-originated (local) information and MAY al so all ow renote
information | earned via routing protocols. PCC MIST be capabl e
of doing the initial bulk sync at the tine of session
initialization as well as any changes thereafter

3. A PCE MAY learn link-state (and TE) from PCEP as well as from
exi sting mechani snms |ike | GP/BGP-LS. PCEP extensions MIST have a
mechanismto correlate the information | earned via other neans.
There MUST NOT be any changes to the existing link-state (and TE)
popul ati on mechani smvia | G/ BG-LS. PCEP extension SHOULD keep
the properties in a protocol (IGP or BGP-LS) neutral way, such
that an inpl enentation need not know about any OSPF or IS-IS or
BGP- LS protocol specifics

4. 1t SHOULD be possible to encode only the changes in |link-state

(and TE) properties (after the initial sync) in the PCEP
messages. This leads to faster convergence.
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5.

6.

6.

5.  The sanme nechani sm SHOULD be used for both MPLS TE as well as
GWLS, optical, and inpairment-aware properties.

6. The sanme mechani sm SHOULD be used for PCE to PCE Link-state (and
TE) synchroni zati on.

New Functions to distribute link-state (and TE) via PCEP

Several new functions are required in PCEP to support distribution of
link-state (and TE) information. A function can be initiated either
froma PCC towards a PCE (C-E) or froma PCE towards a PCC (E-C).

The new functions are:

* Capability advertisement (E-C CE): both the PCC and the PCE MJST
announce during the PCEP session establishnment that they support
PCEP extensions for the distribution of link-state (and TE)
informati on defined in this document.

* Link-State (and TE) synchronization (C-E): after the session
between the PCC and a PCE is initialized, the PCE must |earn Link-
State (and TE) information before it can perform path
conputations. In the case of stateful PCE, it is RECOVMENDED t hat
this operation be done before LSP state synchroni zation.

* Link-State (and TE) Report (C-E): a PCC sends an LS (and TE)
report to a PCE whenever the Link-State and TE information
changes.

Overvi ew of Extensions to PCEP
1. New Messages

In this docunment, we define a new PCEP nessage called LS Report
(LSRpt), a PCEP nessage sent by a PCCto a PCE to report link-state
(and TE) information. Each LS Report in an LSRpt nessage can contain
the node or link properties. A unique PCEP-specific LS identifier
(LS-ID) is also carried in the message to identify a node or a link
that remains constant for the lifetime of a PCEP session. This
identifier onits own is sufficient when no IGP or BGP-LS running in
the network for PCE to learn link-state (and TE) information. In
case PCE | earns sone information from PCEP and sone fromthe existing
mechani sm the PCC SHOULD i ncl ude the mapping of | GP or BGP-LS
identifier to map the information popul ated via PCEP with | GP/ BGP- LS.
See Section 8.1 for details.
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6.2. Capability Advertisenent

During the PCEP Initialization Phase, PCEP Speakers (PCE or PCC)
advertise their support of LS (and TE) distribution via PCEP
extensions. A PCEP Speaker includes the "LS Capability" TLV,
described in Section 9.2.1, in the OPEN Object to advertise its
support for PCEP-LS extensions. The presence of the LS Capability
TLV in PCC s OPEN hject indicates that the PCCis willing to send LS

Reports with local link-state (and TE) information. The presence of
the LS Capability TLV in PCE s Open nessage indicates that the PCE is
interested in receiving LS Reports with local |ink-state (and TE)

i nformation.

The PCEP extensions for LS (and TE) distribution MJST NOT be used if
one or both PCEP Speakers have not included the LS Capability TLV in
their respective OPEN nessage. |If the PCE supports the extensions
defined in this docunment but does not advertise this capability, then
upon recei pt of an LSRpt nessage fromthe PCC, it SHOULD generate a
PCErr with error-type 19 (lnvalid Operation), error-value TBDl1
(Attenmpted LS Report if LS capability was not advertised) and it wll
term nate the PCEP session

The LS reports sent by PCC MAY carry the renote |ink-state (and TE)
information | earned via existing nmeans like |GP and BGP-LS only if
bot h PCEP Speakers set the R (renote) Flag in the "LS Capability" TLV
to "Renote Allowed (R Flag = 1)’. If this is not the case, and LS
reports carry renote link-state (and TE) information, then a PCErr
with error-type 19 (lnvalid Operation) and error-val ue TBDl
(Attempted LS Report if LS renpote capability was not advertised) and
it will term nate the PCEP session

6.3. Initial Link-State (and TE) Synchroni zati on

The purpose of LS Synchronization is to provide a checkpoint-in-tine
state replica of a PCCs link-state (and TE) database in a PCE
State Synchronization is performed i nmedi ately after the
Initialization phase (see [ RFC5440]). |In the case of stateful PCE
([RFCB231]) it is RECOWENDED that the LS synchronization should be
done before LSP state synchronization

During LS Synchronization, a PCC first takes a snapshot of the state
of its database, then sends the snapshot to a PCE in a sequence of LS
Reports. Each LS Report sent during LS Synchronization has the SYNC
Flag in the LS Object set to 1. The end of synchronization marker is
an LSRpt nessage with the SYNC Flag set to O for an LS Object with
LS-1D equal to the reserved value 0. [|f the PCC has no link-state to
synchronize, it will only send the end of synchronization marker.
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Either the PCE or the PCC MAY term nate the session using the PCEP
session term nation procedures during the synchronizati on phase. |If
the session is termnated, the PCE MIUST clean up the state it
received fromthis PCC. The session re-establishment MJST be re-
attenpted per the procedures defined in [ RFC5440], including the use
of a back-off tinmer.

If the PCC encounters a problemwhich prevents it from conpleting the
LS synchroni zation, it MJST send a PCErr nessage with error-type TBD2
(LS Synchronization Error) and error-value 2 (indicating an internal
PCC error) to the PCE and terninate the session.

The PCE does not send positive acknow edgenments for properly received
LS synchroni zati on messages. It MJIST respond with a PCErr nessage
with error-type TBD2 (LS Synchronization Error) and error-value 1
(indicating an error in processing the LSRpt) if it encounters a
problemwith the LS Report it received fromthe PCC and it MJST

term nate the session.

The LS reports can carry local as well as renote link-state (and TE)
i nformati on depending on the Rflag in the LS capability TLV.

The successful LS Synchronization sequence is shown in Figure 1.

+-4+- 4+ -t
|P | PCE|
+- +- + +- +- +
I
|----- LSRpt, SYNC=1----- >| (Sync start)
I
[----- LSRpt, SYNC=1----- >|
| . I
| |
|- LSRpt, SYNC=1----- >|
I : I
I I
| |
| ----- LSRpt, SYNC=0----- >| (End of sync marker
| | LS Report
| | for LS-1D=0)
| | (Sync done)

Figure 1: Successful LS synchronization

The sequence where the PCE fails during the LS Synchronization phase
is shown in Figure 2.
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+- +- + +- +- +
| PCC | PCE|
+- +- + +- +- +
I I
|----- LSRpt, SYNC=1----- >|
I I
|----- LSRpt, SYNC=1----- >|
I : I
| |
|- LSRpt, SYNC=1----- >|
I I
| - - - LSRpt, SYNC=1 |
| \ ,-PCErr---|
I \ o I
I \/ I
I I\ I
| / feeeaao-- >| (I gnored)
ESEREEEES | |

Figure 2: Failed LS synchronization (PCE failure)

Cct ober 2025

The sequence where the PCC fails during the LS Synchronization phase
is shown in Figure 3.

+- +- + +- +- +
| PCC] | PCE|
+- +- + +- +- +
I I
[----- LSRpt, SYNC=1----- >|
I I
[ ----- LSRpt, SYNC=1----- >|
I : I
I I
I : I
[-------- PCErr--------- >|

Figure 3: Failed LS synchronization (PCC failure)

6. 3. 1.

Optim zations for

LS Synchroni zati on

These optim zations are described in
[1-D. kondreddy- pce-pcep-Is-sync-optim zations].

Dhody, et al.
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6.4. LS Report

8.

1.

The PCC MUST report any changes in the link-state (and TE)
information to the PCE by sending an LS Report carried on an LSRpt
message to the PCE. Each node and Link would be uniquely identified
by a PCEP LS identifier (LS-1D). The LS reports nay carry |ocal as
well as remote link-state (and TE) information depending on the R
flag in LS capability TLV. It MAY also include the mapping of IGP or
BGP-LS identifier to map the information popul ated via PCEP with | GP/
BGP-LS identifiers

More details about the LSRpt nessage are in Section 8.1
Transport

A permanent PCEP session (section 4.2.8 of [RFC5440]) MJST be

est abl i shed between a PCE and PCC supporting link-state (and TE)
distribution via PCEP. In the case of session failure, session re-
establishnent is re-attenpted as per the procedures defined in

[ RFC5440] .

PCEP Messages

As defined in [ RFC5440], a PCEP nessage consists of a common header
foll owed by a vari abl e-1ength body nade of a set of objects that can
be either mandatory or optional. An object is said to be mandatory
in a PCEP nessage, when the object nust be included for the nmessage
to be considered valid. For each PCEP nessage type, a set of rules
is defined that specifies the set of objects that the nessage can
carry. An inplenmentation MJUST formthe PCEP nessages using the

obj ect ordering specified in this docunent.

LS Report Message

A PCEP LS Report nessage (also referred to as LSRpt nessage) is a
PCEP nessage sent by a PCCto a PCE to report the link-state (and TE)
informati on. An LSRpt nessage can carry nore than one LS Reports (LS
object). The Message-Type field of the PCEP common header for the
LSRpt message is set to [ TBD3].

The format of the LSRpt nessage is as foll ows:

<LSRpt Message> ::= <Conmon Header >
<l s-report-list>
VWher e:
<Is-report-list> ::= <LS>[<ls-report-1list>]
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The LS object is a nandatory object that carries LS information of a
node/prefix or a link. Each LS object has a unique LS-1D as
described in Section 9.3. |If the LS object is mssing, the receiving
PCE MUST send a PCErr nessage with Error-type=6 (Mandatory Object

m ssing) and Error-val ue=[ TBD4] (LS object m ssing).

A PCE may choose to inplement a limt on the LS information of a
singl e PCC can populate. |If an LSRpt is received that causes the PCE
to exceed this limt, it MIJST send a PCErr nmessage with error-type 19
(invalid operation) and error-value 4 (indicating resource limt
exceeded) in response to the LSRpt nessage triggering this condition
and SHOULD term nate the session

8.2. The PCErr Message
If a PCEP speaker has advertised the LS capability on the PCEP
session, the PCErr nessage MAY include the LS object. [If the error
reported is the result of an LS report, then the LS-1D nunber MJST be
the one fromthe LSRpt that triggered the error
The format of a PCErr nessage from [ RFC5440] is extended as foll ows:
<PCErr Message> ::= <Common Header >
( <error-obj-list> [<Qpen>] ) | <error>
[<error-list>]
<error-obj-list>::=<PCEP- ERROR>[ <error-obj-1list>]

<error>::=[<request-id-list> | <ls-id-list>]
<error-obj-list>

<request-id-list>:=<RP>[<request-id-list>]
<Is-id-list> :=<LS>[<ls-id-list>]
<error-list>:=<error>[<error-list>]

9. (Objects and TLV
The PCEP objects defined in this docunent are conpliant with the PCEP
object format defined in [ RFC5440]. The P flag and the | flag of the
PCEP obj ects defined in this docunent MJST al ways be set to 0 on

transm ssi on and MJST be ignored on receipt since these flags are
exclusively related to path conputation requests.
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9.1. TLV For mat

The TLV and the sub-TLV format (and padding) in this document are as
per section 7.1 of [RFC5440].

9.2. Open bject
Thi s docunent defines a new optional TLV for use in the OPEN (bject.
9.2.1. LS Capability TLV

The LS-CAPABILITY TLV is an optional TLV for use in the OPEN (Object
for link-state (and TE) distribution via PCEP capability
advertisenent. |Its format is shown in the follow ng figure:

0 1 2 3
01234567890123456789012345678901
o g S T S S T A S S
| Type=[ TBD5] | Lengt h=4 |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Fl ags | R

B T S i T s i i e e SEI S
The type of the TLV is [TBD5] and it has a fixed length of 4 octets.
The val ue conprises a single field - Flags (32 bits):

* R (renote allowed - 1 bit): if set to 1 by a PCC, the R Fl ag
i ndicates that the PCC allows the reporting of renote LS
information | earned via other nmeans like |G and BCGP-LS; if set to
1 by a PCE, the R Flag indicates that the PCE is capabl e of
receiving renote LS information (fromthe PCC point of view). The
R Fl ag nust be advertised by both PCC and PCE for LSRpt nessages
to report renote as well as local LS information on a PCEP
session. The TLVs related to the |1 GP/BGP-LS identifier MJST be
encoded when both PCEP speakers have the R Flag set.

Unassi gned bits are considered reserved. They MJST be set to 0 on
transm ssi on and MJST be ignored on receipt.

Advertisenment of the LS capability inplies support of local |ink-

state (and TE) distribution, as well as the objects, TLVs and
procedures defined in this docunent.
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9.3. LS Object

The LS (link-state) object MJST be carried within LSRpt nessages and
MAY be carried within PCErr nessages. The LS object contains a set
of fields used to specify the target node or link. It also contains
a flag indicating to a PCE that the LS synchronization is in
progress. The TLVs used with the LS object correlate with the | G/
BGP- LS encodi ngs.

LS nject-C ass is TBD6.

Four Obj ect-Type values are defined for the LS object so far:
* LS Node: LS bject-Type is 1.

* LS Link: LS oject-Type is 2.

* LS I Pv4 Topol ogy Prefix: LS Object-Type is 3.

* LS I Pv6 Topol ogy Prefix: LS Object-Type is 4.

The format of all types of LS objects are as foll ows:

0 1 2 3

01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| Protocol-1D | Fl ag | R S|
el i I e i it T e e e e i i T o S e e S e T R R
| LS-ID |
I+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-|+
Il TLVs Il
| |

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

Protocol -1 D (8-bit): The field provides the source information. The
protocol could be an | GP, BGP-LS, or an abstraction algorithm In
case the PCC only provides |local information of the PCC, it MJST use
Protocol -1 D as Direct. The follow ng values are defined (1-6 are
same as [ RFC9552]):
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| 1S-1S Level 1 |
| IS 1S Level 2 |
| OSPFv2 |
| Direct |
| Static configuration |
| OSPFv3 |
| BGP I
| RSVP-TE |
| Unassi gned |
| PCEP |
| Abstraction |

PPRPOO~NOOPRWNE

Flags (24-bit):

* S (SYNC- 1 bit): the S Flag MIST be set to 1 on each LSRpt sent
froma PCC during LS Synchronization. The S Flag MJST be set to O
in other LSRpt nessages sent fromthe PCC.

* R (Renmove - 1 bit): On LSRpt nessages, the R Flag indicates that
the node/link/prefix has been renmoved fromthe PCC and the PCE
SHOULD renove fromits database. Upon receiving an LS Report with
the R Flag set to 1, the PCE SHOULD remove all state for the
node/link/prefix identified by the LS Identifiers fromits
dat abase.

LS-I1D(64-bit): A PCEP-specific identifier for the node, link, or
prefix information. A PCC creates a unique LS-1D for each node/link/
prefix that is constant for the lifetine of a PCEP session. The PCC
will advertise the sane LS-1D on all PCEP sessions it maintains at a
given time. Al subsequent PCEP nessages then address the node/link/
prefix by the LS-ID. The values of 0 and OxFFFFFFFFFFFFFFFF are
reserved.

Unassi gned bits are considered reserved. They MJST be set to 0 on
transm ssi on and MJST be ignored on receipt.

TLVs that nmay be included in the LS Ohject are described in the
foll owi ng sections.
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9.3.1. Routing Universe TLV

In the case of renote link-state (and TE) popul ati on when exi sting

| GP/BGP-LS are al so used, OSPF and IS-1S may run nultiple routing
protocol instances over the sane |ink as described in [ RFC9552]. See
[ RFC8202] and [RFC6549] for nore information. These instances define
an i ndependent "routing universe". The 64-bit 'ldentifier’ fieldis
used to identify the "routing universe" where the LS object bel ongs
(same as Instance-1D in [RFC9552].) The LS objects representing |IGP
obj ects (nodes, links, or prefixes) fromthe sanme routing universe
MUST have the same 'Identifier’ value; LS objects with different
"ldentifier’ values MJST be considered to be fromdifferent routing
uni ver ses.

The format of the optional ROUTI NG UNI VERSE TLV is shown in the
followi ng figure:

0 1 2 3

01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| Type=[ TBD7] | Lengt h=8 |
el i I e i it T e e e e i i T o S e e S e T R R
| I dentifier |

I T S S S e S S S S S Sup S Sup S S S

The below table lists the "ldentifier’ values that are defined as
wel | -known in this draft (sanme as [ RFC9552]).

e Y +
| Identifier | Routing Universe |
S o +
| 0 | Default Layer 3 Routing topology |
Fom e m oo - - oo e e e e e e e e e oo - oo +

If this TLV is not present the default value 0 is assuned.
9.3.2. Route Distinguisher TLV

To allow identification of VPN link, node, and prefix information in
PCEP- LS, a Route Distinguisher (RD) [ RFC4364] is used. The LS
objects fromthe same VPN MUST have the sane RD, LS objects with
different RD val ues MJST be considered to be fromdifferent VPNs.

The ROUTE- DI STI NGUI SHER TLV is defined in [RFC9168] as a Fl ow
Specification TLVs with a separate registry. This docunent al so adds
t he ROUTE- DI STI NGUI SHER TLV with TBD15 in the PCEP TLV registry to be
used inside the LS object.
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9.3.3. Virtual Network TLV

To realize ACTN, the MDSC needs to build a nulti-domain topol ogy.
This topology is best served if this is an abstract view of the
under | yi ng network resources of each domamin. It is also inportant to
provide a custoner view of the network slice for each custoner.

There is a need to control the level of abstraction based on the

depl oynent scenari o and business rel ati onship between the
controllers.

Virtual service coordination function in ACTN i ncorporates the
customer service-related know edge of the virtual network operations
in order to seanl essly operate virtual networks while neeting
custonmer’s service requirenments. [I-D.ietf-teas-actn-requirenents]
describes various VN operations initiated by a customner/application
In this context, there is a need for associating the abstracted |ink-
state and TE topology with a VN "construct" to facilitate VN
operations in PCE architecture.

VI RTUAL- NETWORK- TLV as per [RFC9358] can be included in the LS object
to identify the link, node, and prefix information belongs to a
particul ar VN

9.3.4. Local Node Descriptors TLV

As described in [ RFC9552], each link is anchored by a pair of Router-
IDs that are used by the underlying I GP, nanmely, 48-bit 1SO System|D
for 1S-1S and 32-bit Router-ID for OSPFv2 and OSPFv3. | n case of
additional auxiliary Router-1Ds used for TE, these MJST al so be
included in the link attribute TLV (see Section 9.3.9.2).

It is desirable that the Router-1D assignnents inside the Node
Descriptors TLV are globally unique. Some considerations for
gl obal I y uni que Node/Link/Prefix identifiers are described in
[ RFC9552] .

The Local Node Descriptors TLV contains Node Descriptors for the node
anchoring the local end of the link. This TLV MJST be included in
the LS Report when during a given PCEP session a node/link/prefix is
first reported to a PCEE A PCC sends to a PCE the first LS Report
either during the State Synchroni zati on, or when a new node/link/
prefix is learned at the PCC. The value contains one or nore Node
Descri ptor Sub-TLVs, which allows the specification of a flexible key
for any given node/link/prefix information such that the gl oba

uni queness of the node/link/prefix is ensured.

This TLV is applicable for all LS bject-Type.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=[ TBD8] | Length |
i i i T i I S i e s o o i i
I I
/1 Node Descriptor Sub-TLVs (vari abl e) /1

T S S S T S S S S it S S SEp DI S S

The val ue contains one or nore Node Descriptor Sub-TLVs defined in
Section 9. 3. 6.

9.3.5. Renpte Node Descriptors TLV

The Renote Node Descriptors contain Node Descriptors for the node
anchoring the renote end of the link. This TLV MJUST be included in
the LS Report when during a given PCEP session, a link is first
reported to a PCE. A PCC sends to a PCE the first LS Report either
during the State Synchronization, or when a new link is | earned at
the PCC. The length of this TLV is variable. The value contains one
or nmore Node Descriptor Sub-TLVs defined in Section 9. 3.6.

This TLV is applicable for LS Link Object-Type.

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type=[ TBD9] | Lengt h |
i e R e e i i e i st S N S
I I
/1 Node Descri ptor Sub-TLVs (vari abl e) /1

B T S i T s i i e e SEI S
9.3.6. Node Descriptors Sub-TLVs

The Node Descriptors TLV (Local and Renote) carries one or nore Node
Descri ptor Sub-TLV followi ng the format of all PCEP TLVs as defined
in [ RFC5440], however, the Type values are selected froma new PCEP-
LS sub-TLV I ANA registry (see Section 13.6).

Type val ues are chosen so that there can be comonality with BGP-LS
[ RFC9552]. This is possible because the "BGP-LS Node Descri ptor,

Li nk Descriptor, Prefix Descriptor, and Attribute TLVS" registry
mar ks 0-255 as reserved. Thus the space of the sub-TLV val ues for
the Type field can be partitioned as shown bel ow -
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[ RFC9552] .
Not to be allocated in this registry.

Range |
............... o 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 e m e e = =
0 | Reserved - nust not be all ocated.
I
1 255 | New PCEP sub-TLV al |l ocated according to the
| registry defined in this docunent.
I
256 .. 65535 | Per BGP registry defined by
I
I

Al'l Node Descriptors TLVs defined for BGP-LS can then be used with
PCEP-LS as well. One new PCEP sub-TLVs for Node Descriptor are
defined in this docunent.

TS o e e e e oo TS S +
| Sub-TLV | Description | Length | Val ue defined in|
S o e e oo s S o a o +
| 24 | SPEAKER-ENTITY-1D | Variable | [RFC8232] |
Fomm oo - o e e e e oo oo Fomm oo - oo o - +

A new sub-TLV type (24) is allocated for SPEAKER-ENTI TY-1D sub-TLV.
The I ength and value fields are as per [RFC8232].

9.3.7. Link Descriptors TLV

The Link Descriptors TLV contains Link Descriptors for each |ink.
This TLV MUST be included in the LS Report when during a gi ven PCEP
session, a link is first reported to a PCE. A PCC sends to a PCE the
first LS Report either during State Synchroni zation, or when a new
link is learned at the PCC. The length of this TLV is variable. The
val ue contains one or nore Link Descriptor Sub-TLVs.

The ' Link descriptor’ TLVs uniquely identify a link anong nmultiple
parall el links between a pair of anchor routers, simlar to
[ RFC9552] .

This TLV is applicable for LS Link Object-Type.

0 1 2 3

01234567890123456789012345678901
T S T i T T S e
| Type=[ TBD10] | Length |
s i S e i i T s S S T ol ST S e e

I I
/1 Li nk Descriptor Sub-TLVs (vari abl e) /1

T T S S e e i S S U S S AR Tk ok e
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Al'l Link Descriptors TLVs defined for BGP-LS can then be used with
PCEP-LS as well. No new PCEP sub-TLVs for Link Descriptor are
defined in this docunent.

The format and semantics of the 'value’ fields in npst 'Link
Descriptor’ sub-TLVs correspond to the format and senantics of the
value fields in IS-1S Extended | S Reachability sub-TLVs, defined in

[ RFC5305], [RFC5307] and [RFC6119]. Although the encodings for ’Link
Descriptor’ TLVs were originally defined for 1S-1S, the TLVs can
carry data sourced by IS-1S, OSPF, or direct.

The information about a link present in the LSA/LSP originated by the
| ocal node of the Iink determ nes the set of sub-TLVs in the Link
Descriptor of the link as described in [ RFC9552].

9.3.8. Prefix Descriptors TLV

The Prefix Descriptors TLV contains Prefix Descriptors that uniquely
identify an 1Pv4 or I Pv6 Prefix originated by a Node. This TLV MJST
be included in the LS Report when during a given PCEP session a
prefix is first reported to a PCEE A PCC sends to a PCE the first LS
Report either during the State Synchronization, or when a new prefix
is learned at the PCC. The length of this TLV is vari abl e.

This TLV is applicable for LS Prefix Cbject-Types for both |IPv4 and
| Pv6.

0 1 2 3

01234567890123456789012345678901
i I s I i i S SR S S S
| Type=[ TBD11] | Length |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| |
/1 Prefix Descriptor Sub-TLVs (vari abl e) /1
I I

i e R i e i i i e i i St S N e S
Al'l Prefix Descriptors TLVs defined for BGP-LS can then be used with
PCEP-LS as well. No new PCEP sub-TLVs for Prefix Descriptor are
defined in this docunent.

9.3.9. PCEP-LS Attributes

9.3.9.1. Node Attributes TLV

This is an optional attribute that is used to carry node attri butes.
This TLV is applicable for LS Node Ohject- Type.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=[ TBD12] | Length |
R e s T o T S R El ok i R e e S S e o o s
I I
/1 Node Attributes Sub-TLVs (vari abl e) /1
I I

T S S S T S S S S it S S SEp DI S S

Al Node Attributes TLVs defined for BGP-LS can then be used with
PCEP-LS as well. No new PCEP sub-TLVs for Node Attributes are
defined in this docunent.

9.3.9.2. Link Attributes TLV

This TLV is applicable for LS Link Object-Type. The fornmat and
semantics of the 'value' fields in some 'Link Attribute sub-TLVs
correspond to the format and semantics of the 'value fields in IS 1S
Extended | S Reachability sub-TLVs, defined in [ RFC5305], [RFC5307]

and [ RFC9552]. Although the encodings for ’'Link Attribute’ TLVs were
originally defined for 1S-1S, the TLVs can carry data sourced by |S-
I'S, OSPF, or direct.

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=[ TBD13] | Length |
R e s T o T S R El ok i R e e S S e o o s
I I
/1 Link Attributes Sub-TLVs (vari abl e) /1
I I

T S S S T S S S S it S S SEp DI S S

Al Link Attributes TLVs defined for BGP-LS can then be used with
PCEP-LS as well. No new PCEP sub-TLVs for Link Attributes are
defined in this docunent.

9.3.9.3. Prefix Attributes TLV

This TLV is applicable for LS Prefix Object-Types for both |IPv4 and
I Pv6. Prefixes are learned fromthe I1G (1S 1S or OSPF) or BGP
topology with a set of IGP attributes (such as netrics, route tags,
etc.). This section describes the different attributes related to
the 1Pv4/1Pv6 prefixes. Prefix Attributes TLVs SHOULD be encoded in
the LS Prefix Ohject.
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=[ TBD14] | Length |
i i i T i I S i e s o o i i
I I
/1 Prefix Attributes Sub-TLVs (vari abl e) /1

T S S S T S S S S it S S SEp DI S S

Al Prefix Attributes TLVs defined for BG-LS can then be used with
PCEP-LS as well. No new PCEP sub-TLVs for Prefix Attributes are
defined in this docunent.

9. 3. 10. Renpval of an Attribute

10.

10.

11.

One of the key objectives of PCEP-LS is to encode and carry only the
i npacted attributes of a Node, a Link, or a Prefix. To accomodate
this requirement, in case of a renoval of an attribute, the sub-TLV
MUST be included with no "value’ field and length=0 to indicate that
the attribute is renoved. On receiving a sub-TLV with zero | ength,
the receiver renoves the attribute fromthe database. An absence of
a sub-TLV that was included earlier MJST be interpreted as no change.

O her Consi derations
1. I nter-AS Links

The main source of LS (and TE) information is the I GP, which is not
active on inter-AS links. |In sonme cases, the |IGP nay have
informati on of inter-AS links ([RFC5392], [RFC9346]). |In other
cases, an inplementation SHOULD provide a means to inject inter-AS
links into PCEP. The exact nechani smused to provision the inter-AS
links is outside the scope of this docunent.

Security Considerations

Thi s docunent extends PCEP for LS (and TE) distribution including a
new LSRpt nessage with a new object and TLVs. Procedures and
protocol extensions defined in this docunment do not affect the
overal|l PCEP security nodel. See [RFC5440], [RFC8253]. Tanpering
with the LSRpt nessage may have an effect on path conputations at
PCE. It also provides adversaries an opportunity to eavesdrop and
|l earn sensitive information and pl an sophisticated attacks on the
network infrastructure. The PCE inplenentati on SHOULD provi de
mechani sns to prevent strains created by network flaps and anmount of
LS (and TE) information. Thus it is suggested that any mechani sm
used for securing the transm ssion of other PCEP nessage be applied
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12.

12.

12.

here as well. As a general precaution, it is RECOMMENDED that these
PCEP extensions only are activated on authenticated and encrypted
sessions belonging to the same adm nistrative authority.

Further, as stated in [RFC6952], PCEP inplenentations SHOULD support
the TCP- AO [ RFC5925] and not use TCP MD5 because of TCP MD5' s knhown
vul nerabilities and weaknesses. PCEP al so support Transport Layer
Security (TLS) [ RFC8253] as per the recomendati ons and best current
practices in [ RFC9325].

Manageabi |l ity Consi derations
Al'l manageability requirements and considerations listed in [ RFC5440]

apply to PCEP protocol extensions defined in this document. In
addition, requirenents, and considerations listed in this section

appl y.
1. Control of Function and Policy

A PCE or PCC inplenmentation MJST all ow configuring the PCEP-LS
capabilities as described in this docunent.

A PCC i npl enentati on SHOULD al | ow configuration to suggest if renote
information | earned via routing protocols should be reported or not.

An i nmpl enentati on SHOULD al |l ow the operator to specify the maxi num
nunber of LS data to be reported.

An i npl enentati on SHOULD al so all ow the operator to create abstracted
topol ogies that are reported to the peers and create different
abstractions for different peers.

An i nmpl enentati on SHOULD al |l ow the operator to configure a 64-bit
identifier for Routing Universe TLW.

2. Information and Data Model s

An i nmpl enentati on SHOULD al | ow the operator to view the LS
capabilities advertised by each peer. To serve this purpose, the
PCEP YANG nodule [I-D.ietf-pce-pcep-yang] can be extended to include
advertised capabilities.

An i nmpl enentati on SHOULD al so provide the followi ng statistics:

* Total nunber of LSRpt sent/received, as well as per neighbour

*  Nunber of errors received for LSRpt, per nei ghbour
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12.

12.

12.

12.

13.

13.

* Total nunber of locally originated Link-State Information

These statistics should be recorded as absol ute counts since the
system or session start tinme. An inplenentation MAY al so enhance
this information by recordi ng peak per-second counts in each case.
An operator SHOULD define an inport policy to linmt inbound LSRpt to
"drop all LSRpt froma particular peer" as well as provide neans to
limt inbound LSRpts.

3. Liveness Detection and Mnitoring

Mechani sns defined in this docunent do not inply any new |iveness
detection and nonitoring requirenents in addition to those already
listed in [ RFC5440]".

4. Verify Correct Operations

Mechani sns defined in this docunent do not inply any new operation
verification requirenments in addition to those already listed in

[ RFC5440] .

5. Requirenents On O her Protocols

Mechani sns defined in this docunent do not inply any new requirenments
on ot her protocols.

6. Inpact On Network Operations

Mechani sns defined in this docunent do not have any inpact on the
network operations in addition to those already listed in [ RFC5440].

| ANA Consi der ations

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

1. PCEP Messages

| ANA created a registry for "PCEP Messages". Each PCEP nessage has a
message type value. This docunent defines a new PCEP nessage val ue.

Val ue Meani ng Ref er ence
TBD3 LSRpt [This I-D]
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13.2. PCEP (bjects

Thi s docunent defines the foll ow ng new PCEP Object-cl asses and
oj ect - val ues:

oj ect-C ass Value Nane Ref erence
TBD6 LS bj ect [This I-D
oj ect - Type=1
(LS Node)
oj ect - Type=2
(LS Link)
oj ect - Type=3
(LS 1'Pv4 Prefix)
hj ect - Type=4
(LS I Pv6 Prefix)

13.3. LS Object

Thi s docunent requests that a new sub-registry, named "LS Object
Protocol -1 D Field", is created within the "Path Conputation El enent
Prot ocol (PCEP) Nunbers" registry to manage the Flag field of the LSP
object. New values are to be assigned by "I ETF Review' [ RFC8126].

Val ue Meani ng Ref er ence
0 Reserved [This I-D
1 IS-1S Level 1 [This |-D
2 IS-1S Level 2 [This I-D
3 CSPFv2 [This I-D
4 Direct [This |-D
5 Static configuration [This I-D
6 CSPFv3 [This I-D
7 BGP [This I-D
8 RSVP- TE [This I-D
9 Unassi gned [This |-D
10 PCEP [This I-D
11 Abstraction [This I-D
12- 255 Unassi gned

Further, this docunent al so requests that a new sub-registry, naned
"LS Ohject Flag Field", is created within the "Path Conputation

El ement Protocol (PCEP) Nunbers" registry to manage the Flag field of
the LSP object. New values are to be assigned by "I ETF Revi ew'

[ RFC8126]. Each bit should be tracked with the follow ng qualities:

* Bit nunber (counting frombit O as the nost significant bit)

* Capability description
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* Defining RFC

The foll owi ng values are defined in this docunent:

Bit Description Ref erence
0-21 Unassi gned

22 R (Remove bit) [This I-D
23 S (Sync bit) [This |-D

13.4. PCEP-Error Ohject

I ANA is requested to make the following allocation in the "PCEP- ERROR
oj ect Error Types and Val ues" registry.

Error-Type Meani ng Ref er ence

6 Mandat ory Cbj ect m ssing [ RFC5440]
Error - Val ue=TBD4 [This |-D
(LS object m ssing)

19 Invalid Operation [ RFC8231]
Er r or - Val ue=TBD1 [This 1-D

(Attempted LS Report if LS
renote capability was not
adverti sed)

TBD2 LS Synchroni zation Error [This |-D
Error-Val ue=1
(An error in processing the
LSRpt )
Error-Val ue=2
(An internal PCC error)

13.5. PCEP TLV Type Indicators

I ANA is requested to nake the followi ng allocation in the "PCEP TLV
Type | ndicators" registry.

Val ue Meani ng Ref erence
TBD5 LS- CAPABI LI TY TLV [This I-D
TBD7 ROUTI NG UNI VERSE TLV [This I-D
TBD15 ROUTE- DI STI NGUI SHER TLV [This I-D
TBD8 Local Node Descriptors TLV [This |-D
TBD9 Renot e Node Descriptors TLV [This |-D
TBD10 Li nk Descriptors TLV [This |-D
TBD11 Prefix Descriptors TLV [This 1-D
TBD12 Node Attributes TLV [This I-D
TBD13 Link Attributes TLV [This |-D
TBD14 Prefix Attributes TLV [This |-D
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13.6. PCEP-LS Sub-TLV Type Indicators

Thi s docunent specifies the PCEP-LS Sub-TLVs. [1ANA is requested to
create a "PCEP-LS Sub-TLV Types" sub-registry for the sub-TLVs
carried in the PCEP-LS TLV (Local and Renote Node Descriptors TLV,
Li nk Descriptors TLV, Prefix Descriptors TLV, Node Attributes TLV,
Link Attributes TLV and Prefix Attributes TLV.

Al locations fromthis registry are to be made according to the
fol |l owi ng assi gnnent policies [ RFC8126]:

Usage mirrors the BGP-LS TLV registry
[ RFC9552]

Range | Assignnent policy
o | Reserved - must not be allocated.
1 251 } | ETF Revi ew
252 .. 255 I Experimental Use
256 65535 I Reserved - must not be all ocated.
|
I

I ANA is requested to pre-populate this registry with val ues defined
in this docunent as follows, taking the new values fromthe range 1
to 251:

Val ue | Meaning

24 | SPEAKER- ENTI TY-1D
14. TLV Code Poi nts Summary

This section contains the global table of all TLVs in the LS object,
defined in this docunent.
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15.

S e o Fom e +
| TLV | Description | Ref TLV | Val ue defined |
| | | | in: |
S o e e e e m oo oo S o e e e e oo +
TBD7 Rout i ng Uni verse -- Sec 9.2.1
TBD15 Rout e -- Sec 9.2.2

Di stingui sher
Virtual Network [ietf-pce-

vn- associ ati on]

I I I I I
I I I I I
I I I I I
I I I I I
| | | | |
| TBD8 | Local Node | 256 | [I-Dietf-idr- |
| | | | rfc7752bi s] |
| | Descriptors | | /3.2.1.2 |
| TBD9 | Renote Node | 257 | [1-Dietf-idr- |
| | | | rfc7752bi s] |
| | Descriptors | | /3.2.1.3 |
| TBD10 | Link Descriptors | -- | Sec 9.2.8 |
| TBD11 | Prefix Descriptors | -- | Sec 9.2.9 |
| TBD12 | Node Attributes | -- | Sec 9.2.10.1 |
| TBD13 | Link Attributes | -- | Sec 9.2.10.2 |
| TBD14 | Prefix Attributes | -- | Sec 9.2.10.3 |
R o e e e e e oo - T o e e e oo +

* this TLV is defined in a different PCEP docunent
Fi gure 4: TLV Tabl e
I mpl enent ati on Status
[Note to RFC Editor: Please renove this section.]

This section records the status of known inplenmentations of the
protocol defined by this specification at the time of posting of this
Internet-Draft, and is based on a proposal described in RFC 7942

The description of inplenentations in this section is intended to
assist the |ETF in its decision processes in progressing drafts to
RFCs. Please note that the listing of any individual inplenmentation
here does not inply endorsenment by the | ETF. Furthermore, no effort
has been spent to verify the information presented here that was
supplied by I ETF contributors. This is not intended as, and nust not
be construed to be, a catalog of available inplenentations or their
features. Readers are advised to note that other inplenentations may
exi st.
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15.

15.

According to RFC 7942, "this will allow revi ewers and worki ng groups
to assign due consideration to docunents that have the benefit of
runni ng code, which may serve as evidence of val uabl e experinmentation
and feedback that have nmamde the inplenmented protocols nore nature.

It is up to the individual working groups to use this information as
they see fit".

The PCEP-LS protocol extensions as described in this |-D were

i mpl emented and tested for a variety of applications. Apart fromthe
bel ow i npl enent ati on, there exi st other experinental inplenentations
done for optical networks.

1. Hierarchical Transport PCE controllers

The PCEP-LS has been inplenented as part of the | ETF97 Hackat hon and
Bits-N-Bites denpnstration. The use-case denonstrated was the DCl
use case of ACTN architecture in which to show the follow ng

scenari os:

- connectivity services on the ACTN-based recursive hierarchical
SDN/ PCE platformthat has the three-tier |evel SDN controllers
(two-tier level MDSC and PNC) on the top of the PTN systens
managed by EMS.

- Integration test of two tier-level MDSC. The SBI of the |ow
|l evel MDSC is the YANG based Korean national standards and one of
the high-level MDSC is the PCEP-LS based ACTN protocols.

- Performance test of three types of SDN controller based recovery
schenes including protection, reactive, and proactive restoration.
PCEP- LS protocol was used to denobnstrate a quick report of failed
net wor k conponent s.

2. ONOS-based Controller (MDSC and PNC)

Huawei (PNC, MDSC) and SKT (MDSC) i npl enented PCEP-LS during the
Hackat hon and | ETF97 Bits-NBites denonstration. The denonstration
was ONOS- based ACTN architecture in which to show the foll ow ng
capabilities:

Bot h packet PNC and optical PNC (with optical PCEP-LS extensions)
i mpl emented PCEP-LS on its SBI as well as its NBlI (towards MDSC).

SKT orchestrator (acting as MDSC) al so supported PCEP-LS (as wel |
as RestConf) towards packet and optical PNCs on its SBI.
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16.

17.

17.

Further description can be found at ONOS- PCEP

(https://w ki.onosproject.org/display/ ONOS/ PCEP+Pr ot ocol ) and the
code at ONOS- PCEP- d THUB

(https://github. comf opennet wor ki ngl ab/ onos/ tree/ mast er/ prot ocol s/

pcep) .
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Appendi x A,  Exanpl es
These exanples are for illustration purposes only to show how t he new
PCEP- LS nessage coul d be encoded. They are not meant to be an
exhaustive list of all possible use cases and conbi nati ons.

A.1. Al Nodes
Each node (PCC) in the network chooses to provide its own | ocal node

and link information, and in this way PCE can build the full |ink-
state and TE i nformati on.

o e e e oo + o e e e oo +
I I I I
| RTA | 192.0.2.0/ 24 | RTB |
| 11.11.11. 11 | ecmmmmmm i mee e m e | 33.33.33.34 |
| Area 0 | 192.0.2.0/ 24 | Area 0 |
I I I I
oo e ee oo + oo e ee oo +
RTA

LS Node

TLV - Local Node Descriptors
Sub-TLV - 514: OSPF Area-1D: 0.0.0.0
Sub-TLV - 515: IGP Router-I1D: 11.11.11.11
TLV - Node Attributes TLV
Sub- TLV( s)

LS Link
TLV - Local Node Descriptors
Sub- TLV - 514: OSPF Area-ID: 0.0.0.0
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Sub-TLV - 515: IG° Router-ID: 11.11.11.11
TLV - Renote Node Descriptors

Sub-TLV - 514: COSPF Area-ID: 0.0.0.0

Sub-TLV - 515: I1GP Router-ID: 22.22.22.22
TLV - Link Descriptors

Sub-TLV - 259: IPv4 interface: 192.0.2.1

Sub-TLV - 260: 1Pv4 neighbor: 192.0.2.2
TLV - Link Attributes TLV

Sub- TLV( s)

RTB
LS Node
TLV - Local Node Descriptors
Sub-TLV - 514: OSPF Area-1D: 0.0.0.0
Sub-TLV - 515: 1GP Router-1D: 22.22.22.22
TLV - Node Attributes TLV
Sub- TLV( s)

LS Link
TLV - Local Node Descriptors
Sub-TLV - 514: COSPF Area-ID: 0.0.0.0
Sub-TLV - 515: IGP Router-ID: 22.22.22.22
TLV - Renote Node Descriptors
Sub- TLV - 514: OSPF Area-1D: 0.0.0.0
Sub-TLV - 515: IGP Router-ID: 11.11.11.11
TLV - Link Descriptors
Sub-TLV - 259: 1Pv4 interface: 192.0.2.2
Sub-TLV - 260: |Pv4 neighbor: 192.0.2.1
TLV - Link Attributes TLV
Sub- TLV(s)

A simlar exanple with I Pv6 address (say 2001:db8::1 and 2001: db8:: 2)
for the links could be inagined with all other information as sane
and just IPv6 interface and nei ghbour TLVs.

A. 2. Designated Node
A designated node(s) in the network will provide its own |ocal node
as well as all learned renpote information, and in this way, PCE can
build the full link-state and TE i nfornati on.
As described in Appendix A 1, the same LS Node and Link objects wll

be generated with a difference that it would be a designated router
say RTA that generates all this information.
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A 3. Bet ween PCEs

As per

Hi er ar chi cal - PCE [ RFC6805] ,

PCEP- LS Cct ober 2025

Parent PCE buil ds an abstract

domai n topol ogy map with each domain as an abstract node and inter-

domai n |inks as an abstract

link. Each Child PCE may provide this

information to the Parent PCE. Considering the exanple in figure 1

of [RFCB805],

followi ng LS object will

be generated:

PCE1
LS Node
TLV - Local Node Descriptors
Sub-TLV - 512: Autononous System 100 (Domain 1)
Sub-TLV - 515: 1GP Router-1D: 11.11.11.11 (abstract)
LS Link
TLV - Local Node Descriptors
Sub- TLV - 512: Autononmpus System 100
Sub-TLV - 515: IGP Router-ID: 11.11.11.11 (abstract)
TLV - Renote Node Descriptors
Sub-TLV - 512: Autonompus System 200 (Donmain 2)
Sub-TLV - 515: 1 GP Router-1D: 22.22.22.22 (abstract)
TLV - Link Descriptors
Sub-TLV - 259: I1Pv4 interface: 192.0.2.1
Sub-TLV - 260: 1Pv4 neighbor: 192.0.2.2
TLV - Link Attributes TLV
Sub- TLV( s)
LS Link
TLV - Local Node Descriptors
Sub-TLV - 512: Autonompus System 100
Sub-TLV - 515: 1GP Router-1D: 11.11.11.11 (abstract)
TLV - Renote Node Descriptors
Sub- TLV - 512: Autononpus System 200
Sub-TLV - 515: 1 GP Router-1D: 22.22.22.22 (abstract)
TLV - Link Descriptors
Sub-TLV - 259: I1Pv4 interface: 198.51.100.1
Sub-TLV - 260: 1Pv4 nei ghbor: 198.51.100. 2
TLV - Link Attributes TLV
Sub- TLV( s)
LS Link
TLV - Local Node Descriptors
Sub- TLV - 512: Autonompus System 100
Sub-TLV - 515: 1GP Router-1D: 11.11.11.11 (abstract)
TLV - Renote Node Descriptors
Sub-TLV - 512: Autononpus System 400 (Donain 4)
Sub-TLV - 515: 1 GP Router-1D: 44.44.44.44 (abstract)
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TLV - Link Descriptors
Sub-TLV - 259: IPv4 interface: 203.0.113.1
Sub-TLV - 260: |Pv4 nei ghbor: 203.0.113.2
TLV - Link Attributes TLV
Sub- TLV(s)

* simlar information will be generated by other PCE
to help formthe abstract domai n topol ogy.

Further the exact border nodes and the abstract internal path between
the border nodes may al so be transported to the Parent PCE to enabl e
ACTN as described in [ RFC8637] using the simlar LS node and |ink
obj ects encodi ngs.
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