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Abst ract
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extended to support stateful PCE functions where the stateful PCE
mai ntai ns i nformati on about paths and resource usage within a

net wor k; however, these extensions do not cover all requirenents for
GWLS net wor ks.

Thi s document provides the extensions required for PCEP so as to
enabl e the usage of a stateful PCE capability in GWLS-controll ed
net wor ks.
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I ntroduction

[ RFC4655] presents the architecture of a PCE-based nodel for
conputing Miltiprotocol Label Switching (MPLS) and Generalized MPLS
(GQWLS) Traffic Engineering Label Switched Paths (TE LSPs). To
perform such a constrained conmputation, a PCE stores the network
topology (i.e., TE links and nodes) and resource information (i.e
TE attributes) in its TE Database (TED). A PCE that only maintains a
TED is referred to as a "stateless PCE'. [RFC5440] describes the
Pat h Conput ati on El enent Comuni cati on Protocol (PCEP) for

i nteracti on between a Path Conputation Cient (PCC) and a PCE or
bet ween two PCEs, enabling computation of TE LSPs. PCEP is further
extended to support GWLS-control |l ed networks as per [ RFC8779].

Stateful PCEs are shown to be hel pful in nany application scenarios,
in both MPLS and GWPLS networks, as illustrated in [ RFC8051].

Furt her discussion of the concept of a stateful PCE can be found in
[RFC7399]. In order for these applications to be able to exploit the
capability of stateful PCEs, extensions to stateful PCEP for GWLS
are required.

[ RFC8051] describes how a stateful PCE can be applied to solve
various problens for MPLS-TE and GWLS networks and the benefits it



brings to such depl oynments.

[ RFC8231] specifies a set of extensions to PCEP to enable statefu
control of TE LSPs where they are configured on the PCC and contro
over them could be delegated to the PCE. Furthernore, [RFC8281]
describes the setup and teardown of PCE-initiated LSPs under the
active stateful PCE nodel, without the need for |ocal configuration
on the PCC. However, both docunents omt the specification for
technol ogy-specific objects and TLVs, and they do not cover GWLS-
controll ed networks (e.g., Wavel ength Switched Optical Network
(WBON), Optical Transport Network (OTN), Synchronous Optical Network
(SONET) / Synchronous Digital Hi erarchy (SDH)).

Thi s docunent focuses on the extensions that are necessary in order
for the deploynment of stateful PCEs and the requirenents for PCE-
initiated LSPs in GWLS-control |l ed networks. Section 3 provides a
general context of the usage of stateful PCEs and PCEP for GWLS

The various requirenents for stateful GWLS, including PCE initiation
for GWLS LSPs, are provided in Section 4. An overview of the PCEP
extensions is specified in Section 5. A solution to address such
requirenents with PCEP object extensions is specified in Section 6.

.1. Conventions Used in This Docunent

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] [RFC8174] when, and only when, they appear in all
capital s, as shown here

Ter mi nol ogy

Term nol ogy used in this docunent is the sane as term nology used in
[ RFC5440], [ RFC8231], [RFC8281], and [ RFC8779].

Ceneral Context of Stateful PCE and PCEP for GWLS

This section is built on the basis of stateful PCEs specified in
[ RFC8231] and PCEP for GWPLS specified in [ RFC8779].

The operation of a stateful PCE on LSPs can be divided into two
types: active stateful PCE and passive stateful PCE (as described in
[ RFC8051] ).

* For active stateful PCEs, a Path Conputation Update Request
(PCUpd) nessage is sent fromthe PCE to the PCC to update the LSP
state for the LSPs delegated to the PCE. Any changes to the
del egated LSPs generate a Path Conputation State Report (PCRpt)
message fromthe PCC to the PCE to convey the changes of the LSPs.
Any nodifications to the objects and TLVs that are identified in
this docunment to support GWPLS-specific attributes will be carried
in the PCRpt and PCUpd nessages.

* For passive stateful PCEs, Path Conputation Request (PCReq) and
Pat h Conputation Reply (PCRep) nessages are used to request path
conmputation. GWLS-specific objects and TLVs are defined in
[ RFC8779], which this docunent builds on and adds the stateful PCE
aspects where applicable. A passive stateful PCE makes use of
PCRpt messages when reporting LSP state changes sent by PCCs to
PCEs. Any nodifications to the objects and TLVs that are
identified in this docunent to support GWLS-specific attributes
will be carried in the PCRpt nessage.

Furthernmore, the LSP Initiation function of PCEP is defined in
[ RFC8281] to allowthe PCE to initiate LSP establishnent after the
path is conputed. An LSP Initiate Request (PClnitiate) nessage is



used to trigger the end node to set up the LSP. Any nodifications to
the objects and TLVs that are identified in this docunment to support
GWPLS-specific attributes will be carried in the PClnitiate nmessages.

[ RFC8779] defines GWLS-specific objects and TLVs in statel ess PCEP
this document makes use of these objects and TLVs wi t hout
nmodi fi cati ons where applicable. Were these objects and TLVs require
nodi fications to incorporate stateful PCEs, they are described in
this docunment. PCE-initiated LSPs follow the principle specified in
[ RFC8281], and the GWLS-specific extensions are also included in
thi s docunent.

4. Main Requirenents

This section notes the main functional requirenents for PCEP
extensions to support stateful PCEs for use in GWLS-controlled

net wor ks, based on the description in [ RFC8051]. Many requirenents
are conmon across a variety of network types (e.g., MPLS-TE networks
and GWLS networks) and the protocol extensions to neet the
requirenents are already described in [ RFC8231] (such as LSP update,
del egation, and state synchronization/report). Protection context

i nformati on that describes the GWLS requirenment can also follow the
description in [RFC8745]. This docunment does not repeat the
description of those protocol extensions. This document presents
protocol extensions for a set of requirenments that are specific to
the use of a stateful PCE in a GWLS-control | ed network

The requirenents for GWLS-specific stateful PCEs are as foll ows:

* Advertisement of the stateful PCE capability. This generic
requirenent is covered in Section 5.4 of [RFC8231]. The GWLS-
CAPABI LI TY TLV specified in Section 2.1 of [RFC8779] and its
extension in this docunent need to be advertised as well.

* Al the PCEP nessages need to be capable of indicating GWLS-
specific switching capabilities. GWLS LSP creati on,
nmodi fi cation, and del etion require know edge of LSP switching
capabilities (e.g., Tine-Division Miltiplex Capable (TDM, Layer 2
Switch Capable (L2SC), OIN-TDM Lanbda Switch Capable (LSC), etc.)
and the Ceneralized Payl oad Identifier (GPID to be used
according to [RFC3471] and [ RFC3473]. It also requires that
traffic parameters that are both data flow and technol ogy specific
be defined. These traffic parameters are also known as "Traffic
Speci fication" or "Tspec". Such information would need to be
i ncluded in various PCEP nessages.

* In sone technol ogies, path calculation is tightly coupled with
| abel selection along the route. For exanple, path calculation in
a Wavel ength Division Miltiplexing (WDM network may include
| anbda continuity and/or | anbda feasibility constraints; hence, a
path conputed by the PCE is associated with a specific |anbda
(label). Thus, in such networks, the |abel information needs to
be provided to a PCCin order for a PCEto initiate GWLS LSPs
under the active stateful PCE nodel, i.e., Explicit Label Contro
(ELC) may be required.

* Stateful PCEP nessages al so need to indicate the protection
context information for the LSP specified by GWLS, as defined in
[ RFC4872] and [ RFC4873].
5. Overview of Stateful PCEP Extensions for GVPLS Networks
5.1. Capability Advertisenent for Stateful PCEP in GWPLS

Capability advertisenent is specified in [ RFC8231]; it can be
achi eved by using the STATEFUL- PCE- CAPABI LI TY TLV in the Open



message. Another GWLS- CAPABILITY TLV is defined in [RFC8779]. A
subregistry to manage the Flag field of the GWLS- CAPABI LI TY TLV has
been created by | ANA as requested by [RFC8779]. The following bits
are introduced by this docunent in the GVWPLS- CAPABILITY TLV as fl ags
to indicate the capability for LSP report, update, and initiation in
GWPLS networ ks: LSP- REPORT- CAPABI LI TY (31), LSP-UPDATE- CAPABILITY
(30), and LSP-1 NSTANTI ATl ON- CAPABI LI TY (29).

5.2. LSP Synchroni zation

After the session between the PCC and a stateful PCE is initialized,
the PCE nust learn the state of a PCC's LSPs (including its
attributes) before it can perform path computations or update LSP
attributes in a PCC. This process is known as "LSP state

synchroni zation". The LSP attributes, including bandw dth,

associ ated route, and protection infornation etc., are stored by the
PCE in the LSP database (LSP-DB). Note that, as described in

[ RFC8231], the LSP state synchronization covers both the bul k
reporting of LSPs at initialization as well as the reporting of new
or nodified LSPs during normal operation. Increnental LSP-DB
synchroni zati on may be desired in a GWLS-controlled network; it is
specified in [ RFC8232].

The format of the PCRpt nessage is specified in [ RFC8231] and
extended in [RFC8623] to include the END- PO NTS object. The END

PO NTS object is extended for GWLS in [ RFC8779]. The END- PO NTS

obj ect can be carried in the PCRpt nessage as specified in [ RFC8623].
The END- PO NTS obj ect type for GWLS is included in the PCRpt nessage
as per the sane.

The foll owi ng objects are extended for GVWLS in [ RFC8779] and are

al so used in the PCRpt in the sane nanner: BANDW DTH, LSP Attributes
(LSPA), Include Route Object (I RO, and Exclude Route Object (XRO).
These objects are carried in the PCRpt nessage as specified in

[ RFC8231] (as the attribute-list defined in Section 6.5 of [RFC5440]
and extended by many ot her documents that define PCEP extensions for
specific scenario0s).

The SW TCH LAYER object is defined in [ RFC8282]. This object is
carried in the PCRpt nessage as specified in Section 3.2 of
[ RFC8282] .

5.3. LSP Del egati on and d eanup

The LSP del egati on and cl eanup procedure specified in [ RFC8281] are
equal ly applicable to GWLS LSPs and this docunent does not nodify
the associ at ed usage.

5.4. LSP Operations

Bot h passive and active stateful PCE nmechanisns in [RFC8231] are
applicable in GWLS-controll ed networks. Renmpte LSP Initiation in
[ RFC8281] is also applicable in GWLS-controlled networKks.

6. PCEP (Object Extensions
6.1. Existing Extensions Used for Stateful GWLS

Exi sting extensions defined in [ RFC8779] can be used in stateful PCEP
with no or slight changes for GWLS network control, including the
fol | owi ng:

END- PO NTS: The END- PO NTS object was specified in [ RFC8779] to
i nclude GWLS capabilities. Al stateful PCEP nessages MJST
i nclude the END- PO NTS object with CGeneralized Endpoi nt object
type, containing the LABEL- REQUEST TLV. Further note that:



* As per [RFC8779], for stateless GWLS path conputation, the
General i zed END- PO NTS obj ect may contain a LABEL- REQUEST and/
or LABEL-SET TLV. In this docunment, only the LABEL- REQUEST TLV
is used to specify the switching type, encoding type, and GPID
of the LSP.

* |f unnunbered endpoint addresses are used for the LSP, the
UNNUVBERED- ENDPOI NT TLV [ RFC8779] MUST be used to specify the
unnunber ed endpoi nt addresses.

* The CGeneralized END- PO NTS object MAY contain other TLVs
defined in [ RFC8779].

RP: The Request Paraneter (RP) object extension (together with the
Routing Granularity (RG flag defined in [RFC8779]) is applicable
in stateful PCEP for GWLS networKks.

BANDW DTH:  Ceneral i zed BANDWDTH is specified in [ RFC8779] to
represent GWLS features, including asymretric bandwi dth and G PID
i nformation.

LSPA: LSPA Extensions in Section 2.8 of [RFC8779] are applicable in
stateful PCEP for GWLS networKks.

IRO 1RO Extensions in Section 2.6 of [RFC8779] are applicable in
stateful PCEP for GWLS networks.

XRO. XRO Extensions in Section 2.7 of [RFC8779] are applicable in
stateful PCEP for GWLS networks. A new flag is defined in
Section 6.2.3 of this document.

ERO. The Explicit Route Object (ERO is not extended in [ RFC8779],
nor is it in this docunent.

SW TCH LAYER: The SW TCH LAYER definition in Section 3.2 of
[ RFC8282] is applicable in stateful PCEP nmessages for GWPLS
net wor ks.

.2. New Extensions
.2.1. GQGWLS-CAPABILITY TLV in OPEN bj ect

In [RFC8779], | ANA al |l ocates val ue 45 (GWLS- CAPABI LITY) fromthe
"PCEP TLV Type Indicators" subregistry. This specification adds

three flags to the Flag field of this TLV to indicate the Report,
Update, and Initiation capabilities.

R (LSP- REPORT- CAPABI LI TY (31) -- 1 bit):
If set to 1 by a PCC, the Rflag indicates that the PCC is capable
of reporting the current state of a GWLS LSP whenever there's a
change to the paraneters or operational status of the GWLS LSP.
If set to 1 by a PCE, the Rflag indicates that the PCE is
interested in receiving GWLS LSP State Reports whenever there is
a paraneter or operational status change to the LSP. The LSP-
REPORT- CAPABI LI TY fl ag nust be advertised by both a PCC and a PCE
for PCRpt nessages to be allowed on a PCEP session for GWLS LSP.

U (LSP- UPDATE- CAPABI LI TY (30) -- 1 bit):
If set to 1 by a PCC, the Uflag indicates that the PCC all ows
nmodi fi cati on of GWLS LSP paraneters. |If set to 1 by a PCE, the U
flag indicates that the PCE is capable of updating GWLS LSP
paraneters. The LSP-UPDATE- CAPABI LITY flag nust be advertised by
both a PCC and a PCE for PCUpd nessages to be allowed on a PCEP
session for GWLS LSP.
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| (LSP-1 NSTANTI ATI ON- CAPABI LI TY (29) -- 1 bit):
If set to 1 by a PCC, the | flag indicates that the PCC all ows
instantiation of a GWLS LSP by a PCE. If set to 1 by a PCE, the
I flag indicates that the PCE supports instantiating GVWPLS LSPs.
The LSP-1 NSTANTI ATI ON- CAPABI LI TY flag nust be set by both the PCC
and PCE in order to enable PCE-initiated LSP instantiation

2. New LSP Excl usi on Subobject in the XRO

[ RFC5521] defines a nechanismfor a PCC to request or denand that
speci fic nodes, links, or other network resources be excluded from
pat hs computed by a PCE. A PCC may wi sh to request the computation
of a path that avoids all |inks and nodes traversed by some ot her
LSP.

To this end, this docunent defines a new subobject for use with route
excl usion defined in [ RFC5521]. The LSP Excl usi on subobject 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
| X| Type (11) | Length | Reserved | Fl ags |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| |
/1 Synbolic Path Nane /1
I I
i e R i e i i i e i i St S N e S

Figure 1: New LSP Excl usi on Subobject For nmat

X: This field is the sane as the X-bit defined in the XRO subobjects
in Section 2.1.1 of [ RFC5521] where it says:

The X-bit indicates whether the exclusion is nmandatory or
desired. O indicates that the resource specified MIST be
excluded fromthe path conmputed by the PCE. 1 indicates that
the resource specified SHOULD be excluded fromthe path
conputed by the PCE, but MAY be included subject to PCE policy
and the absence of a viable path that neets the other
constraints and excludes the resource.

Type: The subobject type for an LSP Excl usion subobject. Value of
11.

Length: The Length contains the total |ength of the subobject in
bytes, including the Type and Length fields.

Reserved: Reserved MJST be set to zero on transm ssion and ignored
on receipt.

Flags: This field may be used to further specify the exclusion
constraint with regard to the LSP. Currently, no flags are
defi ned.

Synbolic Path Nane: This is the identifier given to an LSP. |Its
syntax and semantics are identical to those of the Synbolic Path
Nanme field defined in Section 7.3.2 of [RFC8231] where it says:
"symbolic nane for the LSP, unique in the PCC. It SHOULD be a
string of printable ASCI|I characters, without a NULL termi nator."
The synbolic path name in the LSP Excl usi on subobj ect MJST only
vary frombeing a string of printable ASCII characters wi thout a
NULL ternminator when it is matching the value contained i n anot her
subobject. It is worth noting that given that the synbolic path
name is unique in the context of the headnode, only LSPs that
share the sanme headnode or PCC coul d be excl uded.
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Thi s subobj ect MAY be present nultiple times in the XRO to excl ude
resources fromnultiple LSPs. Wen a stateful PCE receives a
PCReq nessage carrying this subobject, it MJST search for the
identified LSP in its LSP-DB and then exclude fromthe new path
computation all resources used by the identified LSP

Note that this XRO subobject could al so be used by non- GWLS LSPs.
The usage of the XRO subobject for any non-GWLS LSPs is not in
the scope of this docunent.

2.3. New Flags in the LSP-EXTENDED- FLAG TLV in LSP nj ect

The LSP object is defined in Section 7.3 of [RFC8231], and the new
extended flags TLV is defined in [RFC9357]. This TLV is used in
PCUpd, PCRpt and PClnitiate nessages for GWLS, with the follow ng
flags defined in this document:

G (GWLS LSP (0) -- 1 bit):
If set to 1, it indicates the LSP is a GWLS LSP

B (Bidirectional LSP (1) -- 1 bit):
If set to 0, it indicates a request to create a unidirectiona
LSP. If set to 1, it indicates a request to create a

bi directional co-routed LSP

RG (Routing Granularity (2-3) -- 2 bits):
The RG flag for GWLS is al so defined in the LSP-EXTENDED FLAG
TLV. The values are defined as per [RFC8779]:

00: reserved

01: node
10: link
11: | abel

Update to Error Handling

A PCEP- ERRCOR object is used to report a PCEP error and is
characterized by an Error-Type that specifies the type of error and
an Error-value that provides additional information about the error
This section adds additional error handling procedures to those
specified in Section 3 of [RFC8779]. Please note that all error
handl i ng specified in Section 3 of [RFC8779] is applicable and MJST
be supported for a stateful PCE in GVWPLS net works.

.1. Error Handling in PCEP Capabilities Advertisenent

The PCEP extensions described in this docunment for stateful PCEs with
GWPLS capabilities MIUST NOT be used if the PCE has not advertised its
capabilities with GWLS as per Section 6.2.1.

If the PCC understands the U flag that indicates the stateful LSP-
UPDATE- CAPABI LI TY, but did not advertise this capability, then upon
recei pt of a PCUpd nmessage for GWLS LSP fromthe PCE, it SHOULD
generate a PCErr with Error-Type 19 ("lInvalid Operation") Error-value
25 ("Attenpted LSP update request for GWLS if stateful PCE
capability not advertised") and term nate the PCEP session. Such a
PCC MAY decide to utilize the capability even though it did not
advertise support for it.

If the PCE understands the R flag that indicates the stateful LSP-
REPORT- CAPABI LI TY, but did not advertise this capability, then upon
recei pt of a PCRpt nessage for GWLS LSP fromthe PCC, it SHOULD
generate a PCErr with Error-Type 19 ("lInvalid Qperation") Error-val ue
26 ("Attenpted LSP State Report for GWLS if stateful PCE capability
not advertised") and terminate the PCEP session. Such a PCE MAY
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7.

7.

8.

8.

decide to utilize the capability even though it did not advertise
support for it.

If the PCC understands the | flag that indicates LSP-1NSTANTI ATI O\
CAPABI LI TY, but did not advertise this capability, then upon receipt
of a PClnitiate message for GWLS LSP fromthe PCE, it SHOULD
generate a PCErr with Error-Type 19 ("lInvalid Operation") Error-value
27 ("Attenpted LSP instantiation request for GWLS if stateful PCE
instantiation capability for not advertised") and term nate the PCEP
session. Such a PCC MAY decide to utilize the capability even though
it did not advertise support for it.

2. FError Handling in LSP Reoptim zation

A stateful PCE is expected to performan LSP reoptinization when
receiving a nessage with the Rbit set in the RP object. [If no LSP
state information is available to carry out reoptinization, the
stateful PCE SHOULD report Error-Type 19 ("Invalid Operation") Error-
value 23 ("LSP state info unavailable for reoptinization"), although
such a PCE MAY consider the reoptim zation to have successfully
conpleted. Note that this error nessage could al so be used by non-
GWPLS LSPs.

3. FError Handling in Route Exclusion

The LSP Excl usi on subobject in XRO as defined in Section 6.2.2 of
this docunment, MAY be present nmultiple tinmes. Wen a stateful PCE
receives a PCEP nessage carrying this subobject, it searches for the
identified LSP in its LSP-DB. It then excludes fromthe new path
computation all the resources used by the identified LSP. If the
stateful PCE cannot recognize the synbolic path name of the
identified LSP, it SHOULD send an error nessage PCErr reporting
Error-Type 19 ("Invalid Qperation") Error-value 24 ("LSP state info
for route exclusion not found"). Along with the unrecognized
synbolic path name, it MAY al so provide information to the requesting
PCC using the error-reporting techni ques described in [ RFC5440]. An
i npl ement ati on MAY choose to ignore the requested excl usion when the
LSP cannot be found because it could claimthat it has avoi ded using
all resources associated with an LSP that doesn't exist.

4. Error Handling for the Generalized END- PO NTS Obj ect

Note that the END- PO NTS object in stateful PCEP nessages was

i ntroduced for Point-to-Miltipoint (P2MP) [RFC8623]. Simlarly, the
END- PO NTS obj ect MJUST be carried for the GWLS LSP. If the END
PO NTS object is missing and the GWLS flag in LSP-EXTENDED FLAG i s
set, the receiving PCE or PCC MUST send a PCErr nessage with Error-
Type 6 ("Mandatory Object mssing") and Error-value 3 ("END PO NTS
object mssing") (defined in [RFC5440]). Simlarly, if the END

PO NTS object with the Generalized Endpoi nt object type is received
but the LSP- EXTENDED- FLAG TLV is missing in the LSP object or the G
flag in the LSP-EXTENDED- FLAG TLV is not set, the receiving PCE or
PCC MUST send a PCErr nessage with Error-Type 19 ("Invalid
Qperation") Error-value 28 ("Use of the Ceneralized Endpoi nt object
type for non- GVWPLS LSPs").

If the END- PO NTS object with Generalized Endpoi nt object type is
m ssing the LABEL- REQUEST TLV, the receiving PCE or PCC MIST send a
PCErr message with Error-Type 6 ("Mandatory Object mssing") Error-
val ue 20 ("LABEL- REQUEST TLV m ssing").
I ANA Consi derations
1. New Flags in the GWLS- CAPABI LI TY TLV

[ RFC8779] defines the GWLS- CAPABI LITY TLV; per that RFC, |ANA



8. 2.

8. 3.

8. 4.

created the "GVPLS- CAPABILITY TLV Flag Field" registry to manage the
val ues of the GWLS-CAPABILITY TLV's Flag field. This docunent
registers new bits in this registry as foll ows:

[ bbbl oo oo s oo e el ooy o}
| Bit | Capability Description | Reference |
f Spmfems s e sl s sty
| 31 | LSP-REPORT-CAPABILITY (R) | RFC 9504

+----- B T I T IR I +
| 30 | LSP-UPDATE- CAPABILITY (U | RFC 9504 |
+----- I T Tl I IR I +
| 29 | LSP-INSTANTI ATI ON-CAPABI LI TY (1) | RFC 9504 |
+----- i I F--- - - - +

Table 1

New Subobj ect for the Exclude Route Object

I ANA mai ntains the various XRO subobject types within the "XRO

Subobj ects" subregistry of the "Path Conputation El ement Protocol
(PCEP) Nunbers" registry. |ANA has allocated a codepoint for another
XRO subobj ect as foll ows:

[ e oo e oo s b e )

| Value | Description | Reference |

B Sl Lty el

| 11 | LSP | RFC 9504 |

+------- I I +
Tabl e 2

Flags Field for the LSP Exclusi on Subobject

| ANA has created a registry nanmed "LSP Excl usi on Subobject Fl ag
Field', within the "Path Conputation El ement Protocol (PCEP) Nunbers"
group, to manage the Flag field of the LSP Exclusion subobject in the
XRO No flag is currently defined for this Flag field in this
docunent .

Codespace of the Flag field (LSP Excl usi on Subobject)

[ ool oo e el
| Bit | Capability Description | Reference |
B el s el ety
| 0-7 | Unassigned | RFC 9504 |
+----- B I I I A R I +

Table 3

New val ues are to be assigned by Standards Action [RFC8126]. Each
bit should be registered with the follow ng entries:

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

* Capability description

* Reference to defining RFC

New Fl ags in the LSP-EXTENDED- FLAGS TLV

[ RFC9357] requested I ANA to create a subregistry, naned the "LSP-
EXTENDED- FLAG TLV Flag Field", within the "Path Conputation El enent
Prot ocol (PCEP) Nunbers" registry, to manage the Flag field of the
LSP- EXTENDED- FLAG TLV.

I ANA has nmade assignments fromthis registry as foll ows:



B i sty ety o
| Bit | Capability Description | Reference |
F bbb oot e e e
| 0 | GWLS LSP (O | RFC 9504 |
+----- B TR e R +
| 1 | Bidirectional Co-routed LSP (B) | RFC 9504 |
+----- T F-- - - - +
| 2-3 | Routing Ganularity (RGQ | RFC 9504 |
+----- B T I I +
Tabl e 4

8.5. New PCEP Error Codes

I ANA has made the following allocations in the "PCEP- ERROR Cbj ect
Error Types and Val ues" registry.

Mandat ory
oj ect
m ssi ng

20: LABEL- REQUEST TLV
n ssi ng

Invalid | 23: LSP state info | RFC 9504 |
Qperation | unavail able for | |
| reoptimnzation | |

| 24: LSP state info for | RFC 9504 |
| route exclusion not found | |

| 25: Attenpted LSP update |
| request for GWLS if |
| stateful PCE capability |
| not advertised |

I

I

I

I

I

I

I

I

I

I

|

| | 26: Attenpted LSP State |
| | Report for GWLS if |
| | stateful PCE capability |
| | not advertised |
I

I

I

I

I

I

I

I

I

I

I

| 27: Attenpted LSP |
| instantiation request for |
| GwWLS if stateful PCE |
| instantiation capability |
| not advertised |

| 28: Use of the |
| Generalized Endpoint |
I I
I I

obj ect type for non-GWLS
LSPs

Table 5
9. Manageability Considerations
General PCE nanagenent considerations are discussed in [ RFC4655] and
[ RFC5440], and GWPLS-specific PCEP managenment considerations are
described in [RFC8779]. In this docunent, the managenent
consi derations for stateful PCEP extension in GVWLS are descri bed.

This section follows the guidance of [RFC6123].

9.1. Control of Function through Configuration and Policy



In addition to the paraneters already listed in Section 8.1 of

[ RFC5440], a PCEP i npl enentati on SHOULD al | ow confi guration of the
foll owi ng PCEP session paraneters on a PCC. However, an

i mpl ement ati on MAY choose to nmeke these features avail able on al
PCEP sessi ons:

* The ability to send stateful PCEP nessages for GWPLS LSPs.
* The ability to use path conputation constraints (e.g., XRO.

In addition to the paraneters already listed in Section 8.1 of
[ RFC5440], a PCEP i npl enentati on SHOULD al | ow confi guration of the
foll owi ng PCEP session paraneters on a PCE

* The ability to conpute paths in a stateful nmanner in GWLS
net wor ks.

* A set of GWLS-specific constraints.

These paraneters nay be configured as default paraneters for any PCEP
session the PCEP speaker participates in or they may apply to a
specific session with a given PCEP peer or a specific group of
sessions with a specific group of PCEP peers.

9.2. Information and Data Mbddel s

The YANG nodul e in [ PCE- PCEP- YANG can be used to configure and

moni tor PCEP states and nessages. To nake sure that the YANG nodul e

is useful for the extensions as described in this docunment, it would

need to include advertised GWLS stateful capabilities etc. A future
versi on of [PCE-PCEP-YANG w |l include this.

As described in [ YANG PATH COVPUTATI ON], a YANG based interface can
be used in some cases to request GWLS path conputations, instead of
PCEP. Refer to [ YANG PATH COVPUTATI ON] for details

9.3. Liveness Detection and Monitoring
Thi s docunent nakes no change to the basic operation of PCEP, so
there are no changes to the requirenents for |iveness detection and
monitoring in [ RFC4657] and Section 8.3 of [ RFC5440].

9.4. Verifying Correct Qperation
Thi s docunent nakes no change to the basic operations of PCEP and the
consi derations described in Section 8.4 of [ RFC5440]. New errors
defined by this docunment should satisfy the requirenent to log error
events.

9.5. Requirements on Ot her Protocols and Functional Conponents
When the detailed route information is included for LSP state
synchroni zation (either at the initial stage or during the LSP State
Report process), this requires the ingress node of an LSP to carry
the Record Route hject (RRO object in order to enable the
coll ection of such information.

9.6. Inpact on Network Operation

The management consi derations concerning the inpact on network
operations described in Section 4.6 of [RFC8779] apply here.

10. Security Considerations

The security considerations el aborated in [ RFC5440] apply to this



11.

11.

docunent. The PCEP extensions to support GVPLS-controlled networks
shoul d be consi dered under the same security as for MPLS networks, as
noted in [ RFC7025]. Therefore, the PCEP extension to support GWLS
specified in [RFC8779] is used as the foundation of this docunent;
the security considerations in [RFC8779] should al so be applicable to
this document. The secure transport of PCEP specified in [ RFC8253]
all ows the usage of Transport Layer Security (TLS). The sane can

al so be used by the PCEP extension defined in this docunent.

Thi s document provides additional extensions to PCEP so as to
facilitate stateful PCE usage in GWPLS-controlled networks, on top of
[ RFC8231] and [RFC8281]. Security issues caused by the extension in
[ RFC8231] and [RFC8281] are not altered by the additions in this
docunent. The security considerations in [RFC8231] and [ RFC8281],

i ncluding both issues and solutions, apply to this docunent as well.
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Appendi x A. PCEP Messages

This section uses the Routing Backus-Naur Form (RBNF) [RFC5511] to
illustrate the PCEP nessages. The RBNF in this section is reproduced
for informative purposes. It is also expanded to show the GVPLS-
speci fic objects.

A.1. The PCRpt Message
According to [ RFC8231], the PCRpt nessage is used to report the
current state of an LSP. This docunent extends the nessage in
reporting the status of LSPs with GWLS characteristics.

The format of the PCRpt message is as foll ows:

<PCRpt Message> ::= <Common Header >
<state-report-list>
Wher e:
<state-report-list> ::= <state-report>[<state-report-1list>]
<state-report> ::= [ <SRP>]

<LSP>
[ <END- POl NTS>]
<pat h>



Wher e:

<pat h> ::= <intended-pat h>
[<actual -attribute-Ilist><actual -path>]
<intended-attribute-list>
<actual -attribute-list> ::=] <BANDW DTH>]
[<netric-1list>]

Wher e:

* The END- PO NTS object MJST be carried in a PCRpt nmessage when the
Gflag is set in the LSP- EXTENDED- FLAG TLV in the LSP object for a
GWLS LSP.

* <intended-path> is represented by the ERO object defined in
Section 7.9 of [RFC5440] and augmented in [RFC8779] with ELC

* <actual -attribute-list> consists of the actual conputed and
si gnal ed val ues of the <BANDW DTH> and <netric-lists> objects
defined in [ RFC5440].

* <actual -path> is represented by the RRO object defined in
Section 7.10 of [RFC5440].

* <intended-attribute-list>is the attribute-list defined in
Section 6.5 of [RFC5440] and extended by nany other docunents that
define PCEP extensions for specific scenarios as shown bel ow

<attribute-list> ::= [<of-list>]
[ <LSPA>]
[ <BANDW DTH>]
[<metric-list>]
[ <I RO>] [ <XRC>]
[ <I NTER- LAYER>]
[ <SW TCH- LAYER>]
[ <REQ ADAP- CAP>]
[ <SERVER- | NDI CATI ON>]

A.2. The PCUpd Message

The format of a PCUpd nessage is as follows:

<PCUpd Message> ::= <Common Header >
<updat e-request-1list>

Wher e:
<updat e-request-1list> ::= <updat e-request >[ <updat e-request -1 i st >]
<updat e-request> ::= <SRP>

<LSP>

[ <END- POl NTS>]

<pat h>
Wher e:
<pat h> ::= <intended-pat h><i ntended-attri bute-|ist>
Wher e:

* The END- PO NTS object MJST be carried in a PCUpd nmessage for the
GWPLS LSP.

* <intended-path> is represented by the ERO object defined in
Section 7.9 of [RFC5440], augnented in [RFC8779] with ELC.

* <intended-attribute-list>is the attribute-list defined in



[ RFC5440] and extended by nany ot her docunents that define PCEP
extensions for specific scenarios and as shown for PCRpt above.

A.3. The PClnitiate Message
According to [ RFC8281], the PClnitiate nessage is used allow LSP

Initiation. This docunment extends the nessage in initiating LSPs
with GQVWPLS characteristics. The format of a PClnitiate nessage is as

fol |l ows:
<PClnitiate Message> ::= <Conmpn Header >
<PCE-initiated-Isp-list>
Wher e:
<Common Header> is defined in <xref target="RFC5440" />.
<PCE-initiated-Isp-list> ::= <PCE-initiated-I|sp-request>
[<PCE-initiated-Isp-1list>]
<PCE-initiated-Isp-request> ::= (<PCE-initiated-|sp-instantiation>|
<PCE-initiated-I|sp-del etion>)
<PCE-initiated-Isp-instantiation> ::= <SRP>
<LSP>
[ <END- POl NTS>]
<ERC>
[<attribute-list>]
<PCE-initiated-Isp-deletion> ::= <SRP>
<LSP>

The format of the PClnitiate message i s unchanged from Section 5.1 of
[ RFC8281]. Al fields are simlar to the PCRpt and the PCUpd
messages.
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