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Abstract
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PClnitiate message to set up independent paths per domain. Conbining
these different paths together enables themto be operated as end-to-
end inter-domain paths, wi thout the need for a signaling session

bet ween inter-domain border routers. It delivers a newtool in the
PCE tool box in order for operator to build Intent-Based NetworKking.
For this purpose, this docunment defines a new Stitching Label, new
Associ ati on Type, new PCEP conmuni cation Protocol (PCEP) Capability,
new PCE Errors Type and new PCE Notifications Type.
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1. Introduction

The PCE working group has produced a set of RFCs to standardize the
behavi or of the Path Conputation El enent ([RFC4655] and [ RFC5440]) as
a tool to help MultiProtocol Label Switching - Traffic Engi neering
(MPLS-TE)/ General i zed MPLS (GWLS) Label Swi tched Paths (LSPs) and
Segnent Routing paths placenent. This also includes the ability to
conpute inter-domain LSPs or Segment Routing paths follow ng a

di stributed BRPC [ RFC5441] or hierarchical H PCE [ RFC6805] approach.
Such inter-domain paths could then serve as an Explicit Route Object
(ERO) input for the RSVP-TE signaling to set up the tunnels within
the underlying network. Three kinds of inter-domain paths could be
est abl i shed:

* Contiguous tunnel ([RFC3209] and [RFC3473]): The RSVP-TE signaling
crosses the boundary between two domains. This kind of tunnel is
not recomrended nostly for security and scalability purpose. In
addition, the initiating domain i nposes huge constraints on
subsequent donmi ns, because they undergo the tunnel request
wi t hout being able to control it.

* Stitching tunnel ([RFC5150]): Each domain establishes inits own
network the corresponding part of the inter-domain path
i ndependently. Then, a second end-to-end RSVP-TE Path nessage is
sent by the initiating domain to stitch the different tunnel parts
to formthe inter-domain path.
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* Nesting tunnel ([RFC4206]): This is similar to the stitching node
but, this tine, with the possibility to set up tunnel hierarchy.

However, these inter-domain paths depend on signaling using RSVP-TE
to be set up, but it is not comon to allow signaling across
admi ni strative donain borders, especially in operational networks.

For Segnment Routing, issues are different as there is no signaling
between routers. First, a segnent path depends on a stack of segnent
identifiers but, in an inter-domain path, this stack may becone too
large with respect to hardware constraint and increase drastically
the size of the header in the case of SRv6. |f Extensions for
Segnment Routing [ RFC8664] takes into account the Maxi mum Stack Depth
(MsD), a PCE may be unable to find a solution when it conmputes an
end-to-end inter-domain path. The second issue is related to the
path confidentiality because all Node-SID nust be stacked by the head
end router while some of the Node-SIDs are associated to routers of
the next donmains. It is clear that operators would not disclose
details of their network, which includes Node-SIDs. Thus, it is not
possible to stack renote | abels or renote SRv6 header for an end-to-
end inter-domain path.

Finally, Operators would be independant from each other about the
technol ogy there are deploying in their respective networks. Thus,
the solution shoul d acconpdate with various technol ogy and provide a
solution to setup inter-domain path conpose by a mx of underlay
technology i.e. a mx of RSVP-TE and Segnent Routing including SR
MPLS and SRv6 dat apl ane.

The purpose of this docunent is to take the benefit of Active
Stateful PCE [ RFC8231] and PCE-lnitiated [ RFC8281] nobdes to stitch or
nest inter-domain paths directly using PCEP between domai ns’ PCEs
whi | e avoi ding the use of another signaling between inter-domain
border nodes. The nmechani sm keeps each operator free to

i ndependently set up their respective part of the inter-donain paths,
i.e. the signaling (for MPLS-TE and GWLS) is scoped on a per donain
basis, individually.
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The PCInitiate message is used fromdestinati on domain to source
domain, to recursively set up the end-to-end tunnel. Binding Label /
Segnment ldentifier (BSID) [RFC9604] is used to convey the specific

| abels or SIDs to automatically stitch or nest the different |oca
LSPs. And PCRep in conjunction with PCUpd nessages are used to
report, maintain, nodify and tear down inter-donmain paths. This

met hod is also applicable to Segment Routing, with SR MPLS or SRv6
dat apl ane, to build inter-domain segment paths. To enable this
mechani sm this docunent defines a new Stitching Label, new
Associ ati on Type, new PCEP comruni cation Protocol (PCEP) Capability,
new PCE Errors Type and new PCE Notifications Type

1.1. General Assunptions

In the remai nder of this docunent, the sane references as per BRPC
[ RFC5441] are used and the follow ng set of assunptions are nade (see
figure bel ow):

* Domain refers to admnistrative partitions, i.e. an | GP area or an
Aut ononous System (AS).

* |Inter-domain path is used to refer to a path that crosses two or
nmore di fferent domains as defined previously,

* At least one PCE is deployed in each domain. These PCEs are al
active stateful -capable and can request to enforce LSPs in their
respective domain by means of PClnitiate nessages.

* LSRs, including border nodes, are PCC- enabl ed and support active
stateful node. PCEP sessions are established between these
routers and their domai ns’ PCE

* Each PCE establishes a PCEP session with its respective nei ghbor
domai ns’ PCEs. The way a PCE discovers its neighboring PCEs is
out of the scope of this docunent.

* Each PCCis able to configure a Binding Label/Segnent |dentifier
(BSID) and each PCE is able to request a BSIDto a PCC or a
nei ghbor domai ns’ PCE

* PCEs are able to conpute an end-to-end path as per BRPC procedure
[ RFC5441] or as per H PCE procedure (statel ess [ RFC6805] or
stateful [RFC8751]).

* "Path" is a generic termto refer to both LSP setup by nmean of
RSVP- TE or Segnent Path in a Segnent Routing networKk.
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(HPCE). ... ...
Domai n- A | | Domai n- B| | Domai n- C|
I I - I I - I
PCE------ +--PCEP---+---PCE-------- +- - PCEP---+---PCE |
/ I |/ I |/ I
/ | | / | | / |
Sr c=========BNA------- BNBl===========BNB2- - - - - - BNC=========Dst |
| Inter- | | Inter- | |
-------------- Domain -------------- Domain --------------
Li nk Li nk

Figure 1: Exanple of the representation of 3 domains with 3 PCEs

Qperations, according to the figure above, are as follow

1.

Dugeon,

The PCEs in Donmai n-A, Domain-B, and Donmai n-C conmmuni cat e usi ng
PCEP either directly, as shown, using BRPC or with a parent PCE
i f using H PCE

The PCE in Donmi n-A selects an end-to-end domain path. It tells
the PCE in Domain-B that the path will be used, and that PCE
passes the information on to the PCE i n Domai n-C.

Each of the PCEs use PCEP to instruct the segment head ends
backward from destination to source:

a. In Domain-C, the PCE instructs the ingress Border Node, BNC,
with the path to reach the Destination. The instructions
al so ask BNC to provide the incomng |abel or SID that wll
be stitched to the intra-domain path. Once done, PCE reports
this label or SID to PCE of Domain-B.

b. In Domain-B, the PCE instructs the ingress Border Node, BNBI,
with the path to reach the egress Border Node, BNB2. The
instructions also tell BNBl the label or SID to use on the
inter-domain link to BNC and ask to provide the incom ng
| abel or SIDthat will be stitched to the intra-donmain path.
Once done, PCE reports this label or SID to PCE of Domain-A.

c. In Donmain-A the PCE instructs the Source node with the path
to use to reach Border Node, BNA. The instructions al so
include the |abel or SIDto use on the inter-domain link to
BNB1.
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1.2. Termi nol ogy

ABR: Area Border Routers. Routers used to connect two | GP areas
(areas in OSPF or levels in 1S 19).

AS: Aut ononmpbus System

ASBR:  Aut ononmous System Border Router. Router used to connect
toget her ASes (of the sane or different service providers) via one or
nore inter-AS |inks.

BSI D. Bi nding Label / Segment ldentifier.

Border Node (BN): a boundary node is either an ABR in the context of
inter-area TE or an ASBR in the context of inter-AS TE

BN-en(i): Entry BN of domain(i) connecting domain(i-1) to donmain(i)
al ong a determ ned sequence of domains. Miltiple entry BN-en(i)
coul d be used to connect domain(i-1) to domain(i).

BN-ex(i): Exit BN of domain(i) connecting domain(i) to domain(i+1)
al ong a determ ned sequence of domains. Miltiple exit BN-ex(i) could
be used to connect domain(i) to domain(i+1).

Domai ns: Aut ononobus System (AS) or | GP Area. An Autononmpus Systemi s
composed by one or nore | GP area.

ERQ(i): The Explicit Route (hject scoped to domain(i)

IGP-TE: Interior Gateway Protocol with Traffic Engi neering support.
Both OSPF-TE and 1S-1S-TE are identified in this category.

Inter-domain path: A path that crosses two or nore domains through a
pai r of Border Node (BN-ex, BN-en).

LK(i): A Link that connect BN-ex(i-1) to BN-en(i). Note that BN
ex(i-1) could be connected to BN-en(i) by nmore than one link. LK(i)
identifies which of the multiple links will be used for the inter-
domai n path setup. For inter-AS scenario, LK(i) represents the link
bet ween ASBR of domain i to the ASBR of domain i-1. For inter-area
scenario, LK(i) is present only in IS 1S networks and represents the
link between ABR of region L1, reciprocally L2, to the ABR of region
L2, reciprocally L1.

Local path: A path that does not cross a domain border. It is set up
either fromentry BN-en, to output BN-ex or between both. This path
could be enforce by means of RSVP-TE signaling or Segnent Routing

| abel s st ack.
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Local path(i): A Local path of domain(i)

PLSP-1D(i): A PLSP-1D that identifies, in the domain(i), the |oca
part of an inter-domain path.

PCE: Path Computation Elenment. An entity (conmponent, application, or
networ k node) that is capable of conmputing a network path or route
based on a network graph and applyi ng conmputational constraints.

PCE(i) is a PCE within the scope of domain(i).
R(i,j): The router j of donmain i

Stitching Label (SL): A dedicated |abel that is used to stitch two
RSVP- TE LSPs or two Segnent Routing paths

SL(i): A Stitching Label that |inks domain(i-1) to domain(i) and is
conveyed as an inter-domain BSID

TPB(): An enpty TE- PATH BINDI NG TLV to request an inter-domain BSID
i.e. a Stitching Label

TPB(i): A TE-PATH BINDI NG TLV with an inter-domain Bi ndi ng Val ue
equal to the Stitching Label SL(i).

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

2. Stitching Labe

This section introduces the concept of Stitching Label that allows
stitching and nesting of local paths in order to forman inter-domain
path that cross several different domains.

2. 1. Definition

The operation of stitch or nest a local path(i) to a |ocal path(i+1)
in order to formand inter-domain path mainly consists in defining
the | abel that the output BN-ex(i) will use to send its traffic to
the entry BN-en(i+1). |Indeed, the entry BN-en(i+1) needs to identify
the incomng traffic (e.g. |IP packets), in order to know if this
traffic nmust follow the |ocal path(i+1l) or not. Forwarding

Equi val ent Class (FEC) or SR Policy could be used for that purpose.
But, when stitching or nesting tunnels, the FEC or SR Policy is
reduced to the incomng |abel that the entry BN-en(i+1) has chosen
for the local path(i+1).
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In this docurment, we introduce the termof "Stitching Label (SL)" to
refer to this label for RSVP-TE and SR -MPLS and to refer to SRv6 SID
for SRv6 Dataplane. Such |label is usually exchanged between out put
BN-ex(i) and entry BN-en(i+1) with the RSVP-TE signaling. But, as we
want to avoid to use RSVP-TE signaling due to operationa

constraints, and allow conpatibility support for Segnment Routing,

this Stitching Label is here conveyed by PCEP. Binding Label /
Segnment ldentifier (BSID) [RFC9604] defines a new TE- PATH Bl NDI NG TLV
to exchange a Bi ndi ng Segment / Label ldentifier (BSID) between a PCC
and a PCE. This BSIDis then used to steer incomng traffic using
this BSID into the associated path. Thus, the Stitching Labe

defines in this draft is a particular use case of BSID, naned inter-
domai n BSI D, and could be conveyed in the TE-PATH BI NDI NG TLV of the
LSP bject without any nodification of PCEP nor PCEP (bjects.

2.2. Inter-domain traffic steering

If BSID allows to automatically steer traffic identified with this
BSID into the associated path, for inter-domain BSID, it is different
as the Stitching Label is associated to the inter-domain |ink LK(i+1)
i.e. the link between the border node BN-ex(i) of the domain(i) and
the border node BN-en(i+1) of the domain(i+1). |ndeed, the Border
Node BN-en(i+1) needs to received the traffic identified by the
Stitching Label SL(i+1) fromBN-ex(i). Thus, it is necessary to
instruct the border node BN-ex(i) to push the Stitching Label (i+1) on
top of the packets of traffic going fromdomin(i) to domain(i+1),
and send themto the border node BN-en(i+1) through the inter-domain
link LK(i+1). Depending of technol ogy used by domain(i), RSVP-TE or
Segnent Routing, the operation uses two different approaches.

) )
+----+ - ) +----+ LK(i+1) +----+ ( )-.
| BN | ( Domai n(i) )| BN [------------ | BN |( Domain(i+l )
+----+ 7 ) +----+ SL(i+1) +----+ ( ). -’

I () I [ - ).
BN-en(i) BN-ex(i) BN-en(i +1)

Figure 2: Inter-domain Link
2.2.1. Stitching RSVP-TE

In case of RSVP-TE, the Border Node BN-ex(i) needs to receive the
Stitching Label from BN-en(i) through the RSVP-TE nmessage and i nstal
inits L(F)IB a SWAP instruction to the Stitching Label and forward
it to the next Border Node BN-en(i+1). For that purpose, the Egress
Control nmechanism as per RFC4003 section 2.1 [ RFC4003], is
RECOMVENDED to instruct the Border Node BN-ex(i) of this action
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O her mechanisms to programthe L(F)IB could be used, e.g. NETCONF.

Thus, PCE(i) SHOULD provide SL(i+1) and LK(i+1) to the PCC BN-en(i)
through the ERO = {..., [LK(i+1), SL(i+1)]} as the | ast SubQnject in
conformance to [RFC4003]. As a result, BN-ex(i) installs inits MPLS
L(F)IB the SWAP instruction to |abel SL(i+1) with forward to LK(i+1).
It is left to inplementation of PCE to get the LK(i+1l) value. ne
solution consist to retrieve it fromthe PKS(i) or the ERO previously
comput ed during the BRPC process.

2.2.2. Stitching Segnent Routing

In case of Segnment Routing, the Stitching Label SL(i+1) will be
inserted into the | abel stack in order to becone the top |abel in the
stack when the packet reaches BN-en(i+1). Thus, the Stitching Label
SL(i+1) serves as a Binding SID entry for BN-en(i+1) to identify the
packets that follow the next Segnent Path. For that purpose, BN
en(i) MUST install inits MPLS L(F)IB an instruction to replace the
incom ng Stitching Label SL(i) by the | abel stack given by the ERQ(i)
plus the Stitching Label SL(i+1).

When a packet reaches BN-ex(i), the last label in the stack before
the | abel SL(i+1) corresponds to a SID that allows to reach BN
en(i+1). Wen there are multiple interfaces between Border Nodes,
BN-ex(i) needs to know how to send the packets to BN-en(i+1).
Simlarly to the Egress Control mechani smused with RSVP-TE, it is
RECOMVENDED to use the inter-domain SID defined as per draft Egress
Peer Engi neering [ RFCO086] for that purpose. The inter-domain SID
naned here |-SID(i+1) is announced by BN-ex(i) to PCE(i) through BGP-
LS for each interface that connects BN-ex(i) to neighbors BN-en(i+1).
Thus, PCE(i) SHOULD provide SL(i+1) and I-SID(i+1) to the PCC BN\
en(i) through the ERO so that the | abel stack will end with {BN
ex(i) SID, I-SID(i+1), SL(i+1)} and should be processed as foll ows:

* The penultinmate router of donmmin(i) pops its node SID, and sends
the packet to the next node designated by the top |abel in the
| abel stack, i.e. the node SID of BN-ex(i) or the adjacency SID of
the link between the router and BN-ex(i).

* BN-ex(i) pops its node SID or its adjacency SID and | ooks up the
next |label in the stack, i.e. the inter-donain SID which
corresponds to the interface to BN-en(i+1). BNex(i) pops this
inter-domain SID as well and sends the packet to BN-ex(i) through
the corresponding interface.

* BN-en(i+1l) |ooks up the top | abel which is the Stitching Label
SL(i+1), pops it and replaces it by the sub-sequent |abel stack.
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O her mechani sms, e.g. NETCONF, could be used to configure the inter-
domain SID on exit Border Nodes.

2.2.3. Stitching SRv6

Segnment Routing over |Pv6 (SRv6) Network Programm ng [ RFC8986] offers
the possibility to specify a packet processing program by encoding a
sequence of instructions in the | Pv6 packet header. Binding Label /
Segment ldentifier (BSID) [RFC9604] offers also the possibility to
request an SRv6 Binding SIDto the PCC. Thus, sinmlar to SR-MPLS
case, PCE will conpute the SRv6 Policy and insert the Stitching Label
SL(i+1) represented by an SRv6 SID as the |ast SRv6 Locator in the
SRv6 Header (SRH). Thus, when the packet reach the BN-en(i+1)
router, the Stitching Label SL(i+1) serves as an SRv6 entry to
identify the next Segment Path. For that purpose, the requested SRv6
Bi nding SI D MUST be conposed of an SRv6 SID with Behavi or and
Structure in order for the BN-en(i+1) to determine howto route
packet to the next Segment Path. For that purpose, End.B6 or

End. B6. Encaps MJST be used.

Li ke for SR-MPLS case, when there are multiple interfaces between
Border Nodes, BN-ex(i) needs to know how to send the packets to BN
en(i+1). Simlary to SR-MPLS and Egress Peer Engineering, it is
RECOMVENDED to use BGP-LS extension for SRv6 [ RFC9514] to collect the
different SRv6 BGP Peer Node SID. Then, PCE MJST select the
appropriate SRv6 BGP Peer SID during the path conputation in
particular for BN-ex(i) to send the traffic to BN-en(i+1) on the
appropriate interface. This tine, an SRv6 End. X MJST be used and
inserted before the Stitching SRv6 SID. The gl obal operation is as
foll ow

* The penultimate router of domain(i) selects the next SRv6 Locat or
in the Segnent Routing Header (SRH) and sends the packet to the
next node designated by this SRv6 SID which corresponds to router
BN-ex(i).

*  Then, BN-ex(i) selects the next SRv6 Locator in the SRHi.e. a
SRv6 End. X SI D which corresponds to the sel ected Adjacency |ink
between the router BN-ex(i) and the router BN-en(i+1l) and sends
packets to BN-en(i+1) on the appropriate |ink.

* In turn, BN-en(i+1) selects the next SRv6 Locator in the SRH which
is the last one in the stack and corresponds to the Stitching
Label SL(i+1). This SRv6 SID End.B6 or End.B6. Encaps instructs
the router BN-en(i+1) to pop this SRv6 header and to replace it by
the new SRH that corresponds to this Binding SID. Packets are
then forwarded in domain i+1 according to the new SRv6 header.
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2.2.4. Strict traffic steering

The Bi ndi ng Label / Segment ldentifier has been defined as a gl obal
traffic steering identifier. Thus, if an entry border node BN-en(i)
is configured with a Stitching Label SL(i), any domain connected to
this border node through different interface could send traffic to
domai n(i) and subsequent donmins even if they are not part of the

i nter-domai n path. However, sonme operators would prefer to configure
a strict enforcenment of traffic steering. In this case, the border
node BN-en(i) SHOULD restrict the MPLS L(F)IB configuration or SRv6
Endpoi nt Behavi or to accept traffic with the Stitching Label SL(i)
fromonly the incomng link LK(i).

2.3. Inter-domain Flags for TE-PATH Bl NDI NG TLV

In order to convey the Stitching Label and nanage traffic steering at
inter-domain, this specification defines new flags (See | ANA section
of this docunent) for the Binding Label / Segnent Identifier. The
format of the TE-PATH BINDI NG TLV is defined in Binding Label /
Segnment ldentifier (BSID) [RFC9604] and included here for easy
reference with the addition of the new flags as foll ow

0 1 2 3
01234567890123456789012345678901
e T S S S e i i S DU S S S S R S T S S

| Type = 55 | Lengt h |
B i s T T i i o S o T Ji I
| BT |RII|S Flags | Reserved |

i i i T i I S i e s o o i i
~ Bi ndi ng Val ue (variabl e I ength) ~
R et e s i o e s i i

Fi gure 3: TE- PATH BI NDI NG TLV

* | flag: Inter-Domain Binding indicates that this Binding Val ue
corresponds to an inter-domain path, thus that this Binding Val ue
is a Stitching Label.

* S flag: Strict Binding indicates that the PCC MIST restrict the
Bi nding Value to the interface that corresponds to the domain
source End-Point of the associated path and MJST reject incom ng
traffic with this Binding Val ue when it reaches the PCC through
anot her interface.
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2.4. QOperations

An empty TE-PATH-BINDING TLV with the | flag set to 1 MJST be present
in a PClnitiate nessages sent by a PCE(i-1) to its neighbor PCE(i) in
the Backward Recursive nmethod or by the Parent PCE to the Child
PCE(i) to initiate a newinter-domain path. 1In its response, the

nei ghbor PCE(i) or Child PCE(i) MJST return a Stitching Label SL in
the TE-PATH-BINDING TLV with the | flag set in the LSP object of the
PCRpt message to PCE(i-1) or the Parent PCE. PCE(i-1) MJST NOT
provide a Stitching Label as a Binding Value of the TE- PATH Bl NDI NG
TLV to its nei ghbor PCE(i).

An enpty TE-PATH BINDING TLV with the | flag set to 1 MJUST be present
in the PClnitiate nmessage sent by a PCE(i) requesting to a PCC of
domain(i) to initiate a new |l ocal path(i) which is part of an inter-
domain path. The | flag MJST be set by the PCE(i) only after
receiving a PClnitiate nessage with an enpty TE- PATH BI NDING with the
| flag set froma neighbor PCE(i-1) in the Backward Recursive nethod
or Parent PCE in the Hierarchical method. 1In its response, the PCC
of domain(i) MJUST return a Stitching Label SL in the TE- PATH Bl NDI NG
TLV with the | flag set in the LSP object of the PCRpt nessage.
Alternatively, the PCE(i) could provide a Stitching Label as a

Bi ndi ng Val ue of the TE-PATH BINDING TLV with the | flag set to the
PCC of the donmain(i) when initiating a new |local path(i) as per
section #8 of draft Binding Label / Segment Identifier (BSID)

[ RFC9604]. If the PCCis not able to allocate a BSID for inter-
domain, it MJUST send a PCErr nessage with Error-Type = 32, "Binding

| abel /SID failure" and Error-Value = 2, "Unable to allocate a new

bi nding | abel/SID" defined in draft Binding Label / Segnent
Identifier (BSID) [RFC9604].

If a PCE(i) receives a PCRpt without a TE- PATH BENDI NG TLV while it
has requested a Stitching Label in the PClnitiate nmessage, it MJST
send a PCErr nessage with Error-Type = 6, "Mandatory Cbject m ssing""
and Error-Value = TBD1, "LSP TE- PATH BINDING missing TLV'. |If a
PCE(i) receives a PCRpt with a TE- PATH- BENDING TLV with the | fl ag
unset while it has requested a Stitching Label in the PCnitiate
message, it MUST send a PCErr nessage with Error-Type = 32: "Binding
| abel /SID failure" and Error-Value = 3: "Unable to allocate a new

bi ndi ng | abel /SID".

PCE(i) SHOULD set the S flag in addition to the | flag if it requests
traffic steering strictly coming froma given interface, i.e.

traffic using the BSID and com ng froma different interface MJST be
rejected by the PCC. When the S flag is set, PCE(i) MJIST set the
EndPoi nt source address of the requested local path with the IP
address of the interface where the traffic is strictly steered. Wen
the PCC receives an LSP object with an enpty TE- PATH BI NDI NG TLV and
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the S flag set, it MJST allocate a Binding Value and configure its
MPLS L(F)IB to accept traffic with this BSID only com ng fromthe
interface identified by the source address of the EndPoint Object.
If the PCCis not be able to strictly steer traffic, it MJST send a
PCErr nmessage with Error-Type = "Binding label/SID failure" and
Error-Value = "Unable to all ocate a new bi nding | abel/SID"

3. Backward Recursive PClnitiate Procedure

This section describes howto set up inter-domain paths that cross
di fferent domains by using a Backward Recursive nethod. It is
conpatible with the inter-domain path conputation by neans of the
BRPC procedure as described in RFC5441 [ RFC5441]. Note that for al
describe processes in this section, the Sitching Label could
corresponds to an MPLS | abel for RSVP-TE, an MPLS | abel or Index for
Segnent Routing or an SRv6 Segnent Identifier with endpoint behavior

3.1. Mde of Operation

This section describes how PClnitiate and PCRpt nessages are conbi ned
between PCE in order to set up inter-domain paths between a source
domain(1l) to a destination domain(n). S and D are respectively the
source and destination of the inter-domain path. Donain(1l) and

domai n(n) are different and connected through 0 (i.e. direct
connection when n = 2) or nore internedi ate domai ns denoted domain(i)
withi =1[2, n-1].
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First, the PCE(1) runs standard BRPC al gorithm as per RFC5441

[ RFC5441] with its neighbor PCEs in order to conpute the inter-domain
path fromS to D, where S and D are respectively a node in the

domai n(1) and domain(n). Path Key confidentiality as per RFC5520

[ RFC5520] SHOULD be used to obfuscate the detailed ERQ(i) of the
different domains(i). The resulting EROis in the form{S, PKS(1),

BN-ex(1), ..., BN-en(i), PKS(i), BN-ex(i), ..., BN-en(n), PKS(n), D}
when Path Key is used and of the form{S, R(1,1), ..., R(1,k), BN
ex(1), ..., BN-en(i), R(i,1), ..., R(i,I), BN-ex(i), ..., BN-en(n),
R(n,1), ..., R(n,m, D} otherwise . As subsequent donains are not

awar e about the conputed end-to-end ERO in case of Virtual Source
Path trees (VSPTs), the final ERO selected by the PCE(1) MJUST be sent
inthe PClnitiate nmessage to indicate to the subsequent PCEs which
pat h has been finally chosen. PCE(1) MJST ensure that this EROis
sel f-conmpr ehensi ve by subsequent PCEs. I|Indeed, when a PCE(i)
receives the ERO it MJST be able to verify that this ERO matches its
own scope and be able to deternine the next PCE(i+1). When Path Key
is used, PCEs MJST encode the Path Key with a reachable | P address so
that previous PCEs in the AS chain are able to join them Wen Path
Key is not used, the PCEs MJST be able to retrieve an | P address of
the next PCE corresponding to the ERO (e.g., relying on a per prefix
tabl e).

The conpl ete procedure with Path Key follows the different steps
descri bed bel ow

Steps 1: Initialization

Once ERQ(S, D) is conputed, PCE(1l) sends a PClnitiate nessage to
PCE(2) containing an ERO equal to {S, PKS(2), ..., PKS(i), ...,
PKS(n), D}, an LSP (Object containing an enpty TE- PATH BI NDI NG TLV
with the | flag set and the End-Points Cbject = (S, D). The ERO
corresponds to the one PCE(1l) has received from PCE(2) during the
BRPC process in which only Path Key are kept. 1In case of nultiple
ERCs, i.e. VSPT, PCE(1) has chosen one of them and used the sel ected
one for the PClnitiate nmessage. PKS(i) could be replaced by the full
ERO description if Path Key is not used by PCE(i).

VWhen PCE(i) receives a PClnitiate nessage fromdomain(i-1) with an
LSP containing an enpty TE-PATH-BINDING TLV with |I flag set and ERO =
{PKS(i), PKS(i+1), ..., PKS(n), D}, it MJIST sends the received
PClnitiate message to PCE(i+1) with a popped ERO and records its
received PKS(i) part. Al PCE(i)s MIST generate the appropriate
PClnitiate message to PCE(i+1) up to PCE(n), i.e. to the destination
domai n(n).

Steps 2: Actions taken at the destination domain(n) by PCE(n)
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When a PClnitiate message reaches the destination domain(n),
PCE(n) retrieves the detailed ERQ(n) fromthe PKS(n) if necessary
and MJST send to BN-en(n) a PClnitiate nmessage with the ERQ(n) =
{BN-en(n), ..., D}, an LSP containing an enpty TE- PATH Bl NDI NG
TLV with the | flag set and End-Points Object = {BN(n), D} in
order to informthe PCC BN-en(n) that this local path(n) is part
of an inter-domain service and that it MJST allocate a Binding
Val ue for this path.

When the PCC BN-en(n) receives the PClnitiate nessage fromits
PCE(n), it sets up the local path fromentry BN-en(n) to D by
means of RSVP-TE signaling or Segment Routing, accordingly to the
PST value, with the given ERQ(n).

Once the tunnel is set up, BN-en(n) chooses a free |abel for the
Stitching Label SL(n) and adds a new entry in its MPLS L(F)IB
with this SL(n) label. Then, it MJST send a PCRpt nessage to its
PCE(n) including PLSP-1D(n) and a TE- PATH BI NDI NG TLV with t he

Bi ndi ng Val ue equal to SL(n) and the | flag set

Once PCE(n) receives the PCRpt nessage fromthe PCC BN-en(n) with
the RRO, PLSP-1D and TE- PATH-BINDING TLV with the | flag set, it
MUST send to the PCE(n-1) a PCRpt nessage containing the TE- PATH
BINDING TLV it received fromthe PCC BN-en(n) and PLSP-1D(n).
PCE(n) MAY add {PKS(n), D} in the RRO

Steps i: Actions perfornmed by all intermediate domains(i), for i = 2
to n-1

1.

Dugeon,

When the PCE(i) receives a PCRpt nessage from domain(i+1) with an
LSP obj ect containing PLSP-I1D(i+1) and a Binding Value in the TE-
PATH-BINDIG TLV with the | flag set, it retrieves the detailed
ERQ(i) fromthe PKS(i), recorded in step 1, if necessary. Then,
it MUST send to the PCC BN-en(i) a PClnitiate nessage with this
ERQ(i), an LSP object containing an enpty TE- PATH Bl NDI NG TLV
with the | flag set and the End-Points Cbhject = {BN-en(i), BN
ex(i)} in order to informthe PCC BN-en(i) that this |ocal
path(i) is part of an inter-domain path and that it MJST allocate
a Binding Value for this path. PCE(i) sets Path Setup Type (PST)
to 0, respectively to 1 to instruct the PCC to enforce the |ocal
pat h by neans of RSVP-TE respectively Segnent Routi ng.

Egress Control nechanism as per RFC4003 section 2.1 [ RFC4003]
for RSVP-TE, respectively, Egress Peer Engi neering [ RFC9086] for
Segment Routing, is used to stitch and steer traffic between the
border node BN-ex(i) and BN-en(i+1). This allow PCE(i) to
instruct the egress node of domain(i), i.e. BN-ex(i), to forward
packets belonging to this tunnel with the Stitching Label. For
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that purpose, PCE(i) should identify the link LK(i+1) by
retrieving fromthe PKS(i) the corresponding |IP address of the
link LK(i+1) for RSVP-TE or fromthe BGP-LS the | abel that could
be used to reach link LK(i+1) for Segnent Routing. As a result,
BN-ex(i) installs inits MPLS L(F)IB the SWAP instruction to

| abel SL(i+1) with forward to LK(i+1). Thus, PCE(i) MJST
complete the ERQ(i), in order to provide the Stitching Label
SL(i+1) and Link identifier LK(i+1) to the PCC, as the last hop
of the local path i.e. ERO(i) = {ERQ(i), [LK(i+1), SL(i+1)]}.

3. Wen the PCC BN-en(i) receives the PClnitiate nessage fromits
PCE(i), it sets up the local path fromBNen(i) to BN-ex(i) by
means of RSVP-TE signaling or Segment Routing, accordingly to the
PST value, with the given ERQ(i).

4. Once the tunnel is set up, PCC BN-en(i) chooses a free | abel for
the Stitching Label SL(i) and adds a new entry in its MPLS L(F)IB
with this SL(i) label. Then, it MJST send a PCRpt nmessage to its
PCE(i) including PLSP-1D(i) and a TE- PATH BI NDI NG TLV with the |
flag set containing a Binding Value equal to SL(i).

5. Once PCE(i) receives the PCRpt nessage fromthe PCC BN-en(i) with
the RRO PLSP-1D and TE-PATH- BINDING TLV with the | flag set, it
MUST send to the PCE(i-1) a PCRpt nessage containing the TE- PATH
BINDING TLV it received fromthe PCC BN-en(i) and the PLSP-1D(i).
PCE(i) MAY add {PKS(i), ..., PKS(n)} in the RRO

Steps n: Actions perfornmed at the source domain(1l) by PCE(1)

Once PCE(1) receives the PCRpt nmessage from PCE(2) with the TE- PATH
BINDING TLV with the | flag set containing the Binding Value equal to
the Stitching Label SL(2), it MJST send a PClnitiate nessage to PCC
node S with ERO equal to {ERQ(1), [LK(2), SL(2)]}, once retrieves the
identifier of link LK(2), and End-Points Object = {S, BN-ex(1)}. This
time, no TE-PATH-BINDI NG TLV is provided as the PCC S does not need
to return a Stitching Label SL, because it is the head-end of the
inter-domain path. A usual PCRpt message is sent back to PCE(1l) by
the PCC node S.

3.2. Exanple

In the figure below, two different domains S and D are interconnected
through BN respectively BN-S and BN-D. PE-S and PE-D are edge
routers. All routers in the figure are connected to their respective
PCE through PCEP. In this exanple, we consider that PCE(S) needs to
set up an inter-donmmin path between PE-S and PE-D acting as source
and destination of the path. To sinplify the figure, neither
intermedi ate routers between (PE-S, BN-S), (BN-D and PE-D), nor RSVP-
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TE nmessages are represented, but they are all presents. The
followi ng notation is used (in this exanple, we use the PKS for the
sake of sinplicity):

*

PKS(D) = Path Key corresponding to the path fromBN(D) to PE-D

ERQ(D) = Explicit Route Object corresponding to the path from
BN(D) to PE-D, retrieved from PKS(D)

RRO(D) = Record Route (hject of the local path(D) fromBND) to
PE- D

SL(D) = Stitching Label for the local path fromBN(D) to PE-D

ERQ(S) = Explicit Route Object corresponding to the path fromPE-S
to BN(S)

RRO( S)
TPB(1)

Record Route Object of local path(S) fromPE-S to BN(S)

Enpty TE- PATH-BINDI NG TLV with the | flag set

TPB(1, SL) = TE-PATH-BI NDI NG TLV wi th Bi ndi ng Val ue equal to
Stitching Label SL and the | flag set
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[ -------- St andard BRPC exchange ------------ ]

I I
| PClnitiate(ERO={PKS(D)}, TPB(I)

I I
PCl ni ti at e(ERO = ERQ(D), TPB(I))
| <-eeeee |

I I
PCRpt (RRO = {RRO(D)}, TPB(I, SL))
I

PCRpt (RRO = {PKS(D)}, TPB(l, SL), PLSP-1D(D))
| e |

I
PCl nitiate( ERO={ERQ(S), LK(D), SL(D, BN(D})

I

I

T | | |

| PCRpt(RRl():{RRO(S)}) I I

------- >

I I I I
T + T +
I I I I
| F-- - - - + PCEP | F-- - - - + |
| +---->|PCE(S)| <-------mmmmm e - >| PCE( D) | |
| | AEEEEEE + I I Ho--- - + I
| | n I I non I
| | I I I || I
| | PCEP I I I || I
| | | PCEP | | PCEP | | PCEP |
| v | | | [ |
(PE-S) +--- - - > (BN-S) <--------- > (BN-D)<----+ +----> (PE-D
| | Inter-Domain | |
| Domain (S) | Li nk | Domai n (D) |
T + T +
[--- LSP Tunnel (S) ---][---- SL label ----][--- LSP Tunnel (D) ---]

Figure 4: Exanple of inter-domain path setup between two domains
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3.3. Conpletion Failure of Inter-domain Path Setup Procedure

In case of error during path setup, PCRpt and or PCErr nessages MJST
be used to signal the problemto the nei ghbor PCE dommi n backward.

In particular, if the newl flag of the TE-PATH BI NDI NG TLV defi ned
in this docunent is not supported by the nei ghbor PCE or PCC, the
PCE, respectively PCC, MUST return a PCErr nmessage with Error-Type =
"Binding |abel/SID failure" and Error-Value = "Unable to allocate a
new bi nding | abel /SID" (as per section #12 of draft Binding Label /
Segnent ldentifier (BSID) [RFC9604]) to its nei ghbor PCE respectively
PCE.

If a PCE(i) receives a PClnitiate nmessage fromits peer PCE(i-1)

wi thout an TE-PATH-BINDING with the | flag set in the LSP object, it
MUST return a PCErr nmessage with Error-Type = 24 (LSP instantiation
error) and Error-Value = 1 (Unacceptable instantiation paraneters) to
its peer PCE(i-1).

Following a PClnitiate nessage with an LSP object containing an enpty
TE- PATH- BI NDING TLV with the | flag set, if a neighbor PCE(i+1) or a
PCC returns no TE-PATH BI NDI NG TLV, or a TE- PATH Bl NDI NG TLV wi t hout
the | flag set, the PCE(i), respectively the PCE(i), MJST return a
PCErr nmessage with Error-Type = "Binding label/SID failure" and
Error-Value = "Unable to allocate a new binding |abel/SID".

In case of conpletion failure, the PCE(i) MJST propagate the PCErr
message up to the PCE(1). |In turn, PCE(1) MJIST send a PClnitate
message (R flag set in the SRP hject as per [RFC8281]) to tear down
this inter-domain path fromits nei ghbor PCEs. PCE(i) MJST propagate
the PClnitiate nessage and renove its | ocal path by nmeans of
PClnitiate nmessage to its PCC BN-en(i) and send back PCRpt message to
PCE(i-1).

In case of error in domain(i+1), PCE(i) MAY add the AS nunber of
domai n(i+1) in the RROto identify the faulty donmain.

4., H erarchical PClnitiate Procedure

This section describes howto set up inter-domain paths that cross
different domains by using a hierarchical nmethod. It is conpatible
with inter-domain path conputation as described in [ RFC6805]. Note
that for all describe processes in this section, the Sitching Label
could corresponds to an MPLS | abel for RSVP-TE, an MPLS | abel or

I ndex for Segnent Routing or an SRv6 Segment ldentifier with endpoint
behavi or.
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4.1. Mde of Operation

Thi s section describes how PClnitiate and PCRpt nessages are conbi ned
between PCEs in order to set up inter-domain paths between a source
domai n(1l) to a destination domain(n). S and D are respectively the
source and destination of the inter-domain path. Donain(1l) and

domai n(n) are different and connected through O or nore internediate
domai ns denoted domain(i) with i = (2, n-1). Domains are directly
connected when n = 2.

First, the Parent PCE contacts its Child PCE as per [RFC6805] in
order to conpute the inter-domain path fromS to D, where S and D are
respectively a node in the domain(1l) and domain(n). Path Key
confidentiality as per RFC5520 [ RFC5520] SHOULD be used to obfuscate
the detailed ERQ(i) of the different domains(i). The resulting ERO
is of the form (S, PKS(1), BN-ex(1l), ..., BN-en(i), PKS(i), BN-ex(i),
..., BN-en(n), PKS(n), D) when Path Key is used and of the form{sS,
R(1,1), ..., R(1,k), BN-ex(1l), ..., BNen(i), R(i,1), ..., R(i, 1),
BN-ex(i), ..., BN-en(n), R(n,1), ..., R(n,m, D} otherw se.

The conpl ete procedure with Path Key follows the different steps
descri bed bel ow

Step 1. Initialization

1. The Parent PCE MJST send a PClnitiate nmessage to Child PCE(n)
with an ERO = {PKS(n)} an LSP contai ning an enpty TE- PATH Bl NDI NG
TLV with the | flag set and End-Points = {BN-en(n), D}. Then,
PCE(n) retrieves the ERO fromthe PKS(n), if necessary, and MJST
send to BN-en(n) a PClnitiate nessage with the ERQ(n) = {BN
en(n), ..., D}, an LSP Ohject with enpty TE-PATH BI NDING TLV with
the | flag set and End-Points hject = {BN-en(n), D} in order to
informthe PCC BN-en(n) that this | ocal path(n) is part of an
inter-domain path and that it MJST allocate a Binding Value for
this path.

2. Wen the PCC BN-en(n) receives the PClnitiate nessage fromits
PCE(n), it sets up the local path fromthe entry BN-en(n) to D by
means of RSVP-TE signaling or Segnent Routing, accordingly to the
PST value, with the given ERQ(n).

3. Once the path is set up, it chooses a free label for the
Stitching Label SL(n) and adds a new entry in its MPLS L(F)IB
with this SL(n) label. Then, it MJST send a PCRpt message to its
PCE(n) with PLSP-1D(n) and a TE- PATH BINDING TLV with the | flag
set and a Binding Value equal to SL(n).
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Once PCE(n) receives the PCRpt nessage fromthe PCC BN-en(n) with
the RRO, PLSP-1D and TE- PATH BINDING TLV with the | flag set, it
MJST send to its Parent PCE a PCRpt nessage containing the TE-
PATH- BINDI NG TLV it received fromthe PCC BN-en(n) and PLSP-
ID(n). PCE(n) MAY add PKS(n) in the RRO

Steps i: Actions perforned for all intermediate domains(i), for i =

n-1

1.

Dugeon,

to 2

Once the Parent PCE receives a PCRpt nessage from Child PCE(i +1),
it MUST send a PClnitiate nmessage to Child PCE(i) with an LSP
obj ect containing an enpty TE-PATH BINDING TLV with the | flag
set, the ERQ(i) to which it appends the SL(i+1) i.e. ERQi) =
{PKS(i), SL(i+1)} and End-Points = {BN-en(i), BN-ex(i)}.

When PCE(i) receives a PClnitiate nessage fromits Parent PCE, it
retrieves the detailed ERQ(i) fromthe PKS(i) if necessary.

Then, it MJST send to the PCC BN-en(i) a PClnitiate nessage with
an LSP object containing an enpty TE-PATH BINDI G TLV with the |
flag set, this ERQ(i) and End-Points Gbject = {BN-en(i), BN
ex(i)} in order to informthe PCC BN-en(i) that this |ocal
path(i) is part of an inter-domain path and that it MJST allocate
a Binding Value for this path. PCE(i) sets Path Setup Type (PST)
to 0, respectively to 1 to instruct the PCC to enforce the | ocal
path by means of RSVP-TE respectively Segnment Routi ng.

Egress Control nechanism as per RFC4003 section 2.1 [ RFC4003]
for RSVP-TE, respectively, Egress Peer Engi neering [ RFC9086] for
Segnent Routing, is used to stitch and steer traffic between the
border node BN-ex(i) and BN-en(i+1). This allow PCE(i) to
instruct the egress node of domain(i), i.e. BN-ex(i), to forward
packets belonging to this tunnel with the Stitching Label. For
that purpose, PCE(i) should identify the link LK(i+1) by
retrieving fromthe PKS(i) the corresponding | P address of the
link LK(i+1) for RSVP-TE or fromthe BGP-LS the |abel that could
be use to reach link LK(i+1) for Segnment Routing. As a result,
BN-ex(i) installs inits MPLS L(F)IB the SWAP instruction to

| abel SL(i+1) with forward to LK(i+1). Thus, PCE(i) MJST
complete the ERQ(i), in order to provide the Stitching Label
SL(i+1) and Link identifier LK(i+1) to the PCC, as the last hop
of the local path i.e. ERQ(i) = {EROi), [LK(i+1), SL(i+1)]}.

When the PCC BN-en(i) receives the PCinitiate message fromits
PCE(i), it sets up the local path fromBNen(i) to BN-ex(i) by
means of RSVP-TE signaling or Segnent Routing, accordingly to the
PST value, with the given ERQ(i).
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5. Once the tunnel is set up, PCC BN-en(i) chooses a free | abel for
the Stitching Label SL(i) and adds a new entry in its MPLS L(F)IB
with this SL(i) label. Then, it MJST send a PCRpt message to its
PCE(i) with PLSP-1D(i) and a TE- PATH- BI NDING TLV with | flag set
and a Bi nding Value equal to SL(i).

6. Once PCE(i) receives the PCRpt nmessage fromthe PCC BN-en(i) with
the RRO, PLSP-1D and TE- PATH BINDING TLV with the | flag set, it
MJST send to its Parent PCE a PCRpt nessage containing the TE-
PATH- BINDI NG TLV it received fromthe PCC BN-en(i) and the PLSP-
ID(i). PCE(i) MAY add {PKS(i), ..., PKS(n)} in the RRO

7. Once the Parent PCE receives the PCRpt nmessage fromthe Child
PCE(i), it stores the corresponding PLSP-ID for this inter-domain
pat h part.

Steps n: Actions perforned to the source domain(1)

Finally, the Parent PCE MJST send a last PClnitiate nessage to its
Child PCE(1) with an LSP (bj ect containing an enpty TE- PATH- Bl NDI NG
TLV with the | flag set, ERO = {PKS(1), SL(2)} and End-Points = {S,
BN-ex(1)}. In turn, Child PCE(1) MJUST send a PClnitiate nessage to
PCC node S with ERO equal to {ERO(1), [LK(2), SL(2)]} and End-Points
hject = {S, BN-ex(1)}. This time, no TE-PATH BINDI NG TLV is provided
as the PCC S does not need to return a Stitching Label SL, because it
is the head-end of the inter-domain path. A usual PCRpt nessage is
sent back to PCE(1) by the PCC node S. In turn, Child PCE(1) sends a
final PCRpt nessage to the Parent PCE with the PSLP-1D(1). PCE(1)
MAY add {S, BN-ex(1)} in the RRO

4.2. Conpletion Failure of Inter-domain Path Setup Procedure

In case of error during path set up, PCRpt and/or PCErr messages MUST
be used to signal the problemto the Parent PCE. |In particular, if
the new | flag of the TE-PATH BI NDI NG TLV defined in this docunment is
not supported by the Child PCE or the PCC, the Child PCE,
respectively the PCC, MJUST return a PCErr nmessage with Error-Type =
"Binding |abel /SID failure" and Error-Value = "Unable to allocate a
new bi nding | abel /SID' (as per section #12 of draft Binding Label /
Segnent ldentifier (BSID) [RFC9604]) to its Parent PCE respectively
PCE.

If a PCE(i) receives a PClnitiate nmessage fromits Parent PCE w t hout
a TE-PATH-BINDING with the | flag set in the LSP, it MJST return a
PCErr message with Error-Type = 24 (LSP instantiation error) and
Error-Value = 1 (Unacceptable instantiation paraneters) to its Parent
PCE.
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Following a PClnitiate nessage with an LSP containing an enpty TE-
PATH BINDING TLV with the | flag set, if a Child PCE or a PCC returns
no TE- PATH BI NDI NG TLV, or a TE-PATH BINDI NG TLV wi thout the | flag
set, the Parent PCE, respectively the Child PCE, MJST return a PCErr
message with Error-Type = "Binding label/SID failure" and Error-Val ue
= "Unable to allocate a new binding | abel/SID".

In case of conpletion failure, the Parent PCE MJST send a PClnitate
message (R flag set in the SRP Object as per [RFC3281]) to tear down
this inter-domain path fromthe Child PCEs that already set up their
respective part of the inter-domain path. Child PCE(i) MJST renove
its local path by means of PClnitiate message with Rflag set to 1 to
its PCC BN-en(i) and send back a PCRpt nmessage to the Parent PCE

In case of error during path setup, PCRpt and or PCErr nessages MJST
be used to signal the problemto the nei ghbor PCE dommi n backward.

Exampl e for Stateful H PCE Stitching Procedure

Taki ng the sanpl e hierarchical domain topol ogy exanple from [ RFC6805]
as the reference topology for the entirety of this section.
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Figure 5: Hierarchical

domai n t opol ogy from RFC6805

Section 3.3.1 of [RFC8751] describes the per-domain stitched LSP node

and list all
the reference architecture described in the figure above,

the steps needed. To support SL-

based stitching, using
the steps

are nodified as follows (note that we do not use PKS in this exanple
for sinplicity):
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Step 1: initialization

The P-PCE (PCE5) is requested to initiate a path. Steps 4 to 10 of
section 4.6.2 of [RFC6805] are executed to deternine the end-to-end
path, which are split into per-domain paths, e.g. {S- BM1,

BN41- BN33, BN33-D}.

Step 2: Path (BN33-D) at C- PCES:

1. The P-PCE (P-PCE5) sends the initiate request to the G PCE
(C-PCE3) via PClnitiate nessage for path (BN33-D) with
ERO={ BN33.. D} and an LSP object containing an enpty TE- PATH
BINDING TLV with the | flag set and PST = 0/1 based on the setup

type.

2. GC-PCE3 further propagates the initiate nessage it receives from
P- PCE t o BN33.

3. BN33 initiates the setup of the path and reports to the status
("GO NG UP') to C PCE3.

4. C-PCE3 further reports the status of the path to the P-PCE
( P- PCE5)

5. The node BN33 notifies the path state to CPCE3 when the state is
"UP"; it also sends the Stitching Label (SL33) as the Binding
Val ue of the TE-PATH BINDING TLV with the | flag set and the RRO
t hrough the PCRpt nessage.

6. GC-PCE3 further reports the PCRpt nessage it receives fromBN33 to
t he P-PCE (P-PCE5).

Step 3: Path (BM41-BN33) at C- PCE4

1. The P-PCE (P-PCE5) sends the initiate request to the C PCE
(C-PCE4) via PCnitiate message for path (BN41-BN33) with
ERO={ BN41. . BN42, SL33, BN33} and an LSP object containing an enpty
TE- PATH- BI NDING TLV with the | flag set and PST = 0/1 based on
the setup type.

2. GC-PCE4 further propagates the initiate nessage it receives from
P-PCE to BN41 once conplete the the EROw th the Link Identifier
LK33 i.e. EROC={BM1..BN42, LK33, SL33, BN33}.

3. BM1l initiates the setup of the path and reports the path status
("GO NG UP') to C PCE4.
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C-PCE4 further reports the status of the path to the P-PCE
( P- PCES) .

The node BN41l notifies the path state to CPCE4 when the state is
"UP"; it also sends the Stitching Label (SL41) as the Binding

Val ue of the TE-PATH BINDING TLV with the | flag set and the RRO
through the PCRpt nessage.

C-PCE4 further reports the PCRpt nessage it receives fromBN1 to
the P-PCE (P-PCE5).

Step 3: Path (S-BN41) at G- PCEl

1.

5. I nt

The P-PCE (P-PCE5) sends the initiate request to the C PCE

(G PCE1) via PClnitiate nmessage for path (S-BN41) with

ERO={S. . BN13, SL41, BN41} and an LSP object containing an enpty TE-
PATH BINDI NG TLV with the | flag set and PST = 0/1 based on the
setup type.

C-PCEl further propagates the initiate nessage it receives from
P-PCE to node S once conplete the the EROw th the Link
Identifier LK41 i.e. ERO={S..BN13, LK41, SL41, BN41}.

Sinitiates the setup of the path and reports the path status
("GO NG UP') to C PCEL.

C-PCEl1l further reports the status of the path to the P-PCE
( P- PCE5)

The node S notifies the path state to CPCEL when the state is
IIUPII.

C-PCEl1l further reports the PCRpt nessage it receives fromnode S
to the P-PCE (P-PCE5).

er-donai n Pat h Managenent

This section describes how inter-donmain paths coul d be managed.

5.1. |

nt er-domai n PCE Capabilities

A PCE needs to know if its neighbor PCEs as well as PCCs are able to
participate and setup an inter-donmain path. This docunent defines

new
t he

Dugeon,

PCEP Capability for the recursive nethod and defines new flag for
hi erar chi cal net hod.
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5.1.1. Inter-domain PCE Capability

A new PCE Capabilities is defined for the recursive nethod and the
capabilities to setup inter-domain path. The | NTER- DOVAI N- PCE-
CAPABI LI TY TLV is an optional TLV for use in the OPEN object for PCE
capability advertisenment. |Its format is shown in the follow ng
figure:

+ ON
+ O w

345 789 12
S

+ ~
+ 00

6 9 1

+- e -

| Len

e e e b e e e e e e oo
Fl ags | 6] S|

s e e e e e e d de Fe e e e e e e e e e e e e e e e e e o o+

—
+ T+ O

3456
T
engt h=4
R

+

+

+
I
-+
R|

+

Fi gure 6: | NTER- DOVAI N- PCE- CAPABI LI TY TLV For mat

The Type (16 bits) of the TLV is TBD3. The Length field is 16 bits
Il ong and has a fixed val ue of 4.

The val ue conprises a single 32 bits "Flags" field:

* R (Recursive Path Conmputation - 1 bit): the R flag indicates that
the PCE is supporting a recursive path conputation as per BRPC
[ RFC5441] in order to compute an end-to-end path. This flag MJST
be set only by a PCE when establish a PCEP session with a peer
PCE. PCC MUST keep this flag unset.

* S (I NTER- DOVAI N- STI TCHI NG LABEL- CAPABI LITY - 1 bit): if set to 1
by a PCE, the S flag indicates that the donain is supporting
Stitching Label to set up inter-domain paths i.e. the PCE is able
to participate to an inter-domain path setup by requesting to its
PCC and propagating to its neighbors PCE a Stitching Label. Wen
set by a PCC, the S flag indicates that the PCCis able to provide
a Stitching Label as val ue of TE- PATH BI NDI NG TLV when a PCE
request an Inter-Domain Binding SlID.

* 6 (| NTER- DOVAI N- STI TCHI NG SRV6- CAPABI LI TY - 1 bit): if set to 1 by
a PCE, the 6 flag indicates that the domain is supporting
Stitching by nmeans of SRv6 to setup inter-domain paths i.e. the
PCE is able to participat to an inter-donmain path setup by
requesting to its PCC and propagating to its nei ghbors PCE an SRv6
BSI D as val ue of TA-PATH BI NDI NG TLV when a PCE request an Inter-
Domai n Bi ndi ng SI D.

Unassi gned bits are considered reserved. They MJST be set to 0 on
transm ssion and MJST be ignored on receipt.
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A PCE MUST set the R flag when establishing a PCEP session with a
nei ghbor PCE when performng recursive end-to-end path computation
when adding I nter-Domain Capability to the PCEP Open Message.

A PCE MUST set the S and/or 6 flag when establishing a PCEP session
with a nei ghbor PCE when adding Inter-donmain Capability to the PCEP
Open Message. Both S and 6 flags MJUST be set when PCE is able to
perform i nterworking between SRv6 and MPLS.

A PCC MIST set the S or 6 flag when adding the Inter-Domain
Capability to the PCEP Open Message when establishing a PCEP session
with a PCE

A PCC MIST | eave the R flags unset when addi ng I nter-Domain
Capability to the PCEP Open Message when establishing a PCEP session
with a PCEE |If a PCE receives an Inter-Domain Capability within the
PCEP Open nessage with R flag set froma PCC, then the session
establi shnent MUST fail, and the PCE MJST respond with a PCErr
message using Error-Type 1 (PCEP session establishnment failure) and
Error-Val ue 3 (unacceptabl e and non negoti abl e session
characteristics).

5.1.2. Hierarchical Inter-domain Capability

In order to determine if a PCE supports the Stitching Label
capability, this specification defines new flag (See | ANA section of
this document) for the H PCE-CAPABILITY TLV. The format of the PCEP
H PCE- CAPABI LI TY TLV is defined in H PCE [ RFC8685] and i ncl uded here
for easy reference with the addition of the new flag as follow

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=13 | Lengt h=4 |
R e s T o T S R El ok i R e e S S e o o s
I Fl ags | 6] S| PI

Figure 7: H PCE- CAPABI LI TY TLV For mat

* S (I NTER- DOVAI N- STI TCHI NG LABEL- CAPABI LI TY - 1 bit): if set to 1
by a PCE, the S flag indicates that the domain is supporting
Stitching Label to set up inter-domain paths i.e. the PCE is able
to participate to an inter-donmain path setup by requesting to its
PCC and propagating to its neighbors PCE a Stitching Label. When
set by a PCC, the S flag indicates that the PCCis able to provide
a Stitching Label as value of TE-PATH Bl NDI NG TLV when a PCE
request an Inter-Donai n Binding SID.
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* 6 (I NTER- DOVAI N- STI TCHI NG SRV6- CAPABI LITY - 1 bit): if set to 1 by
a PCE, the 6 flag indicates that the domain is supporting
Stitching by means of SRv6 to setup inter-domain paths i.e. the
PCE is able to participat to an inter-donain path setup by
requesting to its PCC and propagating to its nei ghbors PCE an SRv6
BSI D as val ue of TA- PATH BI NDI NG TLV when a PCE request an Inter-
Domai n Bi ndi ng SID

A PCE MUST set the S and/or 6 flag when establishing a PCEP session
with a neighbor PCE to signal that is able to support the inter-
domai n stateful capability within the H PCE- CAPABILITY TLV to the
PCEP Open Message. Both S and 6 flags MJUST be set when PCE is able
to performinterworking between SRv6 and MPLS

5. 2. Identification of Inter-domain Paths

First, in order to nmanage inter-donmain paths conposed by the
stitching or nesting of local paths, it is inportant to identify
them For this purpose, the PLSP-ID nanaged by the PCEs are conbi ned
to one provided by PCCs to forma global identifier as follow

* PCE(i) in the Backward Recursive nethod or the Child PCE in
Hi erarchical nethod MJUST create a new uni que PLSP-1D for this
inter-domain path part and MJST send it in the PCRpt nessage, to
the PCE(i-1), respectively the Parent PCE. |In addition this new
PLSP-1 D MJUST be associated to the one received fromthe PCC that
instantiates the |local path part for further reference.

* In the H erarchical node, the Parent PCE MJUST store and associate
the different PLSP-1D(i)s received fromthe different Child
PCE(i)s in order to identify the different part of the inter-
domai n pat hs.

* |In the Backward Recursive nmethod, PCE(i) MJST store and associate
its PLSP-I1D(i) and the PLSP-1D(i+1) it received fromthe PCE(i+1).
PCE(n), i.e. the last one in the chain, does not need to perform
such associ ati on.

Further reference to the inter-domain path will use this PLSP-1D(i).
In the Backward Recursive nethod, PCE(i) MJIST replace the PLSP-1D(i)
by PLSP-1D(i+1) in the PCUpd, PCRpt or PCinitiate nessage before
propagating it to PCE(i+1); and PCE(i) MJST replace the PLSP-I1D(i +1)
by PLSP-1D(i) in the PCRpt message before propagating it to the
PCE(i-1). 1In the Hi erarchical nethod, the Parent PCE MJUST use the
corresponding PLSP-1D(i) of the Child PCE(i).
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5.3. Inter-donain Association Goup

After a failure or reboot, when PCE(i) starts, it will receive PCRpt
messages fromits PCCs and nei ghbors PCE(i+1) to synchronize the
Inter-domain paths. In addition, it may receive PClnitiate nessages
fromits previous neighbors PCE(i-1) to re-initiate its inter-domain
path part. As the PCE(i) may |ost the PLSP-1D association, or PLSP-
I D change, a new association group (within Association Object) is
used to ease the association of the distinct parts of the inter-
domai n path: the local part and the PCE-to-PCE part. The use of the
Associ ation hject is MANDATORY in the Backward Recursive nethod and
OPTIONAL in the Hierarchical nethod.

For that purpose, a new Inter-Domain Association within the PCEP
ASSQCI ATI ON OBJECT defined in PCEP Extensions for Establishing

Rel ati onshi ps between Sets of Label Sw tched Pat hs [ RFC8697], and

i ncluded here for easy reference, is defined with the addition of the
new Type val ue TBD4 as foll ow

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| Reserved | Fl ags | R

R o o e e el i S S S S i S i ol S S e e e s

| Associ ation Type = TBD4 | Association ID |

B T I e R i i i T S S e e I e ik oI I S S e S S

~ I Pv4 or 1 Pv6 Association Source (4 or 16 bytes) ~

I R s e T S e e S S R S e S S e i i it S SR SR R S R e
I

| Type = 30 Length = 4 |
I S i o T s S S S e s s T
| A obal Association Source |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Figure 8: New I nter-Donmain Associ ati on G oup
* Association Type field MJST be set to new val ue TBD4
* Association I D MIST be set to a unique value. In case the
Association IDfield is too short or waps, the first PCE MAY use
t he Extended Association ID to increase the nunber of association
groups. The Association ID is managed locally by the PCE and does
not need to be coordinated with nei ghbor or renote PCEs.

* | PV4 or |Pv6 association source MJST be set to the | P address
which identifies PCE(1) in domain(l).
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* The G obal Association Source TLV MUST be present and set with the
ASN nunber of domain(l). It allows to create a globally unique
associ ation scope without putting constraint on operator’s IP
associ ation source. Thus the I P Association Source is associated
with the G obal Association source to forma unique identifier

* Extended Association |ID MAY be present and MANDATCRY i f
association IDis too short or waps.

The first PCE in the Backward Recursive chain (the one which received
the initial request) MJST send the PClnitiate nessage with an
Associ ation Ohject as foll ows:

Subsequent PCE(i), for i = 2 to n, MIST send this Association Object
unnodi fied to the I ocal PCC and the nei ghbor PCE(i +1).

In case of error with the association group, a PCErr nessage MJST be
raised with Error = 26 (Association Error) and Error val ue set
accordingly. A new Error value TBD2 is defined to identify

associ ation of inter-domain paths.

In the Hierarchical nethod, the Parent PCE MAY act as the initiator
of the Association and send to the Child PCEs an Associ ati on Obj ect
that follows the same rules as for the Backward Recursive nmethod. In
turn, Child PCEs MJST propagate the Association Object to the |oca
PCCs.

5.4. Modification of Inter-Domain Paths

The nodification of the inter-domain path is nore conplex as for a
single domain. |Indeed, it inplies the simlar coordination of the
PCE(i) along the inter-domain path. Two scenarios need also to be
di stingui sh which have not the same inpact:

* BN-en(l..n) and BN-ex(1l..n) nodes are not nodified: This is the
sinple case where a sinple coordination with PCUpd nessage coul d
be achieved following the sane principle as for the PClnitiate
nessage,

* At |east one of BN-en(1l..n) or BN-ex(1l..n) nodes is nodified: This
is the general case which inply a conpl ex coordi nati on between
PCE(i ).

In addition, only PCE(1), respectively the Parent PCE, as PCEP
initiator of the inter-domain path is able to nodify the inter-domain
path and thus nodify the BN-en(1..n) and BN-ex(1l..n) nodes. However,
if a PCE(i) needs to nodify its local path which could inply a
nmodi fication of the BN-en(i) and/or the BN-ex(i) node, it could send
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back a PCRpt message to PCE(1l) with a LSP oject including
Qperational bits set to "Going-Down" i.e. value 3. But, there is no
guarantee that the PCE(1l) or parent PCE will trigger a new inter-
dommi n path conputation to update the inter-domain path when it

recei ves such report.

Thus, when nodification of inter-donmain path inplies the nodification
of a border node between two domains, the operation MJST follow the

" Make- Bef ore- Break"” principle. Indeed, the coordination between the
various PCE(i) will take tinme and all domains involved in the chain
must be sure that the new path is in place before switching the on-
going traffic to the new path to avoid packets | oss. Border nodes
nmodi fication inplies that, at |east, one of the source or destination
of a local path that formthe inter-domain path has been nodifi ed.
Thus, PCUpd nessage coul d not be used as source or destination of the
tunnel has been altered. A PClnitiate nessage nust be used instead
to setup the new |l ocal tunnel. However, once the new |local path is
in place between dormain (i) and domain (i+1), PCE(i), respectively
PCE(i +1) MJST be advertise that the operation is conplete to i)
switch traffic fromold local path to new |local path and ii) renove
their respective old |local paths. This is especially true when a
domain withdrawn fromthe inter-domain path and replace by a new one:
it nmust be advertised to renove the previously allocated resources.

For that purpose, a new PCEP Notification Object has been defined in
order to nanage conplex inter-domain path update and to give the
possibility of internediate domain to trigger a nodification

5.4.1. Inter-Domain PCEP Notification

To help the inter-domain path nanagenent operations, a new
Notification Type of the PCNtf nessage with new Notification Value is
proposed to advertise the PCE(1) or parent PCE that the inter-domain
pat h needs an update and for PCE(1l) or parent PCE to advertise PCE(i)
that the update process has been conpl et ed.

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Reserved | FI ags | NT = TBD5 | NV =1,2 or 3
i i i T i I S i e s o o i i
| LSP- | DENTI FI ERS TLVs |
I I
B i aT T e e o S o S S S I T et sl o ST S S S S S S
Figure 9: New PCEP Notification Type and Value with LSP-I1D TLV

* Notification-Type = TBD5: Inter-domain path needs attention
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* - Notification-Value = 1: PCE(i) requests an inter-domain path
update to the PCE(1)

- Notification-Value = 2: PCE(i) advertises PCE(1) that it could
no longer participate to this inter-donmain path

- Notification-Value = 3: PCE(1l) advertises PCE(2..n) that the
i nter-domai n path has been updat ed

* LSP-1DENTI FI ERS TLVs MJUST be present and set to the PLSP-1D(i) of
the inter-donmain path advertised by the PCE(i) to the PCE(i-1).

When a PCE(i) needs to nodify its local part of the inter-donmain path
which inply the nodification of the BN-en(i) and/or the BN-ex(i)
node, it MJST send a PCNtf nmessage backward to PCE(1l) for the
Backwar d Recursive nethod or the parent PCE for the Hierarchical

met hod with Notification-Type = TBD5 and Notification-Value = 1 with
the PLSP-1D(i) it associated to this inter-domain path. For the
Backward Recursive method, PCE(i), for i-1 to 1, MJST send backward
the PCNtf message to PCE(i-1) up to PCE(1) by replacing the received
PLSP-1D(i+1) by the PLSP-ID(i) it reported previously.

When a PCE(i) would withdraw froman inter-domain path, it MJST send
a PCNtf nmessage backward to PCE(1l) for the Backward Recursive nethod
or to parent PCE for the Hierarchical nethod with Notification-Type =
TBD5 and Notification-Value = 2 with the PLS-1D(i) associated to this
inter-domain path. Propagation of the PCNtf nmessage up to PCE(1) in
the Backward Recursive nmethod is done as previously.

When a PCE(1) for the Backward Recursive nethod or parent PCE for the
Hi erarchical nethod receives a PCNtf message with Inter-domain Type
and Notification-Value set to 1 or 2, it MJST trigger a new path
computation for the inter-domain path identified by the PLSP-I1D
contained in the PCNtf nessage and MUST update the inter-domain path
accordingly.

When an inter-donmain path has been updated, following a PCE(1) or a
parent PCE initiative or subsequent to an Inter-Domain PCNtf nessage
with Notification-Value = 1 or 2, the PCE(1) for the Backward

Recursive nethod or parent PCE for the Hi erarchical nethod MJST send

to PCE(i), for i =1 ton, a PCNtf nmessage with Notification-Type =
TBD5 and Notification-Value = 3 with the PLSP-1D of the inter-domain
path. For Backward Recursive nethod, PCE(i), for i =2 ... n, MJST

replace the PLSP-1D(i) by the PLSP-1D(i+1) they previously associated
for this inter-domain path before forwarding this PCNtf message to
PCE(i +1). For the hierarchical method, the parent PCE MJST send the
PCNtf nmessage with the PLSP-1D(i) reported previously by the PCE(i).
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If a PCE received an Inter-Domain PCNtf nmessage with Notification-
Val ue different fromthe defined value or without the LSP-1D TLV, it
MJST rej ect the message.

5.4.2.

I nter-Donai n path update

If the PCE(1) or the parent PCE would update the inter-donain path,
followi ng the reception of a PCNtf message with Notification-Type =
TBD5 and Notification-Value = 1 or 2 or due to a managenent
operation, it MJST respect the foll ow ng sequence:

*

Start a new end-to-end path conputation, by neans of BRPC for the
Backwar d Recursive method or by contacting Child PCE(i) for the
Hi er archi cal nethod,

Once the new path conputed, PCE(1) MJUST send a PCUpd nessage to
next PCE in the chain and PCE(i) MJST propagate the PCUpd nessage
up to the destination domain PCE(n) for the Backward Recursive
met hod or parent PCE MJST send the PCUpd nessage to the
destination domain Child PCE(n) for the Hierarchical nethod.

Once destination domain reached, each PCE(i) for i = nto 1 MJST
execute the foll owing steps depending if the border nodes are
nmodi fi ed or not:

- BNen(i), BN-ex(i) and BN-en(i+1) are not nodified: PCUpd
message must be used and PCE(i) MJST execute the follow ng
st eps:

- 0 PCE(i) MJIST send the PCUpd nmessage to the PCC BN-en(i) node
with the new path characteristics

o The PCC BN-en(i) process the PCUpd nessage |ike for
PClnitiate nmessage (see section 3.1 or section 4.1) and send
back a Stitching Label within the PCRpt nessage to its
PCE(i). Note that the PCC BN-en(i) MAY return a different
Stitching Label val ue.

0 Once the PCE(i) received the PCRpt nmessage fromthe PCC BN
en(i) with the Stitching Label, it MJST send back a PCRpt
message to the previous PCE(i-1) for the Backward Recursive
met hod or to parent PCE for the Hierarchical nmethod to
acknow edge that the PCUpd nessage has been processed with
the PLSP-1D it allocated previously for its part of the
i nt er-domai n pat h.
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- BNen(i), BN-ex(i) and/or BN-en(i+1) are nodified: PCUpd
message coul d not be used as source and/or destination of the
| ocal part of the inter-domain path has changed. PCnitiate
message nust be used and PCE(i) MJST execute the follow ng
st eps:

- 0 PCE(i) MIST send a PClnitiate nmessage to the updated PCC BN
en(i) node to create the new path between the updated BN
en(i) and BN-en(i+1) nodes through updated BN-ex(i) with the
requested Binding SID Object as described previously in
section 3.1 or 4.1,

0 PCC BN-en(i) process the PClnitiate nmessage as described in
section 3.1 or section 4.1 and send back a Stitching Label
within the PCRpt message to its PCE(i),

0 Once PCE(i) received the PCRpt nessage with the Stitching
Label, it MJST first associate the new PLSP-ID with the
PLSP-ID it allocated previously and reported to PCE(i-1) and
keep the old PLSP-1D of the old PCC BN-en(i) for further
reference. Then, it MJST send back a PCRpt nessage to the
previous PCE(i-1) for the Backward Recursive nethod or to
parent PCE for the Hierarchical nmethod to acknow edge t hat
t he update has been processed with the PLSP-ID it allocated
previously for its part of the inter-domain path,

o PCE(i+1) MJST request a new Stitching Label to its PCC BN
en(i+1) if the BN-ex(i) has been nodified in order to
associ ated the correct Stitching Label with the new Link ID
for the incoming traffic even if border nodes are not
modified in its domain. Then it MJST send a PCRpt nessage
with the new Stitching Value to PCE(i) in order for the
latter to steer the traffic to the new path.

* For the Backward Recursive nethod, when PCE(1) received the PCRpt
message fromits PCC BN-en(1) in response to the PCUpd nessage, it
MUST send a PCNtf nessage with the Notification-Type = TBD5 and
Notification-Value = 2 to advertise the PCE(i), for i =2 to n,
that the inter-domain path has been updat ed:

* - PCE(i), for i =1 to n, MIST renove old local path that is no
nmore part of the inter-domain path followi ng the update in the
case where BN-en(i), BN-ex(i) and/or BN-en(i+1) have been
nmodi fi ed by sending a PClnitiate nessage with Rflag set to 1
to the PCC BN-en(i). PCE(i) could use the old PLSP-ID it keeps
during the update phase to help the renpbval of this old path,
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- PCE(i) MJST update the Inter-Domain Association group with the
new PLSP-1D,

- Then, it MJST forward the PCNtf nessage received to PCE(i +1)
for the Backward Recursive nethod up to PCE(n).

* For the Hierarchical nethod, when parent PCE received the PCRpt
message fromits Child PCE(1) in response to its PCUpd nessage, it
MJUST send a PCNtf nessage with the Notification-Type = TBD5 and
Notification-Value = 2 to advertise the Child PCE(i), for i =
1..n, that the inter-domain path has been updat ed:

* - Child PCE(i), for i =1 to n, MIST renove old |ocal path that
is no nore part of the inter-domain path follow ng the update
in the case where BN-en(i), BN-ex(i) and/or BN-en(i+1l) have
been nodified by sending a PClnitiate nessage with R flag set
to 1 to the PCC BN-en(i). PCE(i) could use the old PLSP-ID it
keeps during the update phase to help the renmoval of this old
pat h,

- PCE(i) MJST update the Inter-Domain Association group with the
new PLSP- 1 D.

The I nter-Domain Associ ati on Cbj ect MJST be present in the PCUpd
message in the Backward Recursive method and MAY be present in the
Hi er archi cal net hod.

5.5. Modification of Local Paths

The nodification of |ocal paths, i.e. between BN-en(i) and BN-ex(i),
is left to the discretion of PCE(i). Mre precisely, if the PCE(i)
wi shes to nodify the |local part of the inter-domain path, it MJST
send a standard PCUpd nessage and wait to receive the correspondi ng
PCRpt nmessage. Once the PCRpt nessage received fromthe PCC BN
en(i), it MJST sends a new PCRpt nessage to advertise the

nmodi fication. This message is targeted to its neighbor PCE(i-1) in
the Backward Recursive method, respectively to the Parent PCE in the
Hi erarchical nethod. |In this case PLSP-1D(i) is used to identify the
inter-domain path. PCE(i-1), respectively the Parent PCE, MJST
propagate the PCRpt nessage if the nodification inplies the upstream
domain, e.g. if the PCRpt nessage indicates that the Stitching Label
SL(i) has changed.

However, in the case of nodification of the |ocal path of inter-
domai n paths, the PCE(i) MJST respect follow ng policy rules:
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*  PCE(i) MJST NOT nodify the BN-ex(i-1), BN-en(i), BN-ex(i) and BN
en(i+1) as the inter-domain path is only delegated to the PCE(i-1)
and is not initiated by the PCE(i),

* PCE(i) MJST NOT degrade the local path regarding the constraints
of the inter-domain path e.g. PCE(i) could not conpute a path with
| arger delay netric or less Bandwidth as initial request,

* The PCE(i) MUST generate a PCRpt message to the PCE(i-1) if and
only if the nodification of the |ocal part of the inter-domain

path affects the domain(i-1), i.e. if the Stitching Label is
nmodi fied or if the nodification failed and the | ocal path goes
down

Al other nodifications that inply to not respect the previous policy
rules, MUST follow the nodification of inter-donmmin path as describe
in previous section.

5.6. Tear-Down of Inter-domain Paths

The tear-down of an inter-domain path is only possible by the inter-
domain path initiator i.e. PCE(1):

* For the Backward Recursive nethod, a PCinitiate message with R
flag set to 1, PLSP-1D set accordingly to section 5.1 and the
Associ ation hject with Rflag set to 1, is sent by PCE(1) to
PCE(n) through PCE(i), and processed the sanme way as described in
section 3.1: tear-down operation starts from PCE(n) backward to
PCE(1) through all PCE(i).

* For the Hierarchical nethod, a PClnitiate nessage with R flag set
to 1 is sent by the Parent PCE to each Child PCE(i) with
corresponding PLSP-1D(i), and processed according to section 4.1:
tear-down operation starts from PCE(n) backward to PCE(1) through
all PCE(i).

Each domain PCE(i) is responsible to tear down its part of the path
and the PCC MJST rel ease both the Stitching label SL(i) inits L(F)IB
and the path when it receives the PClnitiate nessage with the R flag
set to 1 and the corresponding PLSP-1D(i). The Association G oup
MUST al so be renoved by the PCC and PCE(i). Wen PCE(i) received
back the PCRpt nessage fromthe PCC and after renoving all context,
it sends back a PCRpt nmessage to PCE(i-1) to indicate that all 1 ocal
pat hs and contexts have been correctly renoved. This will trigger
tear-down operation on PCE(i-1) and so on.
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5

6

7. Reporting of Inter-domain path status

In stateful nmode, PCC nust report any new nodification of the state
of LSP to their PCE by sending an appropri ate PCRpt nessage.

In the case of inter-domain path, when a PCE(i) receives a new PCRpt
message froma PCC BN-en(i), it MJST send is back to the PCE(i-1)
with the PLSP-1D it reported previously in the Backward Recursive
met hod and to the parent PCE in the Hierarchical nethod if and only
if it inpacts the state of the inter-domain path.

In case a failure appears in domain(i), e.g. path becom ng down,
PCE(i) MJST sends a PCRpt nessage to its nei ghbor PCE(i-1),
respectively its Parent PCE to advertise the problemin its |oca

part of the inter-domain path. Once PCE(1l), respectively the Parent
PCE, receives this PCRpt nessage indicating that the path is down, it
is up to the PCE(1l), respectively the Parent PCE to take appropriate
correction e.g. start a an inter-donmain path update as described in
section 5. 4.

Applicability

The newly introduce Stitching Label SL serves to stitch or nest part
of local paths to forman inter-domain path. Each domain is free to
decide if the incoming path is stitched or nested and how the path is
enforced, e.g. through RSVP-TE or Segment Routing. At the peering
poi nt, the Border Node BN-ex(i) MJST encapsul ate the packet with the
Stitching Label, i.e. the MPLS | abel prior to send themto the next
Border Node BN-en(i+1). Thus, only I P/MPLS networks are supported by
this specification.

1. Mxing Technol ogi es

During the instantiation procedure, if PCE(i) decides to reuse a

| ocal tunnel which is not yet part of an inter-donmain tunnel, it
SHOULD send a PCUpd message with an LSP containing an enpty TE- PATH
BINDING TLV with the | flag set to 1 to the PCC BN-en(i), in order to
request a Stitching Label SL(i), and new ERQ(i) to add the Stitching
Label SL(i+1) and the associated link to the previous ERO

[ RFC8453] describes franmework for Abstraction and Control of TE

Net wor ks (ACTN), where each Physical Network Controller (PNC) is

equi valent to G- PCE and the Milti-Domai n Service Coordi nator (MSC)
to the P-PCE. The per-domain stitched LSP as per the Hierarchica
PCE architecture described in Section 3.3.1 and Section 4.1 of

[ RFC8751] is well suited for ACTN. The Stitching Label nechani sm as
described in this docunent is well suited for ACTN when per-donain
LSPs need to be stitched to forman E2E tunnel or a VN Menber. It is
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to be noted that certain VNs require isolation fromother clients.
The SL mechani sm described in this document can be applicable to the
VN i sol ati on use-case by uniquely identifying the concatenated
stitching | abels across nmulti-domain only to a certain VN nenber or
an E2E tunnel

As each operator is free to enforce the tunnel with its technol ogy
choice, it is a local policy decision for PCE(i) to instantiate the
| ocal part of the end-to-end tunnel by either RSVP-TE, Segnent
Routing or SRv6. Follow ng sections is described how the mappi ng
bet ween t echnol ogy take pl ace:

6.1.1. RSVP-TE and SR-MPLS

The PST value 0 or 1, which indicates if the |ocal segment path is
RSVP- TE or SR-MPLS, used in the PClnitiate nessage sent by the PCE(i)
to the local PCCis determined by the |ocal policy. How the |oca
policy decision is set in the PCE is out of the scope of this
docunent. This flexibility is allowed because the SL used here the
same technology i.e. MPLS Label and allows to mx (data plane)
technol ogi es between domai ns. For exanple, a domain(i) could use
RSVP- TE whil e domain(i+1) uses SR The SL could serve to stitch
indifferently Segnent Paths and RSVP-TE tunnels. |ndeed, the SL will
be part of the label stack in order to becone the top |abel in the
stack when reaching the BN-en(i+1). This SL could be swapped as
usual if the next domain uses RSVP-TE tunnels. When the upstream
domai n uses an RSVP-TE tunnel, the SL will serve as a key for the BN
en(i+1) to determ ne which |abel stack it nmust use on top of the
packet for a Segnent Routing path. Finally, PCE(i) MJST conplete
accordingly ERQ(i) with the identifier of Link(i+1): |IP address of
link between BN-ex(i) and BN-en(i+1) for RSVP-TE or EPE | abel of link
between BN-ex(i) and BN-en(i+1) for Segment Routi ng.

6.1.2. SRv6 and MPLS

Bi ndi ng Segnment (BSID) is bound to SR Policy [RFC8402]. Thus, an SR-
MPLS | abel can be bound to an SRv6 Policy and an SRv6 SID can be
bound to an SR-MPLS Policy which allow such interworking. SRv6 and
MPLS interworking draft [I-D.ietf-spring-srv6-npls-interworking]
defines how SRv6 and MPLS dat apl ane coul d coexi st and how contro

pl ane shoul d be used to coordinate both technology. In particular,
section 7.1.1 defines precisely how SR-PCE coul d be used. It mnakes
the distinction between 60oM (SRv6 to MPLS) and Mb6 (MPLS to SRv6)

i nterworki ng. However, the interworking use case corresponds to core
domai n that interconnect sane technology i.e. SRv6 crossing an MPLS
domai n or MPLS crossing an SRv6 domain while, in this docunent, each
domai ns are independant and we address how i nterworking i s possible
bet ween two adj acent donmai ns i ndependently of service or other
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domai n.
6.1.2.1. 6toM

Packets are processed as described in section 7.1.1.1 (60oM of Srvé
and MPLS interworking draft [I-D.ietf-spring-srv6-npls-interworking].
However, two scenarios shoul d be distingui shed dependi ng whi ch domain
provi des the gateway for the mapping between SR Policy:

* CGateway is router BN-ex(i): In this case, PCE(i) creates an SRv6
Policy on node BN-en(i) with an SRH bounded to an BN-en(i +1)
Endpoi nt End. BM (i nstead of End.B6) associated with the MPLS
Stitching Label SL(i+1) as argunent. Wen BN-ex(i) receives a
packet with such SRv6 Policy, it renmoves the SRH header and push
the Stiching Label SL(i+1) on front of the packet and send it to
the BN-en(i+1) router. Then, BN-en(i+1) processes packet as
descri bed previously.

* Gateway is router BN-en(i+1): In this case, PCE(i) creates an SRv6
Policy on node BN-en(i) with an SRH bounded to an BN-en(i +1)
Endpoint End. X to indicates the inter-domain link followed by an
Endpoi nt End. BM associated with the MPLS Stitching Label SL(i+1)
as argunment. The router BN-ex(i) selects next SRH header i.e.
End. X and sends packet to BN-en(i+1). In turn, BN-en(i+1) renpves
the SRH and then ook to its LFIB with the Stitching Label SL(i+1)
as entry to deternmine which SR-MPLS Policy it should apply: i.e.
the SL(i+1) point to the stack of labels in the case of SR-MPLS or
the | abel of the RSVP-TE tunnel

Sel ection of one of the two scenarios will depend of the presence of
S and 6 flag in PCEP Capability as defined in section 5.1. However,
the first scenario don't need to inplement dual technology in the
Border Nodes but | oose the possibility to select the inter-domain
link while the second scenario allows a fine selection of inter-
domai n Iink but inpose a dual technol ogy support for the router BN
en(i +1).

6.1.2.2. Mo6
Packets are processed as described in section 7.1.1.2 (M#6) of Srvé
and MPLS interworking draft [I-D.ietf-spring-srv6-npls-interworking].
Agai n, two scenarios take place dependi ng which donmain provides the
mappi ng between SR Policy:

* Cateway is router BN-ex(i): In this case, PCE(i) creates an SR-

MPLS Policy on BN-en(i) bounded by a | ocal Binding Label. It also
creates an SRv6 Policy on BN-ex(i) associated to this Binding
Label . When BN-ex(i) receives the packets, it first pops the |ast
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MPLS | abel i.e. the local Binding Label and encapsul ates the
packets with and SRH header which corresponds to the BN-en(i +1)
SRv6 SID with the End. B6. encaps behavi or and an argunent that
corresponds to the Stitching Label SL(i+1). Then, it forward the
packets to BN-en(i+1) as usual and process continue as descri bed
previously.

* Gateway is router BN-en(i+1): In this case, PCE(i) creates an SR-
MPLS Policy on BN-en(i) bounded by Adjacency SID for the inter-
domain link and the Stitching Label SL(i+1). Wen BN-ex(i)
recei ves the packets encapsulated with the Adjacency SID, it pops
this label and send the packet with the last |abel in the stack
i.e. the Stitching Label SL(i+1) to BN-en(i+1). Wen BN-en(i+1)
recei ves the packet, it nust pops this |abel and replaces it by
the SRH header that correspond to the SRv6 Policy created
previously by PCE(i+1). Then it forward the packets according to
the SRv6 Policy as usual

Scenarios are govern by the presence of S and 6 flags in the PCE
Capability defined in section 5.1. Conpared to 6toM use case, the
second scenario is preferred as it is sinpler for an SRv6 aware
router to use an MPLS |label to steer traffic into an SRv6 segnent
path. First scenario |oose the possibility of fine selection of
inter-domain link and it inpose to PCE(i) to setup both and SR- MPLS
and SRv6 Policy in its domain.

6. 2. Inter-Area

If use cases for inter-AS are easily identifiable, this is |ess
evident for inter-area. However, two scenari os have been identified:

* Paths between levels for |S-1S networks.
* Reduction of |abels stack depth for Segnent Routi ng.

Thus, the SL could be used to stitch or nest independent tunnels

depl oyed through different 1S-1S levels, even if there are controlled
by the same PCE. 1S-1S levels are considered as domai ns but under
the control of the sane PCE. 1In this scenario, there is no exchange
between PCEs (it remains internal and inplenentation matter) and new
TLVs are only applicable between the PCE and PCCs. The PCE requests
to the different PCCs it identifies (i.e. BNs of the different IS-1S
| evel s) to set up SLs and propagated them
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In | arge-scal e networks, MSD could constraints the path conputation
in the possibility of path selection i.e. explicit expression of a
path coul d exceed the MSD. The SL could be used to split a too |ong
explicit path regarding the MSD constraints. |In this scenario, there
are al so no communi cati ons between PCEs and new TLVs are only used
bet ween PCE and PCCs.

6. 3. Nested traffic

When a dommin(i) would group into the sane local path all traffic
that entering into the domain through the sanme border node BN-en(i)
and exit by the sanme border node BN-ex(i), it could be useful to
identify the different inter-domain paths within this |ocal path.

I ndeed, traffic entering in this nested | ocal path could goes to
different domains or different destination of the same domain. Thus,
it is mandatory to keep themperfectly identifiable through a

dedi cated Stitching Label. 1In this case, PCE(i) proceeds as if it
nested internal traffic. Nested tunnel MJST be created in top of

exi sting inter-domain |ocal path. Subsequent inter-domain |ocal path
will follow this nested | ocal path. As a consequence, PCE(i) MJST
NOT request a second Stitching Label (i) for an existing inter-domain
| ocal path.

6.4. VPN

For VPN use case, inter-domain paths Iink PEs that spawn in different
domai ns. Such connectivity could be considered as Seam ess MPLS. In
order for the source PE to route L3/L2 VPN packets to the
destination, it nmust be aware that the next-hop BGP i.e. the
destination PE, is joinable through the appropriate inter-domain
path. For that purpose, the corresponding prefix i.e. the L3/L2 VPN
one, must be exchange with 'next hop unchanged’ command to keep
unnodi fied the | P address of the PE which advertised this VPN prefix.
And like for inter-domain option C, Route Reflectors could be used to
exchange and adverti se between dommins the | P addresses of BGP next-
hop i.e. in general the |oopback |IP address of the PE routers.

6.5. Intent-Based Networking
I ntent -Based Networking as per [ RFC9315] defines goal s and outcones

that an inplenentation nmust respect. The present nenp addresses nost
of the concepts of Intent-Based Networking and in particular
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* Froma service point of view, the inter-domain path conputation is
abstracted though by the use of PKS and enforcenment technol ogy
i.e. RSVP-TE, SR-TE, over-provisioning ... is done independently
by each domain. The user is therefore unaware of the details of
the creation, nodification, deletion, and nanagenment of the inter-
domai n path,

* AS path conputation perforned during the initial step allows to
i nclude or exclude some domains all owi ng geography or geo-
political routing,

* Intra-domain path conmputation done by donmain(i) allows to include
or exclude sonme Border Nodes, internal nodes, internal links ..
based on any policy deployed by domain(i) and independently of the
ot her dormai ns,

* Traffic usage is controlled by each domain i ndependently while
end-to-end constraints are respected during inter-domain path
comput ati on and enforcenent.

In addition, the Backward Recursive nethod avoi ds the usage of a
centralize controller and conpletely distributes the service
i nstantiation across the involved domains.

6.6. QoS managenent

VWhen perform ng the path conputation, the initial request to the
PCE(1) could contains the CLASSTYPE (CT) Object in the list of
constrai ned paraneters. This C ass-Type MJST be propagated during
the inter-domain path conputation in the Backward Recursive nethod,
respectively to the Parent PCE in the Hierarchical nethod and take
into account for Bandw dth Reservation. As per [RFC5455], each
PCE(i) MJST store the Cass-Type in order to conplete the path
conputation, in particular in the Backward Recursive nethod. In
addition, the C ass-Type MAY be used by domain(i) to set the EXP bits
in the MPLS | abel in order for router to process the packets
accordingly to D ffServ-TE configured in the domain(i). To maintain
the i ndependence, domain(i) is free to inplement or not DiffServ-TE
queuing, and if DiffServe-TE queuing is inplenented, to configure the
di fferent queue paranmeters with its own traffic engineering rules.
Thus, the proposed nechanismjust allows to propagate the EXP bits

wi thout nodification. |f domain(i) is not able or would not accept
traffic in the specified O ass-Type, during the inter-domain path
computation it MJST reply with a NO PATH Object to domain(i-1) for
the Backward Recursive nmethod, respectively to the Parent PCE in the
Hi erarchi cal nethod
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7.

7.

7.

In case of Bandwi dth Reservation i.e. initial request constraints a
Bandwi dth Metric Object, domain (i) MAY configure the BN-en(i) of the
inter-domain path to verify and enforce traffic corresponding to the
requested bandwi dth with the nechani sm donain(i) seens appropriate.
In other words, domain(i) MAY apply its own traffic engineering and
policy rules at the entry of its domain independently fromthe other
domains. The detail ed configuration of the QoS for the BN-en(i)
router is outside the scope of this draft.

I ANA Consi derati ons
1. TE-PATH BINDI NG fl ag
Bi ndi ng Label / Segment ldentifier (BSID) [RFC9604] defines the TE-

PATH BI NDI NG TLV Flag field. 1ANA is requested to allocate new fl ag
in the PCEP TE- PATH BINDI NG TLV Flags field registry, as foll ows:

[ bl e oo e e e pe
| Bit | Description | Reference |
[ ool el s 1)
| 1 | I (Inter-domain Binding | This |
| | Label/Segnment Identifier) | Document |
+----- I i T I R I +
| 2 | S (Strictly steer | This |
| | traffic) | Document |
+----- R i T R R +

2. PCEP Error Val ues

I ANA is requested to allocate code-points in the PCEP- ERROR Obj ect
Error Values registry for a new error-value of Error-Type 6 Mandatory
oj ect Mssing Error and new error-value of Error-Type 26 Association
Error:

| Error-Type | Error-Value | Description |
[ e —— C—p———————————_ s p—p———— L
| 6 | TBD1 | LSP TE- PATH BI NDI NG ni ssing TLV |
S TR . . +
| 26 | TBD2 | Error in association of Inter- |
| | | dormai n LSPs |
Fomm e oo - o m e e e oo - St +
Table 2
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7.3. PCEP TLV Type Indicators

IANA is requested to allocate a new TLV Type Indicator for the
"Inter-Domain PCE Capability" within the "PCEP TLV Type Indicators”
sub-registry of the "Path Conputation El enment Protocol (PCEP)
Nunbers" registry:

| Value | Description | Reference |
[} ettty C———_———————————————————————— e p—p—p—_— o
| TBD3 | | NTER- DOVAI N- PCE- CAPABI LI TY | This Docunent |
- e e e e e eaeeaaaa . +

Table 3

7.4. Inter-Domain PCE Capability
I ANA is requested to allocate a new sub-registry, naned "I NTER-
DOMAI N- PCE- CAPABI LI TY TLV Flag Field", within the "Path Conputation
El ement Protocol (PCEP) Nunbers" registry, to manage the Flag field
in the | NTER- DOVAI N- PCE- CAPABI LI TY TLV of the PCEP OPEN object (class
= 1). New values are assigned by Standards Action [ RFC8126]. Each
bit should be tracked with the followi ng qualities:
* Bit nunber (counting frombit O as the mpbst significant bit)
* Capability description

* Defining RFC

| Value | Description | Reference |
[} gty e —p—(—(—————————————_————————————————— Ll —p—p—_—r
| 31 | R RECURSI VE- PATH COVPUTATI ON- CAPABI LI TY | This Documnent |
S D e S I +
| 30 | S: | NTER- DOVAI N- STI TCHI NG LABEL- | This Docunent |
| | CAPABILITY | |
N o m 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 o o m e e e oo - +
| 29 | 6: | NTER- DOVAI N- STI TCHI NG | This Document |
| | SRV6- CAPABI LI TY | |
S D e S I +

Table 4
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7.5. H PCE Capability

H PCE [ RFC8685] defines the PCEP H PCE- CAPABI LI TY TLV Fl ags field.
I ANA is requested to allocate new flag in the PCEP H PCE- CAPABI LI TY
TLV Flag field registry, as follows:

| Bit | Description | Reference |
[ gttt Sl —p——————————(—_———————————————— Ll p—p—t—r 0
| 30 | S: | NTER-DOVAI N- STI TCHI NG LABEL- CAPABI LI TY | This Documnent |
e O S I +
| 29 | 6: | NTER-DOVAI N STI TCHI NG SRV6- CAPABI LI TY | This Document |
Hommm- T e I IRy +

Table 5
7.6. Association Type Val ue

PCE Association G oup [ RFC8697] defines the ASSOCI ATI ON bj ect and
requests that | ANA creates a registry to nanage the value of the
Associ ation Type value. 1ANA is requested to allocate a new code
point in the PCEP ASSOCI ATI ON GROUP TLV Associ ation Type field
registry, as follows:

| Association Type | Description |

[} e ——————— Ll —_—(———————————————(———r

| TBD4 | I'nter-domain Association Goup |

. +
Table 6

7.7. PCEP Notify Type and Val ues
I ANA is requested to allocate code-points in the PCEP-NOTI FI CATI ON

oject registry for a new notification type naned "Inter-donain Path"
and new notification values within this Notification-Type as foll ow
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8.

10.

11.

11.

| Notification-Type | Notification-Value | Description |
[} e —————————— Ll —p—_—————————————_ e p—p—r
| TBD5 | 1 | This Inter-domain |
| | | path needs update |
RIS - e +
| | 2 | This domain is no |
| | | nore usable for this

| | | I'nter-domain path |
o e e e e oo o e e e e oo o e e e e e oo oo +
| | 3 | This Inter-donmain |
| | | path has been |
| | | updated |
o e e e e oo oo Fom e e e e oo o o e e e e e e oo +

Table 7
Security Considerations

No nodification of PCE protocol (PCEP) has been requested by this
draft which does not introduce any issue regardi ng security.
Concerning the PCEP sessi on between PCEs, authors recomend to use
the secured version of PCEP as defined in PCEPS [ RFC8253] or use any
ot her secured tunnel nmechanism e.g. |Psec tunnel to transport PCEP
sessi on between PCEs.
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