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Abst ract

Segment Routing (SR) Point-to-Miltipoint (P2MP) Policies are a set of
policies that enable architecture for P2MP service delivery. This
docunent specifies extensions to the Path Conputation El enent

Conmruni cati on Protocol (PCEP) that allow a stateful PCE to compute
and initiate P2MP paths with MPLS encap froma Root to a set of Leaf
nodes.
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1.

I nt roducti on

The docunent [RFC9960] defines a variant of the SR Policy called SR
Point-to-Mil tipoint (P2MP) Policy for creation of P2MP trees.

A SR P2MP Policy is constructed using one or nore Replication
segnments ([ RFC9524]) froma Root node to a set of Leaf nodes,
optionally through a set of internediate transit nodes that perform
replication.

A SR P2MP Policy is installed only on the Root node of a P2MP tree
and consists of one or nore Candidate Paths (CP). Each CP is nade up
of P2MP Tree I nstances (PTl), and each PTI is constructed in the
network via Replication segnents.

A Replication segment [ RFC9524], corresponds to the forwarding state
of a P2MP segnent on a particular node and provides forwarding
instructions for the segnent.

As per [RFC9960] a P2MP service can be realized by two types of a
P2MP Trees, Ingress Replication or a P2MP tree.

For Ingress Replication [RFC7988]. Datapl ane packet replication only
occurs on the Root, which forwards individual copies of traffic to
each leaf directly over a segment routed path. The correspondi ng SR
P2MP Policy consists of Replication segnents only for the Root node
and the Leaf nodes.

A P2MP service delivery can be nore efficient using a P2MP Tree. In
this case, corresponding SR P2MP policy consists of Replication
segnments on the Root, Leaf, and Transit nodes which exist in the
topol ogy between the Root and Leaf nodes. The Root and Transit nodes
perf orm dat apl ane packet replication along the tree as a packet
traverses fromthe root towards each | eaf.

The PCE di scovers the root and the | eaves via different nmethods. As
an exanple, the | eaves and the root can be explicitly configured on
the PCE or PCC can update the PCE with the identity of the root and
the | eaves when it discovers themvia multicast protocols |ike MP-BGP
and MVPN procedures [ RFC6513] or PIM Once the controller is
informed of the Root node and Leaf nodes, it can calculate the SR
P2MP Policy and any of the required Replication segnents fromthe
Root node to the Leaf nodes. The conputation may include traffic
engineering criteria and any additional Service Level Agreenents
(SLAs) that is used to construct the tree

Thi s docunent defines PCEP objects for MPLS SR P2MP Policy , TLVs and
the procedures to instantiate a P2MP Policy and Replication Segments.
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Only Stateful PCE is within scope of this document and Statel ess PCE
only is out of scope.

2. Term nol ogy

The readers of this docunent should faniliarize thenselves with the
foll owi ng docunents and sections for term nology and details
i mpl ement ati on of the SR P2MP Policy.

[ RFC9524] section 1.1 defines ternms specific to SR Replication
Segnent and al so explains the Node terminology in a multicast donain,
i ncluding the Root Node, Leaf Node and a Bud Node. [RFC9960] section
2, defines terms and concepts specific to SR P2MP Policy including
the CP and the PTI.

In addition, below section defines ternms used frequently in this

docunent. Refer to Term nol ogy sections of [RFC9256], and [ RFC9524]

for other terns used in Segnment Routi ng.

* Uni cast Segnent Routing (SR): Standard Segnent Routing constructs,
capabilities and behavior which is not nulticast or replication
awar e.

* Replication segnent: A segment in SR donmain that replicates
packets. See [RFC9524], for details.

* Replication node: A node in SR domain which replicates packets
based on Replication segnent.

*  Downstream nodes: A Replication segnent replicates packets to a
set of nodes. These nodes are Downstream nodes.

* Replication state: State held for a Replication segnent at a
Replication node. It is conceptually a list of replication
branches to Downstream nodes. The list can be enpty.

* Replication SID. Data plane identifier of a Replication segment.
This is a SR-MPLS | abel or SRv6 Segnent Identifier (SID).

* Point-to-Miltipoint Service: A service that has one ingress node
and one or nore egress nodes. A packet is delivered to all the
egress nodes

* Transit node: alternative nane for Replication node.

* Root node: An ingress node of a P2MP servi ce.

* Leaf node: An egress node of a P2MP servi ce.
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* Bud node: A node that is both a Replication node and a Leaf node.
3. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capital s, as shown here

4. Overview of PCEP Qperation in SR P2MP Net wor k

After discovering the Root node and Leaf nodes, the PCE prograns the
PCCs with relevant information needed to create a P2MP Tree.

A SR P2MP policy is a variant of SR policy as such it inherits
simlar concept as draft [RFC9862]. A SR P2MP Policy is conposed of
a collection of CPs. CPs are conputed by the PCE and can be used for
P2MP Tree redundancy. Only a single CP may be active at each tine.
Each CP can be globally optimzed, therefore it consists of nultiple
PTIs. A PTlI can be considered as a P2MP LSP. If a CP needs to be
globally optimzed two PTls can be programmed fromthe root to a set
of |l eaves and via nake before break procedures the CP can switch from
the original PTI to the new optinized PTI. The forwarding states of
these PTls are build via replication segments. Each PTI initiated on
the root has its own set of replication segments on the Root, Transit
and Leaf nodes.

A replication segnent is set of forwarding instructions on a specific
node. Each instruction may be a PUSH or SWAP operati on before
forwardi ng out of an interface, or a POP action on bud and | eaf
nodes.
PCE MAY al so cal cul ate and downl oad additional information for the
replication segnents, such as protections next-hops for |ink
protection.

4.1. Related and Inherited Docunents

* [ RFC8231] The bases for a stateful PCE, and reuses the follow ng
obj ects or a variant of them

- <SRP bject>
- <LSP nject>

- Avariation of the LSP identifier TLV is defined in this draft,
to support P2MP LSP ldentifier
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4.

2

[ RFC8306] P2MP capabilities advertisement.

[ RFC9862] Candi date Paths for SR P2MP Policy is used for Tree
Redundancy. As an exanple, a SR P2MP Policy can have nmultiple
Candi date Paths. Each protecting the primary Candi date Path. The
active CP is chosen via the preference of the Candi date Path.

[ RFC3209] Defines the instance-ID, instance-ID is used for globa
optimzation of a CP within a SR P2MP policy. Each CP can have
two PTls. These PTls are equivalent to sub-lsps (instance-IDs).
To switch between PTls procedures |ike Make Before Break (MBB) and
gl obal optimnzation can be used. |Instance-1D is equivalent to LSP
| D.

[ RFC9256] Segnent-list, used for connecting two non-adjacent
replication policy via a unicast binding SID or Segnent-list.

[ RFC8306] P2MP End Poi nt objects, used for the PCC to update the
PCE wi th di scovered Leaves.

[ RFC9050] for programmi ng and identifying the Replication Segnment.
A new PCE CC Capability sub Tlv is introduced to indicated the
support to handl e PCE CC based | abel downl oad for SR P2MP

[ RFC9862] defines CCl object-type for SR-MPLS. This docunent
redefi nes a new version of the SR-MPLS CCl object-type

[draft-ietf-pce-nultipath] Forwarding instruction for a P2MP LSP
is defined by a set of SR ERO sub-objects in the ERO object and
ERO- ATTRI BUTES as defined in this draft.
[ RFC8664] SR-ERO Sub Obj ect used in the multipath.
Overvi ew of SR P2MP Policy Objects
SR P2MP Pol i cy
- Is only relevant on the Root of the P2MP tree and is a policy
on PCE. It is downl oaded only on the root node and is
identified via <Root, Tree-ID> It contains the follow ng
i nformation:
0 Root node of the P2MP Segnent
0 Set of Leaf nodes of the P2MP Segnent

0 Tree-ID, which is a unique identifier of the P2MP tree on
t he Root
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0 A set of CPs belonging to the policy

0 Optional Constraints used to build these CPs

* Candidate Path (CP):

Is used for P2MP Tree redundancy where the Candidate Path with
the highest preference is the active path.

Each CP can contain two P2MP Tree Instance (PTlI) for gl oba
optinization procedures (i.e. nake before break)

Contains information regardi ng originator, discrininator
preference, P2MP Tree I|nstances

*  Tree | nstance:

I's used for global optimzation of the CP. Two PTlIs can be
present under a Candidate Path but only a single PTI is active
at a tine.

A Tree Instance is identified via <Root, Tree-ID, |nstance-I|D>

* Replication Segnent:

Bi dgol i,

Is the forwardi ng i nformati on needed on each replication node
for building the forwarding path for each PTI of the CP

Expl ai ned further in upcom ng sections, there are 2 ways to
identify the replication segnent, depending on the type of
replication segnent (shared replication segnent or non-shared
replicati on segnent)

o It isidentified via Tree-1D and Root and PTI for non-shared
replication segnent.

o It isidentified via Node-1D, Replication-ID, for shared
replication segnent. As per [RFC9960] a shared replication
segnment is not associated to a single tree and can be used
for constructing by-pass tunnels for |ocal protection on a
Repl i cati on node.

0 Contains forwarding instructions, in the formof a |list of
out goi ng segnents each of which may be a segment list or a
single replication segnent with next-hop information

0 On the forwarding plane the Replication Segnent is
identified via the incom ng Replication SID.
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0 |s established on every node that may replicate (e.g., Root,
Transit, Bud) or receive (e.g., Leaf) the packet in an SR
P2MP tr ee.

4.2.1. SR P2MP Policy and Candi date Path Identification

A SR P2MP Policy and its CP can be identified on the root via the
P2MP LSP hject. This Object is a variation of the LSP | D Object
defined in [RFC3231] and is as follow

* PLSP-ID: [RFC8231], is assigned by PCC and i s unique per Candidate
Path. It is constant for the lifetine of a PCEP session. Each
addi ti onal Candidate Path is assigned a new PLSP-1D by PCC.

Mul tipl e Candi date Pat hs can co-exist but only one is active.

* Root: is equivalent to the first node on the SR P2MP Policy path.

* Tree-ID: an identifier that is unique in context of the Root node.
This val ue may be assigned nmanually on the Root node or advertised
via the Provider Tunnel Association(PTA) in a multicast BGP Auto-
Di scovery(AD) route.

* |nstance-1D: serves as the PTlI identifier and is assigned by the
PCE. A CP can have up to two PTls for gl obal optimzation.
I nstance-1Ds are unique within the SR P2MP Policy and are assigned
by the PCE per PTI within that Policy. While different P2MP
policies my use the sane Instance-ID for their PTlI, each PTI
within a CP of an SR P2MP Policy should use the sane Instance-I1D
across the tree on its Root, Transit, and Leaf nodes when
programming its replication segnents on the PCC.

4.2.2. Replication Segment ldentification

The key to identify a replication segnent is also a P2MP LSP bj ect .
Wth varying encoding rules for the SR-P2MP-LSPI D- TLV which will be
explained in |ater sections.

4.2.3. PCECC Use in Replication Segnent

PCECC and a variant of CCl object is used in Replication Segnent to
identify a cross connect. A cross connect is an incomng SID and set
of outgoing interfaces and their corresponding SID or SID List. The
CCl objects contain the inconing SID and the outgoing interfaces

whi ch are presented via the ERO objects, which each may contain a
segnent |ist.
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4.3. PCEP Prodecures

A SR P2MP policy on the Root can be either PCE-initiated or PCC
initiated, depending on how the Root and Leaf nodes are discovered.
A PCE-initiated SR P2MP policy is configured directly on the PCE,
while a PCC-initiated SR P2MP policy nay be triggered by the PCC,
sourced fromlocal configuration or discovered with multicast
protocol s such as M/PN (see [ RFC6513]), PIM 1GW etc. In both
cases, PCE-initiated nmechanisnms are used to install Replication
segnents on Transit, Bud and Leaf nodes.

Note: Al gorithnms and techniques to conpute the P2MP tree replicating
nodes are out of scope of this docunent.

4. 3. 1. PCE-1nit Procedure

* PCEis informed through its APl or configuration nmechanismto
instantiate a SR P2MP Policy. PCE is configured with the Root and
a set of Leaf nodes.

* PCE conputes a P2MP tree fromthe Root node to all Leaf nodes
whi ch satisfy the configured constraints.

* PCE sends a PClnitiate nessage to the Root. The PClnitiate
message is configured with a unique Instance-ID for the PTI within
the CP of the SR P2MP Policy. The PClnitiate nmessage sent to the
root MJST set the Tree-IDto 0. |If not the PCC nmust send a PCEP
Error nmessage (PCErr) with Error-Type = X2 and Error val ue = SPgl.
The endpoi nt-obj ect MAY optionally be included in the PCinitiate
message for providing list of Leaf nodes to the PCC for
i nformati onal purposes.

* In response to the PClnitiate nmessage, the PCC will assign the
PLSP-1D and Tree-1D for the CP. The PCC uses the Instance-1D
defined in the PClnitiate nessage for the PTlI contained within the
CP. The PCC sends a PCRpt back to PCE containing the PLSP-ID,
Tree-1D and I nstance-1D. PCC MAY optionally include additional
Leaf nodes that were al so di scovered by multicast procedures.

* PCEwIll send a PClnitiate nessage to the Root, Transit and the
Leaf nodes to downl oad the Replication Segnment information. These
messages will utilize the CCl object to identify the p2np cross
connect and encode the forwarding instruction information.

* PCE then sends a PCUpd to the Root node indicating the association

information (CP) and inplicitly binds the CP to the installed CCl
i nformation.
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4. 3.

*

4. 3.

2.

3.

PCC-1nit Procedure

Root node PCC di scovers the | eaf nodes via M/PN procedures or
ot her mechani sm

Root sends a PCRpt nessage for SR P2MP policy to PCE including the
Root, Tree-1D, PLSP-ID, synbolic-path-name, association object and
any | eaf nodes discovered. |In addition:

- Since the Instance-IDis set by the PCE, the root will set the
Instance-1D to value to 0 in the RCRpt nessage.

- For the association object, root will fill the association type
according to the association type defined in this docunent.
The association I D SHOULD be set to value 1 sinmilar to
[ RFC9862]. The association source is set to the Root PCC
Addr ess.

PCE receives the PCRpt and generates a unique Instance-I1D for this
PTI of the CP and conmpute the P2MP Policy and its replication
segment s.

- PCEwIll send a PClnitiate nessage to the Root, Transit and the
Leaf nodes to downl oad the Replication Segrment information.
These nessages will utilize the CCl object to encode the
forwardi ng instruction information.

- PCE then sends a PCUpd to the Root node indicating the
association information (CP) and inplicitly binds the CP to the
installed CCl information.

Commpn Pr ocedur es

The foll owi ng procedures are the sane for PCE-init or PCC-init SR
P2MP Pol i cy.

4.3.3.1. Replicatoin Segnent Instantiation

*

PCE distributes the Replication segnents for each CPs PTI to all
Transit, Bud and Leaf nodes in the SR P2MP Tree using a PClnitiate
nessage.

- PLSP-I1D: value MJST be set to zero and will be assigned by PCC
If not the PCC nust send a PCEP Error message (PCErr) with
Error-Type = X2 and Error value = SPg2.
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- Synbolic path nane: generated by PCE, MJST be unique for the
each Candidate Path on PCC. If not the PCC must send a PCEP
Error message (PCErr) with Error-Type = X2 and Error value =
SPg3.

- Root: the same value of the SR P2MP Poli cy.

- Tree-ID it is RECOWENDED the Tree-1D be set to the sanme Tree-
I D defined on the Root node (which was assigned by the Root
node PCC).

- Instance-1D set to the sane val ue of path-instance on the
Root .

* The PClnitiate nmessage includes the ERGs and utilizes the CCl
obj ect to encode the Replication segnent forwarding instruction
i nfornation.

* |n response to the PClnitiate nessage, each Transit, Bud and Leaf
node PCC generates a |l ocal PLSP-1D and sends a PCRpt to PCE
inform ng PCE of the Replication segnent state

4.3.3.2. New Candi date Path Creation

* Any new CP for the SR P2MP Policy is downl oaded by PCE to the Root
by sending a PClnitiate nmessage.

- PLSP-ID: value MJST be set to zero and will be assigned by PCC.

- Synbolic path nane: generated by PCE, MJST be unique for each
CP on PCC

- Root: the same value of the SR P2MP Poli cy.
- Tree-ID: the sane value of the SR P2MP Policy.
- Instance-1D value MJIST be set to zero. The PCC generates the
PTI's Instance-I1D of the CP. |If not the PCC must send a PCEP
Error message (PCErr) with Error-Type = X2 and Error value =
SPg4.
* The PCE distributes the necessary Replication segnment for the CP

and its PTls to the Root, Leaf nodes and the Transit nodes as
described in section "Replication Segnment Instantiation".
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* Any update to the CP or Replication segnents is performed via the
PCUpd message. Association object MJST be present for CP PCUpd
and PCRpt message. |If Association object is not present in the
PCUpd nessage the PCC nust send a PCEP Error nessage (PCErr) with
Error-Type = X2 and Error val ue = SPg4.

* CCl object MIST be present in the Replication segnent updates. |If
not the PCC nust send a PCEP Error message (PCErr) with Error-Type
= X2 and Error value = SPg5.

4.3.3.3. Adding new Leaf nodes

*  New Leaf nodes may be locally configured or discovered via
mul ti cast protocol procedures. New Replication segnents may be
instantiated or existing one updated to reach new Leaf nodes.

- |If the new Leaf nodes reside on routers that are part of the
exi sting SR P2MP Tree, then PCUpd is sent from PCE to necessary
PCCs (Leaf, Bud or Root nodes) with the existing PLSP-ID,

I nstance-1D, Tree-1D and CC-ID.

- |If the new Leaf nodes are residing on routers that are not part
of the existing SR P2MP Tree, then a PClnitiate nessage is sent
fromPCE to each new Leaf and any necessary Transit nodes
foll owi ng section "Replication Segnent Instantiation".

4.3.3.4. Conveying active state

The active CP is indicated by the PCC t hrough the operational
bits(Up/ Active) of the LSP object in the PCRpt nessage.

A CP is nade active based on the preference of the path. If the Root
is progranmed with multiple CPs fromdifferent sources, as an exanple
PCE and CLI, based on its tie-breaking rules, if it selects the CLI
path, it will send a report to PCE for the PCE path indicating the
status of |abel -downl oad and sets operational bit of the LSP object
to UP and Not Active. At any instance, only one PTlI is pernmitted be
active.

4.3.4. dobal Optimzation of the Candidate Path
When a P2MP LSP needs to be optinized for any reason (i.e. it is
taking a FRR tunnel or new routers are added to the network) a gl obal
optimnmization of the CP is possible.
Each CP MAY contain two PTls. The current unoptimzed PTI is the

active instance and its replication segnents are forwarding the
mul ti cast packets fromthe root to the | eaves. However the second
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optinized PTI will be setup with its own uni que Replication Segments
t hroughout the network, fromthe Root to the | eaf nodes. These two
PTIs MAY co-exist. The two PTls are uniquely identified by their
Instance-1D in the SR-P2MP-1 NSTANCE- I D-TLV (defined in this
docunent).

After the optimnized PTI has been downl oaded successfully, PCC MJST
send two reports, reporting UP of the new PTlI the new LSP-ID, and a
second reporting the tear down of the old PTI with the R bit of the
LSP bject SET with the old Instance-1D in the SR P2MP-1 NSTANCE- | D-
TLV. This MBB procedure will nove the nulticast PDUs to the

optini zed Pat h-1nstance.

The transit and | eaf nodes SHOULD be able to accept traffic from both
PTIs to minimze the traffic outage by the Make Before Break process.

It is recomended for the optimzed PTI to be setup up by PCE from
the |l eaf nodes to transit nodes and finally the root nodes to ensure
the entire PTI's path is programed before the MBB procedure is
initiated.

4.3.5. local optimzatoin

When one of the PCCs involved in the LSP | acks the capability to
support nore than one PTlI, the possibility of achieving gl obal make
before break (MBB) is not feasible. However, with know edge of the
PCCs’ advertised capabilities, the PCE can detect this limtation and
instead opt for local re-optimzation of the CP. In such cases, the
PCE can conpute the optimzed LSP by send the PCUpd nessage using the
existing PTI and its Instance-ID for CP, specifically targeting the
PCCs where the optimzed LSP triggers a change in forwarding state.

4. 3. 6. Fast Reroute

Thi s docunent identifies Facility Fast Reroute (FRR) procedures.
Only Link Protection procedures are defined.

T
I

|
L1 L2

Figure 1: Redundant directly connected interfaces
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As an example, in figure 1 both Rand T are configured with
replication segnents. There are two interface between Rand T. One
can be used as primary and second as a bypass in case the primary
interface is down. There can be two nethods to protect the prinmary
interface:

* The two replication segnents on R and T can take advantage of

uni cast SR to connect to each other. |In this case the LFA of
uni cast SR can be utilize to protect the primary interface between
R and T.

* The replication segnent provides protection nexthop, the
protection nexthop can be programmed to take the alternate
interface between Rand T to protect the primary interface.

If the network already has inplenented unicast SR then it mght be
advant ageous to use LFA for SR to protect the Iink between Rand T
but if the network has not enabl ed unicast SR then the second option
of replication segment protection nexthop is the preferred nethod.

For the second option the PATH ATTRI B obj ect can be used to describe
a set of backup paths protecting a primary path within a PCEP LSP
usi ng the MULTI PATH BACKUP TLV defined in this docunent. This
capability is currently defined only for P2MP paths. Support for P2P
paths with the MJLTI PATH BACKUP TLV is out of scope for this
docunent. In this case, the PATHATTRIB is popul ated for each ERO as
fol | ows:

1. The PCE assigns a unique Path ID to each ERO path and popul at es
it inside the PATH ATTRI B object. The Path IDis unique within
the context of a PLSP (PCE Label Swi tched Path).

2. The PCE MAY include the MILTI PATH BACKUP TLV inside the PATH
ATTRI B object for each EROthat is protected, specifying the
backup path IDs to reflect the set of backup paths protecting the
primary path. The PCE updates the Length field and Backup Path
Count in the MILTI PATH BACKUP according to the nunber of backup
pat h 1 Ds incl uded.

3. The PCE MAY include the MILTI PATH BACKUP TLV inside the PATH
ATTRI B object for each EROthat is unprotected. |In this case,
MULTI PATH BACKUP does not carry any backup path IDs in the TLW.

If the path acts as a pure backup (i.e., the path only carries
rerouted traffic after the protected paths fail), then the B fl ag
MJST be set.
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Primary paths which do not include the MJULTI PATH BACKUP TLV are
assuned to be protected by all the backup paths (i.e., omtting the
TLV is equivalent to including the TLV with all the backup path IDs
filled in).

Note that a given PCC may not support certain backup conbinations,
such as a backup path that is itself protected by another backup
path, etc. |If a PCC does not support a requested backup scenari o,
the PCC MUST send a PCError nmessage with Error-Type = X2 and Error-
Val ue = SPg6 ("Not supported path backup").

R --F1
I I

T---F2
I

I I

L1 L2

Figure 2: Protection through alternative network path

As a second exanple, in Figure 2 R and T connected directly and via
network F1..F2. In this exanple as per exanple 1, unicast SR can be
used to connect the two Replication segnents, including using SR LFA
or RRLFA or TI-LFA to protect the direct Iink between R T via F1. |If
uni cast SR is not available within the network, the PCE optionally
can establish a shared replication point on F1 and F2 and protect all
pat h-i nstances that are traversing R-T via this shared Replication
segnent .

In addition, Penultimte Hop Popping (PHP) and inplicit null |abel on
the bypass path can be inplenmented to reduce the PCE programm ng on
the nmerge point (MP) PCC

4.3.7. Connecting Replication Segnent via Segnent List

There coul d be many nodes between two Replication Segnents that do
not support SR P2MP Policy or Replication Segnment. It is possible to
connect two non-adjacent Replication segnents via a SR Policy or
simlar technology using a SIDIlist and rely on IGP forwarding. The
SID list can be conprised of any | GP supported segnent types (ex:

Bi ndi ng, Adjacency, Node). This information is encoded via the SR
ERO sub-obj ects and ERO-attri butes objects. The |ast segnent in an
encoding SID |list MIST be a Replication segnent.
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4.3.8. Tree Deletion

The SR P2MP Policy and its Replication segnment can be del eted by the
PCC or by the PCE. To delete the SR P2MP Policy all the CP
associated to that P2MP policy need to be deleted. The last CP that
is being deleted, will delete the SR P2MP Policy Instance as well on
the PCE or PCC

To delete the CPs there are two net hods:

1. The CPs can be deleted by deleting all the PTls associated with
themand the last PTlI that is deleted will trigger the CP to be
del et ed.

2. The CP can be deleted entirely and this will delete all the
associ ated PTls as well.

4.3.8.1. PCClInitiated

For PCC to delete a CP, Root sends a PCRpt nmessage with the R bit of
the LSP object set and all the fields of the SR-P2MP-LSPID-TLV set to
0 (indicating to renove all state and PTls associated with this SR
P2MP Policy). The Rbit in the LSP Object as defined in [ RFC8231],
refers to the removal of the LSP as identified by the SR-P2MP-

I NSTANCE- | D- TLV (defined in this docunment). An all zero (SR-P2MP-
LSPI D-TLV defines to renove all the state of the correspondi ng PLSP-
I D. The PCE in response sends a PClnitiate message with R bit in the
SRP object set to all nodes along the path to indicate deletion of
the entries. 1In this case the Instance-ID can be set 0 with the R
bit set to indicate renoving the entire CP and all its PTIs.

For PCC to delete a PTlI, Root send a PCRpt nessage with the R bit of
the LSP object set and all the fields of the SR-P2MP-LSPID-TLV set to
0 but the Instance-ID value (indicating to renove the specific PTI
associated with this P2MP tunnel). The PCE in response sends a
PClnitiate message with Rbit in the SRP object SET to all nodes
along the path to indicate deletion of the entries. Note in this
case the Instance-1D has to be set accordingly with the Rbit set to
i ndicate renoving the specific PTI. This is useful for the gl oba
optim zation case where after downl oading the optim ze PTlI and
ensuring the PTlI is operational the PCC renoves the old PTI

4.3.8.2. PCE Initiated
VWhen PCE is deleting a CP or a PTlI it should delete all the

replication segnents of that CP or PTlI as well before it noves to the
next CP or PTI.
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4.4. PCEP Messages
The objects and TLV' s defined in this docunment can be included in
PCRpt, PCinitiate and PCUpd nessages. The inclusion of the Objects
and TLVs differ between SR P2MP Policy and Replication segnent.
4.4.1. SR P2MP Policy

The format of the PCRpt nessage as specified in [ RFC8231] and
extended by [ RFC8697] is now further extended as follows:

<PCRpt Message> ::= <Common Header >
<state-report-list>
VWher e:
<state-report-list> ::= <state-report>[<state-report-1list>]
<state-report> ::= [ <SRP>]
<LSP>
[ <associ ation-1ist>]
(<pat h>| <sr - p2np>)
Wher e:

<sr-p2np>: : =<ENDPO NT>

<path> is as per RFC8231 and extended by other PCEP extensions.
<association-list> is as per RFC8697

The format of the PCUpd nessage as specified in [ RFC8231] and
ext ended by [RFC8697] is now further extended as foll ows:

Bi dgoli, et al. Expi res 4 Decenber 2026 [ Page 18]



I nternet-Draft PCEP SR P2MP Pol i cy June 2026

<PCUpd Message> ::= <Common Header >
<updat e-request-1ist>
Wher e:
<updat e-request-1list> ::= <update-request>
[ <updat e-request-1i st >]
<updat e-request> ::= <SRP>
<LSP>
(<pat h>| <sr - p2np>)
Wher e:

<sr-p2np>: : =<ENDPO NT>
<path> is as per RFC8231 and extended by other PCEP extensions.

The format of the PClnitiate nmessage is updated as foll ows:
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<PClnitiate Message> ::= <Conmpon Header >

<PCE-initiated-Isp-list>
Wher e:

<PCE-initiated-Isp-list> ::= <PCE-initiated-I|sp-request>
[<PCE-initiated-Isp-1list>]
<PCE-initiated-I|sp-request> ::=
<PCE-initiated-Isp-instantiation>|
<PCE-initiated-I|sp-del etion>)
<PCE-initiated-Isp-instantiation> ::= <SRP>
<LSP>
<associ ation-list>
<end-point-list>
Wher e:

<association-list> ::=
<ASSOCI ATI ON> [ <associ ation-1ist>]

<end-point-list> ::= [ <P2MP- END- PO NTS>]
Wher e:
<ASSCOCI ATION> is described in this doc

<P2MP- END- PO NTS> is described in in this doc

2. Replication Segment

June 2026

The Replication Segnent can be constructed via the foll ow ng PCRpt,

PCUpd and PClInitiate nmessages
NOTE:
* Replication segnent does not use a associ ation object

The format of the PCRpt nessage is updated as follows:

goli, et al. Expi res 4 Decenber 2026

[ Page 20]



I nternet-Draft PCEP SR P2MP Pol i cy June 2026

<PCRpt Message> ::= <Common Header >
<state-report-list>
Wher e:
<state-report-list> ::= <state-report>
[<state-report-list>]
<state-report> ::= (<lsp-state-report>|
<central -control -report>)
<l sp-state-report> ::= [ <SRP>]
<LSP>
<pat h>
<central -control -report> ::= [ <SRP>]
<LSP>
(<cci-list>|
(<FEC
<CCl >) |
(<Ccl >
<i nt ended- pat h-nul ti pat h>))
Wher e:

<i ntended-path-nultipath> is defined in
[I-D.ietf-pce-multipath]

The format of the PCUpd nessage is updated as foll ows:
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<PCUpd Message> ::= <Common Header >
<updat e-request-1ist>
Wher e:
<updat e-request-1list> ::= <update-request>
[ <updat e-request-1i st >]
<updat e-request> :: = (<Isp-update-request >|
<central - control - updat e>)
<l sp-updat e-request > :: = [ <SRP>]
<LSP>
<pat h>
<central -control -update> ::= [ <SRP>]
<LSP>
(<cci-list>|
(<FEC
<CCl >) |
(<Ccl >
<i nt ended- pat h-nul ti pat h>))
Wher e:

<i ntended-path-nultipath> is defined in
[I-D.ietf-pce-multipath]

The format of the PClnitiate nmessage is updated as foll ows:
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<PClnitiate Message> ::= <Conmpon Header >
<PCE-initiated-Isp-list>

Wher e:

<PCE-initiated-Isp-list> ::= <PCE-initiated-I|sp-request>
[<PCE-initiated-Isp-Iist>]

<PCE-initiated-I|sp-request> ::=
(<PCE-initiated-Isp-instantiation>|
<PCE-initiated-I|sp-del etion>)

<PCE-initiated-Isp-instantiation> ::= <SRP>
<LSP>
[ <CCl >]
[ <i nt ended- pat h>]
Wher e:

<SRP> is defined in RFC3231
<LSP> is defined in [ RFC8231] section 5.5.1
<CCl> is defined in section 4.4.3.3

<i nt ended-path> :: =
((<PATH ATTRI B><EROC>) [ <i nt ended- pat h>])

Wher e:
<PATH ATTRIB-ERC> is defined in [draft-ietf-pce-multipath]
<ERC> is defined in [ RFC8664]

<PCE-initiated-Isp-deletion> is as per [RFC38281].
<attribute-list> is as per [RFC8281].

4.4.3. Considerations

A SR P2MP Policy supports add, renove, and full replace of Leaf nodes
in a nmessage, described further in section 5.5.2 and with an exanple
in section 8.1. However, a CP and Replication Segment MJST NOT carry
delta information. Every PCRpt, PCinitiate and PCUpd nessage MJST
contain the full list of the Leaf nodes, and Segnent forwarding
information that is needed to build the CP and its Replication
segnents. This is necessary to ensure that PCE or any new PCE is in
sync with the PCC
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4.4.3.1. Path Attribute Object

Thi s docunent uses [draft-ietf-pce-nultipath] to identify each out-
going interface in the Replication Segnent. |In addition each out-
going interface can be protected by a backup path using the
MULTI PATH BACKUP TLV defined in this document. The Path Attributes
Obj ect is used to provide the relation between the primary path and
its backup path as defined this later sections of this docunent.

Note: Multipath weight TLV MJUST NOT be used and SHOULD be i gnored
when revived. Conposite Candidate Path TLV SHOULD NOT be present and
SHOULD be ignored if present.

When a replication segnent is being updated or new out-going
interfaces are added to a specific replication segment, the PCRpt,
PClnitiate and PCUpd nessages sent via PCEP, maintains the previous
ERO Path | Ds and generates new Path IDs for new instructions. The
PATH | Ds are naintai ned for each specific forwarding instructions
until the instructions are deleted. For exanple: Wen the first |eaf
is added, the PCE will update with Path ID 1 to the PCC. Wen the
second | eaf is added, according to the path cal cul ated, PCE m ght
just append the existing instruction Path ID1 with a new Path ID 2
to construct the new PCUpd nessage

4.4.3.2. CC bject

5.

The Central Control Instruction (CCl) Object is used to identify the
entire cross connect of Explicit Route Object (ERO which consist of
incom ng Replication SID and the set of outgoing Interfaces and their
corresponding SIDs and/or SID lists. Any nodification to this
instruction should use this CCl IDto identify the cross connect

uni quely. Leaf nodes and their corresponding Path I Ds can be renoved
fromthe cross connect identified via the CCI. The CC-ID is assigned
by the PCE.

The CCI (bj ect used by the PCE to specify the controller instructions
is defined in [ RFC9050] .
[draft-ietf-pce-pcep-extension-pce-controller-sr] defines CCl object-
type for SR-MPLS. This docunent redefines a new version of the SR-
MPLS CCl object-type for SR P2MP Policy in upcom ng sections.

oj ect For mat
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5.1. Open Message Extension

A PCEP speaker indicates its ability to support SR P2MP Policy and
Replication Segnent during the PCEP initialization phase. Speakers
whi ch support SR P2MP Policy and Replication segnment object MJST

i ncl ude SR-P2MP- POLI CY- CAPABI LI TY TLV in the OPEN nhj ect.

This draft defines a new SR-P2MP capability TLV with type TBD

+ =

+ N

+ W

N
+ o
+ o
+ ~
+onN
—+ R

2 34
+- +- +-

+ O w

6 789 56789 1
i e S S

— + O

1
8901 234
+- - -+ R +
Type=TBD engt h=4 |
I o T e s i s it T e R I i cT I SR S I SR
Nunber of Instances | nunber of replication |
Bl o T R ik st T o e b i T o S S e S it eI
Fl ags | reserved |
i T T e e i e o i i S O S e S S S it i S e NI S

+— +— +— +00

Type: TBD
Length: 8 octets

Nunber of Instances 16 bits - Nunber of instances the advertising
PCEP speaker supports. This is meaningful for PCEs. PCEs can
determ ne the | east nunber of instances that could be created for a
SR P2MP pol i cy.

Nunber of replication 16 bits - nunber of out going interfaces that
the systemis capabl e of having per nulticast state.

Flags 16 bits - No Flags currently defined

Upon the receipt of an Open nessage, the receiving PCEP peer MJST

det ermi ne whet her the suggested PCEP session characteristics (leaf-
types) are acceptable. |If the suggested |leaf-types are not
acceptable to the receiving peer, it MJST send an PCEP Error nessage
(PCErr) with Error-Type=X1l (Capability not supported) and error-val ue
SPcl (new error type assigned by | ANA i nconpati ble SR P2MP | eaf
types) (See Section 5.5.2 for |eaf-types).

5.2. PCE Capabliity SubTLV
If a PCEP speaker advertises SR P2MP Policy Capability then it MJST

include the PST = 1 in the PATH SETUP- TYPE- CAPABI LI TY TLV as per
[ RFC8664]
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5.3. Association Type Capability

A Assoc- Type-List TLV as per [RFC8697] section 3.4 should be send via
PCEP open object with follow ng associ ati on type

S RIS T . +
| Association Type | Association Name | Reference |
| Val ue | | |
o e e e e oo oo e e e e e e i oo oo oo o e e e e oo oo +
| TBD1 | P2MP SR Policy Association | This docunent |
RIS T e +

OP- CONF- Assoc- RANGE ( Qper at or - confi gured Associ ati on Range) shoul d not
be set for this association type and nust be ignored.

5.4. Synbolic Nane TLV

Thi s docunent reuses synbolic path name from [ RFC8231] section 7.3.2.
For SR P2MP Policy a synbolic path is unique on the PCC. To help the
nanme be unique on PCC, it is RECOVWENDED t he name contain the Root,
Tree-ID and CP Discrimnator val ues

5.5. SR P2MP Pol i cy
5.5.1. P2MP Policy Association Goup

Two ASSOCI ATI ON obj ect types for IPv4d and |Pv6 are defined in

[ RFC8697]. The ASSOCI ATI ON obj ect includes "Association type"

i ndicating the type of the association group. This docunent adds a
new Associ ation type. Association type = TBD1 "SR P2MP Policy
Associ ati on Type" for SR Policy Association Goup (P2MP SRPAG).

For PCC-initiated SR P2MP Policy, the ASSOCI ATI ON object is present
inthe first PCRpt nessage that is sent by the PCC to PCE to indicate
the existence of the SR P2MP Policy and its CP. Note that, this
first PCRpt nmessage does not have an SRP object corresponding to a
PCUpd message

The Associ ation Source SHOULD be set to the root address of the P2MP
tree.

In par with [ RFC9862] section 4.2, P2MP policy reuses the four TLVs
used in the SRPA object. P2MP policy also redefines the extended
association I D TLV:

1. SRPQOLI CY- POL- NAME TLV: (optional) encodes SR P2MP Policy Nane

Bi dgoli, et al. Expi res 4 Decenber 2026 [ Page 26]



I nternet-Draft PCEP SR P2MP Pol i cy June 2026

2. SRPOLI CY-CPATH- I D TLV: (nandatory) encodes SR P2MP Policy
Candi date Path Identifier

3. SRPQOLI CY- CPATH- NAME TLV: (optional) encodes SR P2MP Pol i cy
Candi dat e Path nane.

4. SRPOLI CY- CPATH PREFRENCE TLV: (optional) encodes SR P2MP Policy
Candi dat e Pat h preference val ue.

5. In addition to above the extended association |ID TLV has been
nmodi fied to address the SR P2MP Pol i cy

5.5.1.1. Ext ended Association |ID TLV

In par with [ RFC9862] the Extended Association ID TLV MIST be
included and it MJUST be in the following format for the SR P2MP
Pol i cy

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type = 31 | Length = 4 |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| TREE-1D |
i T s i o S i i S R I S I S S S M

Length: 4 byte

Tree-ID: identifies the P2MP Tree which the Replication segnent is
part of

5.5.2. P2MP- END- PO NTS nj ect
In order for the Root node to indicate operations of its Leaf nodes
(Add/ Renove/ Repl ace-all), the PCRpt and PClnititiate nessages are
extended to include P2MP End Poi nt <P2MP End- poi nts> Cbject which is
defined in [ RFC3306]
The absence of the P2MP- END- PO NTS Obj ect nmeans that there is no
change in the | eaf endpoint of the policy and the PCEP speaker MJUST
NOT consi der the absence of the object as an indication of renmpval of
t he endpoi nts.
Leaf Types (derived from[RFC3306] section 3.3.2)

1. New leaves to add (leaf type = 1)
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2. Od leaves to renove (leaf type = 2)

3. the entire pce leaf list is overwitten and replaced with the new
leaf list (leaf type = 5)

Not e a PCE speaki ng node MJUST NOT conbine leaf type 1 and 2 with | eaf
type 5.

Not e a PCE speaki ng node SHOULD NOT have the sane node present in the
leaf type 1 and 2 if both | eaf types are present.

A given P2MP END- PO NTS obj ect gathers the Leaf nodes of a given
type. A SR P2MP PCRpt MAY mix different types of Leaf nodes by

i ncludi ng several P2MP END- PO NTS objects. The END- PO NTS obj ect
body has a variable |length. These are multiples of 4 bytes for |Pv4,
multiples of 16 bytes, plus 4 bytes, for |Pv6.

5.6. P2MP Policy and Replication Segnment Identifier Cbject and TLV

Both SR P2MP Policy and Replication Segnent are identified via the
LSP object and nore precisely via the SR P2MP-LSPI D- TLV

The SR P2MP Policy uses the PLSP-ID to identify the CP and the
Instance-1ID to identify a PTI within the CP

A Replication Segment uses the SR P2MP-LSPID-TLV to identify and
correlate a Replication Segnent to a P2MP Policy

As it was noted previously, for the Root the SR P2MP Policy and the
Replication Segnment is downl oaded via the sane PCUpd nmessage.

5.6.1. Extension of the LSP hject, SR-P2MP-LSPID TLV

The LSP bject is defined in Section 7.3 of [RFC8231]. It specifies
the PLSP-1D to uniquely identify an LSP that is constant for the life
time of a PCEP session. Sinilarly, for a P2MP Policy, the PLSP-1D
identify a Candidate Path uniquely within the SR P2MP policy.

The LSP Qbj ect MJST include the new SR-P2MP-1 NSTANCE- | D- TLV (| Pv4/

| pV6) defined in this docunent below. This is a variation to the
P2MP obj ect defined in [draft-ietf-pce-stateful-pce-p2np]
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| PV4- SR- P2MP- | NSTANCE- | D- TLV:

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type=TBD | Lengt h=10 |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Root |
i T s i o S i i S R I S I S S S M
| Tree-1D |
B T S i T s i i e e SEI S
| I nstance-1D | Reserved | Flags | Rl Al
R i T I e T S S e S TR S T e i I S e S e e e e o o

| Pv6- SR- P2IVP- | NSTANCE- | D- TLV :

01234567890123456789012345678901
T T T A S T
| Type=TBD | Lengt h=22 |
T T S S S T S S T S S S S S S e o

Root
(16 octets)

-+ +— +—

B S S e i S S T A S S S S S S i S S
Tree-1D |

i T T e T i i s i i S S S S S e et s o i i S
I nstance-1D | Reserved | Flags | R Al

i T T S i i s i e S S S e S S S T i St I NI S

+—+— +— +— +— +—

The type (16-bit) of the TLV is TBD (need allocation by | ANA).
Root: Source Router |P Address
Tree-1D: Unique Identifier of this P2MP LSP on the Root.

Instance-1D : ldentifier of PTI, Contains 32 Bit instance |D.
Instance-id O is reserved.

Reserved: 8 bits reserved for future use.

Flags: 8 bits, A - Activate the Instance-ID, R - Renove the Instance-
I D
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At any given tinme, only one PTI MJST be active. Activating one PTI
entails deactivating the other PTI, with the condition that the
active PTI Instance-1D MJST have a non-zero val ue.

The (A) flag is nmeaningful for Root PCC and PCE. PCE MJST be setting
(A) flag in the PCUpd containi ng SR-P2MP- | NSTANCE-I D TLV for
activating the PTI. The decision regarding when to set the (A) flag
can be made locally on the PCE. E. g., this decision can be based on
factors such as receiving PCRpt nessages fromall PCCs for the new
PTI or utilizing a tiner-based approach to ensure that the data pl ane
is completely configured on all PCCs. It’'s inportant to note that
determining the appropriate tining for activating the new PTlI is not
within the scope of this docunent. After the activation of the SR
P2MP Pol i cy any PCUpd MJST include the (A) flag in the P2MP-1nstance
TLV.

Root PCC MJUST set the (A) flag in the PCRpt as a response to
receiving a PCUpd nessage with the (A) flag set.

If a PCE receives a PCRpt with the (A) flag set in response to a
PCUpd message that did not have the (A) flag set, then PCE MJST treat
this as an error. |n such a case, PCE MJUST send an PCEP Error
message (PCErr) with Error-Type=10 (Reception of an Invalid bject)
and error-value (R1) (Invalid active instance).

For Transit or Leaf PCCs, receipt of a PCUpd message with the (A)
flag MIST be treated as an error. Transit or Leaf PCCs MJST send an
PCEP Error message (PCErr) with Error-Type=19 (Invalid Operation) and
error-value (11) (Attenpted activating instance on Transit or | eaf
PCC) .

Figure 3 presents an exanpl e exchange of SR-P2MP-LSPI D- TLV.
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1
+
1

+— +
go)
+— +
go)
R
+— +

1) LSP state Report | -------- PCRpt ------ >
Wth PLSP-1D and ( SRP
I nstance-1D LSP (SR- P2MP-LSPI D),
P2MP- END- PO NT)

I

I
I
|
| <------- PCUpd ------- | 2) PCUpd nessage sent
| (SRP, | to the PCC with
| LSP (SR-P2MP-LSPI D), | Path info and activating
| Associ ati on, | i nst ance.
| P2MP SR Pol. 1D TLYV,
| CPATH_I D TLV, |
| P2MP- END- POl NT, |
| CCl, PATH ATTRI B, |
| SR ERO I
I I
I I
3) LSP State Report | |
I I
I I
I I

(echoi ng I nstance
Active)

---- PCRpt nessage ---->

5.7. Replication Segnent

As per [RFC9524] a replication segnent has a next-hop-group which MAY
contain a single outgoing replication SID or a list of SIDs (sr-
policy-sid-list) In either case there needs to be a replication SID
identifying the replication state on a downstreamreplication node.
Two replication segnents can be directly connected or connected via a
uni cast SR domai n.

5.7.1. Message fornat

The format of a Replication Segnment message encoding is simlar to SR
P2MP Policy. However, the SR P2MP Policy contains the association

obj ect and the Replication Segnent nessage does not contain the
association object. In addition, the Replication Segnent carries the
CCl object to identify a P2MP cross connect. The Replication Segnent
is distributed individually to the Root, Transit and Leaf nodes

wi t hout the SR P2MP Policy. The Replication Segnent uses SR P2MP-
LSPID-TLV as its identifier. The TLV is coded differently for shared
and non-shared case
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5.7.2. CC bject

The Central Control Instructions (CCl) Object used by PCE to specify
the controller instructions is defined in [ RFC9050].

Thi s docunent defines a new CCl object-type for SR P2MP Policy. The
| abel in the CC Object is the incomng SID. The outgoing SIDs are
defined by the ERO (bjects.

The CClI (bject can be include in Reports, initiate and Update
messages for Replication Segnents.

CCl Object-Type is 3 for SR P2MP Pol i cy.
0 1 2 3

01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| CC 1D |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| M- 1D | Algorithm | role | flags | VI L]

B T S i T s i i e e SEI S
| SI DY Label / | ndex |
/1 Optional TLV /1
B T S i T s i i e e SEI S
Fl ags:

The V and the L flags are defined as per
[draft-ietf-pce-pcep-extension-pce-controller-sr]

The node action and role of ingress, transit, leaf or bud, is
indicated via the 4 bit roles field

* Head, role type =1
* Transit, role type = 2
* Leaf, role type = 3

* Bud, role type = 4
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5.7.3. SR-ERO Rul es

Forwardi ng i nformati on of a Replication Segnment can be configured and
steered via many different nechanisns. RFC [RFC8664] defines the NAI

types.

As an exanmple a replication SID can be steered via:

1. Replication SID steered with an I Pv4/1Pv6 directly connected
next hop (RFC 8664 NAI type 3, 4, 6 (adjacency))

* Inthis case there will two SR-RERO in the ERO hject, with the
Replication SID SR-ERO at the bottom and the |IPv4/1Pv6 SR-ERO
on the top.

2. Replication SID steered with an |1 Pv4/1Pv6 | oopback address that
reside on the directly connected router. (NAl type 1..2 (node))

* In this case there will two SREROin the ERO (bject, with the
Replication SID SR-ERO at the bottom and the | Pv4/1Pv6 SR-ERO
on the top.

3. Replication SID steered with unnunbered | Pv4/1Pv6 directly
connected Interface (NAl type 5 (adjacency unnumrbered)

4. Replication SID steered via a SR adj acency or node SID

* |In this case even a sid-list can be used to traffic engineer
the path between two Replication Segnent

* The Replication SID SRRERO is at the bottomwhile the segnments
describing the path are on top in order.

5.8. MJILTI PATH BACKUP TLV

Thi s docunment defines a new MILTI PATH BACKUP TLV which is optional in
the PATH ATTRI B object defined in [draft-ietf-pce-nultipath].

This TLV is used to describe a set of backup paths protecting a
primary path within a PCEP LSP. This is simlar to path protection,
but works at the ECVWP path |level instead of at the PCEP LSP |evel.
This functionality is that nmay be inplenmented for certain specialized
use cases, as an example if the SR P2MP Policy is inplenented in a
networ k that does not support LFA this functionality can be used for
I'ink or node protection.
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0 1 2 3
01234567890123456789012345678901
i S S T i S S e e i S S S S

| Type | Length |
i i i T i I S i e s o o i i
| Backup Path Count | Fl ags | B|

e T o R e et i S e
| Backup Path ID 1 |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| Backup Path ID 2 |
R e T e e i i i R T E ok
I+- i ol e s T o e e i i i SR +-|+
| Backup Path ID n |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y

Type (16 bits): 62 for "MJILTI PATH BACKUP" TLV

Length (16 bits): 4 + (N * 4) bytes (where Nis the Backup Path
Count)

Backup Path Count (16 bits): Nunber of backup paths.
Flags (16 bits):

* B (Pure Backup): If set, indicates the path is a backup path
(e.g., for protection) and not used for |oad bal anci ng under
nornmal conditions. A pure backup path only carries rerouted
traffic after the protected paths fail. |If this flag is not set,
or if the MIUTI PATH BACKUP TLV is absent, then the path is assuned
to be primary that carries normal traffic.

* Unassigned bits MJST be set to 0 on transm ssion and MJST be
i gnored on receipt

Backup Path IDs: A series of 4-octet identifiers that reference the

Path ID field (see Section 4.2) of other PATH ATTRI B objects within

the sane PCEP LSP. These referenced paths act as backup paths that

protect this primary path. Each Backup Path ID val ue MJUST match the
Path I D of a PATH ATTRIB object in the sane LSP that has the B-flag

set (indicating it is a pure backup path).
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0 1 2 3
01234567890123456789012345678901
i S S T i S S e e i S S S S

| Type | Lengt h |
Fm e e e e e e A e e e e e e e e e e e e e e e e e e e e e -
| Nunber of Ml tipaths | Fl ags |G Fl OBl W

S T S S S e i St S DU DU S R T o T

In addition this docunent defines a new flag "B-flag" in the
MULTI PATH CAP TLV which is defined in the [draft-ietf-pce-mnultipath]

* B-flag: whether MJILTI PATH BACKUP TLV i s support ed.

6. | ANA Consi deration

6.1. PCEP P2MP Associ ation type
This draft defines a new Association type for SR P2MP Policy. |ANA
is requested to allocate a new value fromthe existing | ANA Registry

" ASSOCI ATION TYPE Field" within the "Path Conputation El enment
Prot ocol (PCEP) Nunbers" registry group.

S R e Fecmemmeiiiaaaaas +
| Type | Nare | Reference |
I L -, oo mmeeemeeaaaas +
| 9 | SR P2MP Policy Association | This docunent |
TS o e e e e e e e e a oo - o e e e oo +

6.2. Endpoint Type

[ RFC8306] specified the P2MP END- PO NTS obj ect but did not create a
registry for the 32-bit Leaf type field. This docunent establishes
the registry and populates it with values from[RFC8306] and adds a
new Leaf type. |1ANA is requested to create a new "Endpoi nt Leaf
Types" registry with the allocation policy as | ETF Revi ew [ RFC8126] .
This new registry contains the foll ow ng val ues:
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I T dememmememeeaaaas +
| Val ue | Description | Reference |
TS o e e e e e e e e a oo - o e e e oo +
| O | Reserved | This docunent

Focmmnaaann e +
| 1 | New | eaves to add | RFC 8306 |
T L -, oo mmeeemeeaaaas +
| 2 | ddleaves to renove | RFC 8306 |
TS o e e e e e e e e a oo - o e e e oo +
| 3 | Ad |eaves whose path can | RFC 8306 |
| | be nodified/ reoptimzed | |
Ry T R +
| 4 | Od leaves whose path nmust | RFC 8306 |
| | be left unchanged | |
TS o e e e e e e e e a oo - o e e e oo +
| 5 | Al old |leaves overwitten | This docunent

| | and replaced with the new | |
Ry T R +

To keep it consistent with the Generalized Endpoint Types [RFC8779],
this draft defines a new Endpoint Type in the "CGeneralized Endpoint
Types" registry as foll ows:

Fom e oo o e e e e oo s o e e oo +
| Val ue | Type | Reference |
o m e e e - o e e e e e a e oo o e e e e e o +
| 5 | Point-to-Multipoint | This docunent |
| | with leaf type 5 | |
Fom e Fom e e e e e oo s o e e e oo +

The Authors are requesting value 5 for this new endpoint type.
6.3. PCEP TLV Type Indicators

This draft extends the PCEP OPEN object by defining a new optiona

TLV to indicate the PCE' s capability to perform SR P2MP path

comput ati on.

Further, this draft defines two new TLVs for ldentifying the SR P2MP
Policy and the Replication Segnment with I Pv4d or | Pv6 root address.

I ANA is requested to allocate a new value fromthe | ANA Registry
"PCEP TLV Type I ndicators"
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S S . +
| TLV Type | Description | Reference |
| Val ue | | |
R o e e e e e e e e e S +
| 73 | SR-P2MP- POLI CY- CAPABI LI TY | This document |
- TS . +
| 74 | 1 PV4-SR-P2MP- | NSTANCE- I D TLV | This docunent |
Fomm e oo - o e e e e e e e e m e e oo o - +
| 75 | 1PV6-SR-P2MP- | NSTANCE- I D TLV | This docunent |
R o e e e e e e e e e S +

6.4. New CCl bject Type
This draft defines a new CCl Cbject type SR P2MP Poli cy.

I ANA is requested to allocate new codepoints in the "PCEP Ohjects”
sub-registry as foll ows:

. dom e mmemeeeemeaeeaaas . +
| Object O ass| Nane | Reference |
| Val ue | | |
S o e e e e e oo oo S +
| 44 | Ca oject | |
I | Qbject-Type I I
| | 3 : SR P2MP Policy | This docunent |
o m e e e oo - o e e e e e e oo oo o - +

6.5. New SR P2MP Policy Capablity Error Type

This draft defines the follow ng new Error Type for "SR P2MP Policy
Capability" within the PCEP- ERROR hject Error Types and Val ues table

| X1 | SR P2MP Policy Capability Error |
oo o e e e e e e e e e e meaa— +

6.6. New SR P2MP Policy Capablity Error Val ue

This draft defines the followi ng new Error Value for Error Type X1
"SR P2MP Policy Capability Error”
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6.7. New Reception of an Invalid Object Error Val ue

This draft defines the following new Error Value for Error Type 10
"Reception of an Invalid Object "

S o m o e e +
| Error Value | Nane |
| Val ue | |
S T +
| R1 | SR P2MP Invalid active instance |
S o m o e oo +

6.8. New Invalid Operation Error Val ue

This draft defines the following new Error Value for Error Type 19
"Invalid Operation "

R o m e e e e e e e e e e mee— oo - +
| Error Value | Nane |
| Val ue | |
S T +
| 11 | SR P2MP Attenpted activating |
| | instance on Transit or |eaf |
R o m e e e e e e e e e e mee— oo - +

6.9. New SR P2MP Policy General Error Type

This draft defines the follow ng new Error Type for "SR P2MP Pol i cy
General Error" within the PCEP- ERROR Chject Error Types and Val ues

tabl e
S T +
| Error Type | Nane |
I I I
R o m oo +
| X2 | SR P2MP Policy General Error |
o m e e e oo - o e e e e e e e e e e e e e m e e o +
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6.10. SR P2MP Policy Ceneral Error Val ues

This draft defines the follow ng new Error Values for Error Type X2
"SR P2MP Policy General Error”

S T +
| SPgl | PCnit Invalid Root-1D |
. e +
| SPg2 | I'nvalid PLSP-ID |
e T Y +
| SPg3 | Synbolic Path Nane not uni que |
S T +
| SPg4 | I'nvalid Instance-ID |
. e +
| SPg5 | CC nject nissing |
Fom e m e e eieeeciieaeeccieaaaaea. +
| SPg6 | Not supported path backup |
S T +

6.11. MJILTI PATH BACKUP TLV

I ANA is requested to confirmthe followi ng allocations within the
"PCEP TLV Type Indicators"” within the "Path Conputation El enent
Prot ocol (PCEP) Nunbers" registry group:

Fom ek o m e e e e e e e e mee oo s o e e e oo +
| TLV Type | TLV Nane | Reference |
| Val ue | | |
Fomm e oo - o e e e e e e e e e e mmmemao - o e e e e oo - +
| 62 | MULTI PATH BACKUP | This document |
R o e e e e e e e e e e e e oo oo o e e e e oo +

6.12. Flags in the MILTI PATH BACKUP TLV

I ANA is requested to create a new sub-registry to manage the Fl ag
field of the MIUTI PATH BACKUP TLV, called "Flags in MJLTI PATH BACKUP
TLV' within the "Path Conputation El enent Protocol (PCEP) Nunbers"
registry group. New values are to be assigned by "I ETF review'

[ RFC8126]
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S T T dememmememeeaaaas +
Bit Descri ption Ref erence
p
R o e e e e e e e e e e e e e o m o o e e e oo +
| 0-14 | Unassi gned | This docunent
S TR O +
| 15 | B-flag: Pure backup | This docunent
S ISRy T T T oo mmeeemeeaaaas +

6.13. MJILTI PATH BACKUP Flag in the MJLTI PATH CAP TLV

I ANA is requested to create a new flag "B-flag MIULTI PATH BACKUP" with
value 14 which is currently Unassigned fromthe registry called
"Flags in MIULTI PATH CAP TLV'. New values are to be assigned by "I ETF
review' [RFC8126]

| 14 | B-flag: MULTI PATH BACKUP TLV | This docunent
I | support I I

7. Security Considerations

The security considerations described in [ RFC5440], [RFC8231],
[ RFC8281], [RFC8664], [RFC8697], [RFC9256] and [ RFC9524] are
applicable to this specification

As per [RFC8231], it is RECOMVENDED that these PCEP extensions can
only be activated on authenticated and encrypted sessions across PCEs
and PCCs bel onging to the sanme administrative authority, using
Transport Layer Security (TLS) [RFC8253].

No additional security neasures are required for SR P2MP Poli cy.
8. Inplenentation Status

Note to the RFC Editor: please renove this section before
publication. This section records the status of known

i npl ement ati ons of the protocol defined by this specification at the
time of posting of this Internet-Draft, and is based on a proposa
described in RFC7942 . The description of inplenentations in this
section is intended to assist the IETF in its decision processes in
progressing drafts to RFCs. Please note that the listing of any

i ndi vi dual inplementation here does not inply endorsenment by the

| ETF. Furthermore, no effort has been spent to verify the

i nformati on presented here that was supplied by | ETF contributors.
This is not intended as, and nust not be construed to be, a catal og
of available inplenentations or their features. Readers are advised
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to note that other inplenentations may exist. According to RFC7942,
"this will allow reviewers and working groups to assign due

consi deration to docunents that have the benefit of running code,

whi ch may serve as evidence of val uabl e experinentation and feedback
that have made the inplenented protocols nore mature. It is up to
the individual working groups to use this information as they see
fit".

8.1. G sco Inplenentation

Cisco has inplenented this docunment on both 10S XR PCE and PCC. Both
PCE-Initiated and PCC-Initiated SR P2MP Policy types have been

i mpl emented. Only one Candi date Path can be created with the SR P2MP
Policy and only one PTlI is supported within a CP

9. Manageability Considerations

Al'l manageability requirements and considerations listed in

[ RFC5440], [RFC8231], [RFC8664], and [ RFC9256] apply to PCEP protoco
extensions defined in this docunment. 1In addition, requirenents and
considerations listed in this section apply.

9.1. CQperatoin Consideration

Wth P2MP policy any router that is acting as a Root, Transit
(replication point) and Leaf needs to have a PCEP connectivity to the
controller. This mght not be the case for unicast where only the
node that is instantiating the SR Policy and the ordered Iist of the
segnents needs PCEP connectivity. An operator might need to enable
PCEP on nore nodes for enabling P2MP Policy on a network that is

al ready supporting SR Policy, as such the operator needs to ensure
that the controller can handl e the extra PCEP connection scal e.

O herwi se the PCE control needs to be able to The operation
consideration of P2MP policy is in par with [RFC5440], [RFC8231],

[ RFC8664], [RFC9256] and [ RFC9862] .

9.2. Liveness Detection and Monitoring

Since P2MP Policy does not use any underlay signaling to detect
failure it is recormended to use (Operations, Adm nistration, and
Mai nt enance) OAM features to detect failure on a tree.
[draft-ietf-pimp2np-policy-ping] defines extensions to Ping and
Traceroute mechani smfor SR P2MP Policy with MPLS encapsul ation to
provi de OAM capabilities. The extensions enable operators to verify
connectivity, diagnose failures and troubl eshoot forwarding issues
within SR P2MP Policy nmulticast trees. The inplenentation can
trigger P2MP Policy Ping or Traceroute periodically to test the end-
to-end connectivity and trigger a gl obal optinization of the tree
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fromthe Root to the Leaves. Any local failure can be detected via
monitoring the state of the outgoing links and triger a |loca

optim zation. |In addition, as the controller gets updated with the
network topology it also triggers a global optinization of the tree
based on new di scovered optinal paths fromthe Root to the Leaves.

9.3. \Verify Correct Operations
Operation verification requirenents already listed in [ RFC5440],
[ RFC8231], [RFC8664], [RFC9256] are applicable to mechani sns defined
in this docunent.
An i nmpl enentati on MIST all ow the operator to view SR P2MP Pol i cy
Identifier and each SR Replication segment Candidate Path ldentifier
advertised in PCEP.

An i npl enentati on SHOULD al |l ow the operator to view the capabilities
defined in this docunent.

An i mpl enentati on SHOULD al |l ow the operator to view each Replication
segnment Candi date Path associated with specific SR P2MP Poli cy.

9.4. Requirenments On Gt her Protocols

The PCEP extensions defined in this document do not inply any new
requi renents on other protocols.

9.5. Inpact On Network Operations

The nechani sns defined in [ RFC5440], [RFC8231], [RFC9256] al so apply
to the PCEP extensions defined in this docunent.
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Appendi x A. Packet Exanples
A.1. Report for Leaf Add

This is an exanple of PCCinitiated P2MP Policy. The PCC will send a
Report nessage to the PCE to initiat a P2MP Policy with a set of

| eaves that are discovered via Next Generation MVPN procedures as per
[ RFC6513] .

In addition, since the PCCis initiating the P2MP Policy, it does
popul ate the PLSP-1D for the Candidate Path. PCC will |eave the
Instance-1D for the PTI to 0 and the Instance-ID is assigned by the
PCE.
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01234567890123456789012345678901
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Flags = 0 |

B T S i T s i i e e SEI S
| SRP- | D-nunber =0 |
i e R i e i i i e i i St S N e S
| TLV Type = 28 (PathSetupType)| TLV Len = 4 |
i T s i o S i i S R I S I S S S M
| | PST = TBD |
B T S i T s i i e e SEI S
<LSP OBJECT>
| PLSP-1D = 1 | AlDI1 N1 |
i e e R e s o i e R O o s i o S N B T
| Type=17 | Lengt h=<var > |

B i s T T i i o S o T Ji I
| synbol i ¢ path nane |
R e s T o T S R El ok i R e e S S e o o s
| Type=TBD | Length |
R e o T T e S S T ol S i T S s ik i I S I S S R S R
| Root = A |
B i s T T i i o S o T Ji I
| Tree-1ID =Y |
R e s T o T S R El ok i R e e S S e o o s
| Instance-1D = 0 |
R e o T T e S S T ol S i T S s ik i I S I S S R S R
<P2MP END PO NT OBJECT>
| Leaf type = 5 |
B T S i T s i i e e SEI S
| Source | Pv4 address = A |
R i T I e T S S e S TR S T e i I S e S e e e e o o

| Destination | Pv4 address = D |
B T I e R i i i T S S e e I e ik oI I S S e S S
| Destination | Pv4 address = E |

el i I e i it T e e e e i i T o S e e S e T R R
A 2. SR P2MP Policy Candidate Path Init

The foll owi ng packet is the PCE creating the CP for the SR P2MP

Pol i cy and downl oadi ng the Replication Segnent with the same nessage

on the root.

It should be noted conbining the SR P2MP Policy CP creation and
Replication Segnent only is possible on the root.

As such this nessage contains both association object and the CCl

object. The CCI Ohject contains the incom ng Binding SID and w aps
all the Path Attribute nessages and their correspondi ng ERGCs.
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The PLSP-1D are popul ated with the sane ID as the previous PCC report
message and the Instance-1D is assigned by the PCE

01234567890123456789012345678901
T I T S S i T T S AR

+-

+-

+-+

+-+

Flags = 0
I i I S Tl Sl S S Sl S S S ek
SRP-1 D nunber =1
B i T S S S T i S S R I i T i i i S
TLV Type = 28 (Pat hSetupType)| TLV Len = 4
i T S S S e S S S S
| PST = TBD
T S e S e S e o

+-

<LSP OBJECT>
PLSP-ID =1 | Al DI1,N1CO

+-+

i S S T i S S e I S AT S A S S S

Type=17 | Lengt h=<var >

T T S S T SR SEp I S S S

synbol i ¢ path nane

T S T T o e S T S i o S Supt

Type=TBD | Length

i S S T i S S e L I S AT S A S S S S S

Root =A

T T S S e e i S S U S S AR Tk ok e

Tree-ID =Y

T S i T o S T i S SEp S A S

Instance-1D = L1

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

+-
I
+-
I
+-
I
+-
I
+-
I
+-
I
+-
I
+-
I
I

Bi dgol i,

<ASSOCI ATI ON OBJECT>

T T S S S S i S S T S S S A S

Reserved | Fl ags

e i S S T i S S e e e e Tk e S S

+-
Associ ation type= SR P2MP- PAG | Association ID = z
+-

T o S

| Pv4 Association Source = <pce-address>

T T S I S i S T S S N A S

Type=P2MP SR Policy ID | Lengt h

I S T T S S e T A S Sk S S

Root = A
e
TREE-ID = 0
i e e L SR s T R N R SR
Type=P2MP SR Pol i cy Nane | Lengt h

I S i S S S S T o S S S S R E R

P2MP SR Pol i cy Nane
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+- +
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+-+

+-+

+-+

+-+

+-+

+-+
I

+-+
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i It N

+

| Type=P2MP SR Pol

O ok Tk St T S
I

| ProtOrigin 10

PCEP SR P2MP Pol i cy

+
Cand-path 1D |
+

Reser ved

Lengt h

June 2026

B T T T S S S

T S S i S S i S S i e

i S SH S S S S S AR

Ori gi nat or ASN

T T S S S e T S S i S it SN S S S e e

I
|
I
I
+
I
+-
|
+-
I
I
+-
|'T
+-
I
+

+-

T S S T i

+-

+-

+-

Originator Address =

o T S T B S T S
Discrimnator = 1
I e e i o i I N R R R TR TR R R e e

Type=P2MP SR Pol Cand-path Nane|

B i s i e i i T e
P2MP SR Pol i cy Candi date Pat

i T i S S S s S S S S S S

pe=P2MP SR Pol Cand-Path Pre |

B i I T T i I S I S S S
Preference = 100

<pce- addr ess>

B s R S

B T A S S

Length
+- - - - - -

h Nane

S I
Length
+- - - - - -
<defaul t >

T S S S S T e

+-

+-

+-

+-

+-

+-

<P2MP END PO NT OBJECT>

Leaf type =

i i T i R e e S T o o o o
Source | Pv4 address =

T T T el sk i NI S TR S R S
Destination | Pv4 address

I R R e i T I T e S T e e e o
Destination | Pv4 address

i i T i R e e S T o o o o

<CCl OBJECT>
e e o R S S S i ik T ST e TR S R e
CC- 1D = X
B i T S O e i i i S
Reservedl |

Label =0 |

S T
A
i S

S

i T
Fl ags

Reserved?2

i
+
1
+
1
+
1

+
1
+
1
+
1
+
1

+
1
+
1
+
1
+
1

T T
+ +
1 1
+ +
1 1
T T
+t— T+

T T
+ +
1 1
+ +
1 1
+ +
1 1

HE—
+ o+
1 1
+ o+
1 1
+ o+
1 1
+— +— +— +—

i
=+
1
=+
1
=+
1

+- 4o +- +-

+

I
e
1 0] 0|
+-+-+
I

+

i I i i S i i i S b i e

<PATH- ATTRI BUTES OBJECT>

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

Fl ags

| Oper|

T T S S e e i S S S S S AR T S o
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I ERO-path Id = 1 |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Type | Length |

B T S i T s i i e e SEI S
Backup Path Count =1
R i T I e T S S e S TR S T e i I S e S e e e e o o
Backup Path ID 2
i T s i o S i i S R I S I S S S M
Type=Node Rol e
B T S i T s i i e e SEI S

I
| Rol e

= ingress

Fl ags

Lengt h=4

Reser ved

| 0|
I

T T T T S S s
<ERO OBJECT>
<SR- ERO- SUB OBJECT>

| L
+-
I
+- +-
| L
+- +-
I
+

Type=36

Type=36

Length

Lengt h

NT= 1|
i pv4- address

NT= 0]

SID = d1l

<PATH- ATTRI BUTES OBJECT>
i S T S S e e e T A I S s Sl i e o

Fl ags

Fl ags
= NHD1

Fl ags

| 01 0] 1] O] Of

o T T T S S A e

T T S S S S i T S S T S S T 2

| 0] 1] 0] O] Of

I S T i S S e e e A S S S e S e

S I S S S

| Oper|

B T S i T s i i e e SEI S
ERO-path Id =
R i T I e T S S e S TR S T e i I S e S e e e e o o

Type

B i i S TR e S S S
Backup Path Count = 0
e i e e s sl sl st ST S S
Type=TBD

|
+- +-
I

2

Lengt h

Fl ags

I S S S i i S S S S S S

|1

B i T i S T
Lengt h=4

T S T i I S St U SN A S

| Rol e

= ingress

Reserved

T S O A S A S A S S A S S g S S
<EROC- OBJECT>
<SR- ERO- SUB OBJECT>

| 'L

Type=36

Lengt h

NT= 1|

i pv4- addr ess

Fl ags

= NHD2

0] 0] 1] 0] O]

T T S S T T S i S S R R S S e R s S

i T S S S T o S S S sy S S SER S S S

| LI

Type=36

Length

NT= O]

Fl ags

| 0] 1] 0] O] Of

e T i i e R T S
SID = d2
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A 3.

e T S S S e i i S DU S S S S R S T S S

Replication segnent PCE Initiated on Transit and LEaves

The foll owi ng packet exanples shows the Replication Segnent
initiation via a PCE on transit nodes and/or |eaves node.

Not e:

1.

Thi s packet is generated fromPCE to instantiate the Replication
segnent, as such the PLSP-IDis set to zero. PCC will assign
these val ue and report them back to PCE.

The I nstance-1D was assigned by the PCE for the entire PTlI path
on the root, transit and | eaves (P2MP tree)

This is a Replication Segnent instantiation as such there is no
associ ati on object.

The LSP (bject Root A and Tree-1D Y associates this Replication
Segment to the corresponding CP and PTI on the root node.

there is no association object present in the packet.

01234567890123456789012345678901
i T s i o S i i S R I S I S S S M
| Flags = 0 |
B T S i T s i i e e SEI S
| SRP- | D- nunber = |
i e R i e i i i e i i St S N e S
| TLV Type = 28 (PathSetupType)| TLV Len 4 |
i T s i o S i i S R I S I S S S M
| | PST = TBD |
B T S i T s i i e e SEI S
<LSP OBJECT>

| PLSP-1D = 0 | Al1,D1,N1,CO
i e e T i o S e S i i s s S NN SR
| Type=17 | Lengt h=<var >

B i s T T i i o S o T Ji I
| synbol i c path nane |
e L i i T e i s ik ik I R SR S
| Type=TBD | Length |
i e e i e T S L o o i oI SR R B S
| Root =A |
B i s T T i i o S o T Ji I
| Tree-1ID =Y |
e L o i e S  th o i R S
| Instance-1D = L1 |

1
+-
+-

I
+-+
I
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T T S S S T e S S it S S i S S

<CCl OBJECT>
el i I e i it T e e e e i i T o S e e S e T R R
| CCID =X |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Reservedl | Fl ags | O] O]
B T I e R i i i T S S e e I e ik oI I S S e S S
| Label = di | Reserved2 |
el i I e i it T e e e e i i T o S e e S e T R R

<PATH ATTRI BUTES OBJECT>

T S D S T O T o S
| Fl ags | Oper|
B i s T T i i o S o T Ji I

| ERO path Id = 1
T T i s T b I S S S e o

| Type | Lengt h |
i e e i e S S o ok i S TR R B T
| Backup Path Count =1 | Fl ags | O

T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| Backup Path ID 2 |
o i S A S
| Type=TBD | Lengt h=4 |
T T S S S T S S T S S S S S S e o
| Rol e | Reser ved |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
<ERO- OBJECT>
<SR- ERO- SUB OBJECT>

| L] Type=36 | Lengt h | NT= 1] Fl ags | 0] O] 1] O] O]

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-address = NHE1l |
-t -

B i S S ik s S N S S T i (i S S S S S
| L] Type=36 | Lengt h | NT= 0] FI ags | 0] 1] 0] O] O]
R i T I e T S S e S TR S T e i I S e S e e e e o o
| SID = el |

i T s i o S i i S R I S I S S S M

<PATH ATTRI BUTES OBJECT>
R e s T o T S R El ok i R e e S S e o o s
| FI ags | Oper|
R e o T T e S S T ol S i T S s ik i I S I S S R S R
| ERO-path Id = 2 |
B i s T T i i o S o T Ji I

| Type | Length |
i i i T i I S i e s o o i i
| Backup Path Count = 0 | Fl ags | 1]
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R e o T T e S S T ol S i T S s ik i I S I S S R S R
| Type=TBD | Lengt h=4 |
B i s T T i i o S o T Ji I
| Rol e | Reser ved |
R e s T o T S R El ok i R e e S S e o o s
<ERO- OBJECT>

<SR- ERO- SUB OBJECT>
L] Type=36 | Length | NT= 1] Fl ags | O] O] 1] 0] O]
B T i T o o o S e i i S S
i pv4- address = NHE2 |
i T T e e i e o i i S O S e S S S it i S e NI S
L] Type=36 | Length | NT= 0] Fl ags | O] 1] 0] O] O]
i T o T T i T A S S S T
SID = e2 |

|
|
|
L I T S s e S S i S A S S R SR S

Appendi x B. Exanpl e Workfl ows

N + N +
|PCC | | PCE |
| Root | e +
R | | |
| PCC +------- + |
| Transit]| | |
ommmm | | |---PCRpt, PLSP-1D=1, SRP-1D=1--------- >| PCECC LSP
|PCC  +-------- + | N=1, r oot - addr, Tree- | D=a, | SR-Policy
| | | I nstance-1 D =0, | Report to
| Leaf | | P2MP- end- poi nt s( Leaf Type=5) (optnl)| PCE
R + | associ ati on- obj |
I I I I
| | | <--PCUpd, PLSP-1 D=1, SRP-1D =1, | Update
| | | root - addr, Tree- | D=a, I nst ance-1D=b,| CP
| | | P2MP- end- poi nts, associ ati on-obj |
I I I I
| | |------- PCRpt, PLSP-1 D=1, SRP-1D = 1, ->|
| | | root - addr, Tree- |1 D=a, | nst ance- | D=b, |
| | | P2MP- end- poi nt s( Leaf Type=5) |
| | | associ at i on- obj ect |
I I I I
R PCinitiate, PLSP-1 D=0, ------------- | Downl oad
| | | root - addr, Tree- 1 D=a, | nst ance-1 D=b, | Leaf
| | | CC1D=z, C=0, Replication
| | | O=0, L=z, path-attribute, ERQ, SR- ERO Segment ( RS)
| | |

R PCRpt, PLSP-1D=1-------------- >
| | | r oot - addr, Tree- | D=a, | nst ance- | D=b,

I
I
I
I
|
| | | CC- | D=2, Label =z, O=0, |
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pat h-attri but e, ERO, SR- ERO

< PCinitiate, PLSP-1D=0, ---------

root - addr, Tree-| D=a, | nst ance- |
CC- | D=Y, C=0,

0O=0, L=y, pat h-at tri but e, ERO, SR- ERO

[-ommmm e PCRpt , PLSP- | D=2- === - === = - -

root - addr, Tree-| D=a, | nst ance- |
CC- | D=Y, Label =y, O=0,
pat h-attri but e, ERO, SR- ERO

<--PClnitiate, PLSP-1D=1,
root - addr, Tree- | D=a, | nst ance- |
CC- | D=X, C=0,
O=0, L=x, P2MP- end-

poi nt s(Leaf Type=5), path-attri bute,

ERO, SR- ERO

------- PCRpt, PLSP-ID=1-----------
root - addr, Tree- |1 D=a, | nst ance- |
CC- | D=X, Label =x, O=0,
P2MP- end- poi nt s( Leaf Type=5)
pat h-attri ut e, ERO SR- ERO

<--PCUpd, PLSP- | D=1, SRP-1D =2,
root - addr, Tree-| D=a, | nst ance- |
P2MP- end- poi nt's

root - addr, Tree- | D=a, | nst ance- |
P2MP- end- poi nt s( Leaf Type=5)

I
I
_______ PCRpt, PLSP- 1 D=1, SRP-1D =2, ->|
I
I
I

Note that on transit / leaf Initiate is with PLSP-1D

PLSP-I1D is locally unique to a node.

I D does not need to be constant across all nodes that

pat h.

PCE-Initiated workfl ow

Bi dgol i,

Fomm - - + +
| PCC I
| Root |
4o | |
| PCC +------- +
| Transit]| |
||
et al. Expi res 4 Decenber 2026

June 2026
I
I
----| Downl oad
D=b,| Transit
| RS
I
I
.- - >|
D=b, |
I
I
I
| Downl oad
D=b, | Root
| RS
I
I
I
I
.- - >|
D=b, |
I
I
I
I
I
D=b,| Activate
CP to | ast
RS

D=b,

= 0. Therefore

It should be noted that the CC

make up the

[ Page 53]
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| PCC +-------- + I
I | I I
| Leaf [ | |
oo S |
| | | <--PClnitiate, PLSP-1 D=0, |
| | | r oot - addr, Tree- 1 D=0, | nst ance-| D=b, |
| | | P2MP- end- poi nts, associ ation-obj |
I I I I
| | [------- PCRpt, PLSP-ID=1, ------------- >|
| | | root -addr, Tree-| D=a, | nst ance- | D=b, |
| | | P2MP- end- poi nt s( Leaf Type=5) |
| | | associ ati on- obj ect, |
I I I I
| | | <--PCUpdt, PLSP- 1 D=1, |
| | | root - addr, Tree- 1 D=a, | nst ance- 1 D=b, |
| | | CC- | D=X, C=0, |
| | | ©O=0, L=x, P2MP- end- |
| | | poi nt s(Leaf Type=5), path-attri bute,
| | | ERO, SR- ERO |
I I I I
| | [------- PCRpt, PLSP-ID=1-------------- >|
| | | root -addr, Tree- | D=a, | nst ance- | D=b, |
| | | CC- | D=X, Label =x, O=0, |
| | | P2MP- end- poi nt s( Leaf Type=5) |
| | | pat h-attri ut e, ERO SR- ERO |
I I I I
I PClnitiate, PLSP-1 D=0, ------------- |
| | | root -addr, Tree- | D=a, | nst ance- | D=b, |
| | | CCID=z, C=0, |
| | | O=0, L=z, path-attribute, ERO, SR-ERO |
I I I I
R PCRpt, PLSP-ID=1-------------- >|
| | | r oot - addr, Tree- 1 D=a, | nst ance-1 D=b, |
| | | CC- | D=2, Label =z, O=0, |
| | | pat h-attri but e, ERO, SR- ERO |
I I I I
| | <------- PClnitiate, PLSP-1 D=0, ------------- |
| | | root - addr, Tree- |1 D=a, | nst ance- | D=b, |
I | | CCID=Y,C=0, |
| | | ©O=0, L=y, path-attribute, ERO SR-ERO |
I I I I
| [--mmmmme - PCRpt , PLSP- 1 D=2-------------- >|
| | | r oot - addr, Tree- | D=a, | nst ance- | D=c, |
| | | CC- | D=Y, Label =y, O=0, |
| | | pat h-attri but e, ERQ, SR- ERO |
I I I I
| | <------- PCinitiate, PLSP-1 D=0, ------------- |
| | | r oot - addr, Tree- |1 D=a, | nst ance-| D=b, |
Bi dgoli, et al. Expi res 4 Decenber 2026
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CC- | D=Y, C=0, |
O=0, L=y, pat h-attri but e, ERQO, SR-ERO |
|
————————————— PCRpt , PLSP-1 D=2-------------->|
r oot - addr, Tree- | D=a, | nst ance-| D=h, |
CC- | D=Y, Label =y, O=0, |
pat h-attri but e, ERO, SR- ERO |
I
<--PCUpd, PLSP- I D=1, SRP-1D =1, | Bind and
root-addr, Tree-1D=a, | nstance-|D=b,| Activate
P2MP- end- poi nt s, | CP to |ast
| RS
------ PCRpt, PLSP-1D=1, SRP-ID = 1, - >|
root - addr, Tree- |1 D=a, | nst ance- | D=b, |
P2MP- end- poi nt s( Leaf Type=5) |
+ R, +
| | PCE |
| S R +
I I
|
| PCECC LSP
I
I
|
PClnitiate, PLSP-1D=1, ------------- | Downl oad
root - addr, Tree- | D=a, I nst ance-1D=b,| new RS on
CC- | b=21, C=0, | Leaf
0O=0, L=z1, path-attri but e, ERO SR- ERO |
I
[---mmm - PCRpt, PLSP-1D=1-------------- >|
root - addr, Tree- |1 D=a, | nst ance- | D=b, |
CC- | D=21, Label =21, O=0, |
pat h-attri but e, ERO, SR- ERO |
I
PClnitiate, PLSP-1D=2, ------------- | Downl oad
root-addr, Tree-1D=a, | nstance-1D=b,| new RS on
CC- 1 D=Y1, C=0, | Transit
O=0, L=y1, pat h-attri but e, ERO SR- ERO |
I
[------------- PCRpt , PLSP- 1 D=2-------------- >|
root -addr, Tree- | D=a, | nst ance- | D=b, |
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CC- | D=Y1, Label =y1, O=0,
pat h-attri but e, ERO, SR- ERO

I I I I
I I I I
| | | |
| | | <--PClnitiate, PLSP-1D=1, | Downl oad
| | | r oot - addr, Tree- | D=a, I nst ance-1D=bh,| new RS on
| | | CC- | D=X1, C=0, | Root
| | | O=0, L=x1, P2MP- end- |
| | | poi nt s( Leaf Type=5), path-attribute, |
| | | ERO, SR- ERO |
I I I I
| | [------- PCRpt, PLSP-ID=1-------------- >|
| | | r oot - addr, Tree- |1 D=a, | nst ance- | D=b, |
| | | CC- | D=X1, Label =x1, O=0, |
| | | P2MP- end- poi nt s( Leaf Type=5) |
| | | pat h-attri ut e, ERO, SR- ERO |
I I I I
| | | <--PCUpd, PLSP- 1 D=1, SRP-1D =1, | Bind and
| | | root - addr, Tree- |1 D=a, | nst ance-1D=b, | Activate
, | | | P2MP- end- poi nt s, | CP to Iast
I I I | RS
| | [------- PCRpt, PLSP-I1 D=1, SRP-1D = 1, ->|
| | | root -addr, Tree- | D=a, | nst ance- | D=b, |
| | | P2MP- end- poi nt s( Leaf Type=5) |
I I I I
| | | <--PClnitiate, PLSP-1D=1, R=1 | Renove
| | | root - addr, Tree- 1 D=a, I nstance-1D=b,| the old RS
| | | CC- 1 D=X1, C=0 | from Leaf
| | | ©O=0, L=x1, P2MP- end- |
| | | poi nt s(Leaf Type=5), path-attribute, |
I I |  ERO SR-ERO I
I I I I
| | [------- PCRpt, PLSP-I D=1, R=1--------- >|
| | | r oot - addr, Tree- 1 D=a, | nst ance-1 D=b, |
| | | CC- | D=X1, Label =x1, O=0, |
| | | P2MP- end- poi nt s( Leaf Type=5) |
| | | pat h-attri ut e, ERO SR- ERO |
I I I I
| | <=------ PClnitiate, PLSP-1D=2, R=1---------- | Rerove the
| | | root - addr, Tree-1D=a, I nstance-1D=b,| old RS from
| | | CC-ID=Y1, C=0, | Transit
| | | O=0, L=yl, path-attribute, ERO SR- ERO |
I I I I
| R PCRpt, PLSP-I D=2, R=1--------- >|
| | | root - addr, Tree- |1 D=a, | nst ance- | D=b, |
| | | CC- | D=Y1, Label =y1, O=0, |
| | | pat h-attri but e, ERO, SR- ERO |
I I I I
IR PClnitiate, PLSP-1 D=1, R=1----------- | Rernove the
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| | root - addr, Tree- | D=a, | nst ance- | D=b,
| | CCID=z1, C=0,

| | O=0, L=z1, path-attri bute, ERO SR- ERO
I I

————————————————————— PCRpt, PLSP-1 D=1, R=1---------->
| | r oot - addr, Tree- | D=a, | nst ance- | D=b,
CC- | D=21, Label =z1, O=0,

I
I
I
I
I
I
| | pat h-attri but e, ERO, SR- ERO |
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