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Abst ract

SR P2MP policies are set of policies that enable architecture for
P2MP service delivery.

A P2MP policy consists of candidate paths (CPs) that connects the
Root of the Tree to a set of Leaves. The P2MP policy is conposed of
replication segnents [RFC9524]. A replication segnent is a
forwarding instruction for a candidate path which is downl oaded to
the Root, transit nodes and the | eaves.

Thi s docunent specifies a new BGP SAFl with a new NLRI in order to
advertise P2MP policy froma controller to a set of nodes.

Thi s docunent introduces three new route types within this NLRI, one
for P2MP policy and its candidate paths that need to be programed on
the Root node, one for the replication segnent incom ng SID which
uniquely will identify the replication state and anot her for each
outgoing interface that the packets get replicated to. The last two
route types are forwarding instructions that needs to be programed
on the Root, and optionally on Transit and Leaf nodes.

It should be noted that this docunment does not specify how the Root
and the Leaves are discovered on the controller, it only describes
how t he P2MP Policy and Replication Segnents are progranmed fromthe
controller to the nodes.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.
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Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any

tinme.

It is inappropriate to use Internet-Drafts as reference

material or to cite themother than as "work in progress.”
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1. Introduction

The draft [draft-ietf-pi msr-p2np-policy] defines a variant of the SR
Pol i cy [ RFC9256] for constructing a P2MP segnent to support nulticast
service delivery.

A Point-to-Miltipoint (P2MP) Policy contains a set of candidate paths
and identifies a Root node and a set of Leaf nodes in a Segnent
Routing Domain. The draft also defines a Replication segnent, which
corresponds to the state of a P2MP segnent on a particul ar node. The
Replication segnent is the forwarding instruction for a P2MP LSP at
the Root, Transit and Leaf nodes.

For a P2MP segnent, a controller my be used to conpute a tree froma
Root node to a set of Leaf nodes, optionally via a set of replication
nodes. A packet is replicated at the root node and optionally on
Repl i cation nodes towards each Leaf node.

It should be noted that two replication nodes can be connected
directly, or they can be connected via unicast SR segnent or a
segnent |ist.

The | eaves and the root of a p2nmp policy can be discovered via the
mul ticast protocols or procedures |ike NG MVPN [ RFC6513] or manual ly
configured on the Router (CLI) or the Controller

Based on the discovered root and | eaves, the controller builds a P2M
policy and advertise it to the head-end router (i.e. the root of the
P2MP Tree). The advertisenent uses BGP extensions defined in this
docunent. The controller also calculates the tree path and buil ds
the replication segnents on each segnent of the tree, Root, Transit
and Leaf nodes and downl coads the forwarding instructions to the nodes
via BGP extensions defined in this docunent.
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1.

3.

3.

SR p2np policy is a variant of the SR policy and as such it reuses
the concept of a candidate path. This draft reuses some of the
concepts and TLVs mentioned in [ RFC9830]

A CPwith in the P2MP policy can contain nmultiple P2MP tree instance
(PTI). A PTlI can be viewed as a P2MP LSP that needs its own set of
Replication segments. Two PTlIs can be used for global optimzation
pur poses, by setting up the optim zed PTI and executing a rmake before
break procedures fromold PTlI to the new one.

1. Term nol ogy

The readers of this docunment should fanmiliarize thenselves with the
foll owi ng docunents and sections for term nol ogy and details

i mpl ementation of the SR P2MP Policy and SR Replication for

Mul ti purpose Service Delivery. [RFC9524] section 1.1 defines terns
specific to SR Replication Segnent and al so expl ai ns the Node

term nology in a Miulticast donmain, including the Root Node, Leaf Node
and a Bud Node. [draft-ietf-pimsr-p2np-policy]section 1.1, defines
terns and concepts specific to SR P2MP Policy including the Candidate
Path (CP) and the P2MP-tree-instance (PTI).

Conventions used in this docunent
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119]

P2MP Pol i cy and Replication Segment Encodi ng
1. P2MP Policy SAFI and NLRI
Thi s docunment defines a new BGP NLRI, called the P2MP- POLI CY NLRI.
A new SAFI is defined: the SR P2MP Policy SAFI, (Codepoint tbd

assigned by 1ANA). The following is the format of the P2MP-POLI CY
NLRI :

oo e e e e e e e e e oo - oo +

| route type | 1 octet
S +

| I ength | 1 octet
o +

| route type specific (variable)

oo e e e e e e e e e oo - oo +
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* The Route type field defines the encoding of the rest of the P2MP-
POLI CY NLRI.

* The length field indicates the length in octets of the route type
specific data, excluding route type and | ength

* This document defines the followi ng route types:

- P2MP Policy route: TBDl1l, this is the actually P2MP policy on
the root which contains the candidate paths, its preference and
PTl s.

- Replication Segnent Binding SID: TBD2, this is part of the
replication segnent and it is used for programm ng the incom ng
SID used to identify a P2MP cross connect.

- Replication Segnent OF: TBD3, this is a single Qutgoing
Interface for the P2MP cross connect. It also contains the
out goi ng SID

The NLRI containing the SR P2MP Policy is carried in a BGP UPDATE
message [ RFC4271] using BGP nultiprotocol extensions [RFC4760] with
an AFl of 1 or 2 (IPv4d or IPv6) and with a SAFlI of "TBD' (assigned by
| ANA fromthe "Subsequent Address Famly ldentifiers (SAFI)

Par amet ers" registry).

3.1.1. P2MP Policy Route - Route Type TBD1

. +
| Root Length | 1 octets
T T T Ty +

~ Root ~ 4 or 16 octets (ipvd/ipv6)
o e e e e e e e e e e e e e o m o +

| Tree-1D | 4 octets
O +

| Di sti ngui sher | 4 octets

Fom e eee e eeeeeeieeaesccieeaaaaen. +

* Root: IPv4/1Pv6 address of the head-end (Root) of the p2mp tree,
based on AFI.

* Tree-ID: a unique 4 octets identifier of the P2MP Policy on the
head- end (root)router
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3.

1.

* Distinguisher: 4-octets value uniquely identifying the policy in
the context of <Tree-ID, Root> tuple. The distinguisher has no
semantic value and is solely used by the SR P2MP Policy origi nator
to make unique (froman NLRI perspective) nultiple CP within the
same SR P2MP Policy as well as CP within different SR P2MP Pol i cy.

2. Replication segment Route Binding SID- Route type TBD 2

There can be two type of replication segnent, shared and non-shar ed.
A shared replication segnent can carry nmultiple MVPN services or it
can be used for Facility Fast reroute protecting nmultiple P2MP trees.
A non-shared tree is used when the |abel field of the PMSI Tunne
Attribute (PTA) is set to 0 as per
[draft-ietf-bess-nmvpn-evpn-sr-p2nmp]. The Binding SID route type
Programs the incomng replication SID on the replication node. Since
a replication cross connect has a single incomng replication SID
with a set of Qutgoing Interfaces, this route type can be used to
downl oad the replication SID once for the cross connect.

o +
| Root Length | 1 octets
oo e e e e e e e e e oo - oo +
~ Root ~ 4 or 16 octets (ipvdl/ipv6)
S +
| Tree-1D | 4 octets
o +
| Di stingui sher | 4 octets
oo e e e e e e e e e oo - oo +
| P2MP-tr ee-i nst ance | 2 octets
S +
| Node- I D Length | 1 octets
o +
~ Node- | D ~ 4 or 16 octets
oo e e e e e e e e e oo - oo +

Replication SID Length | 1 octets
S +
~ Replication SID ~ 4 or 16 octets
o +

* Root: |Pv4/IPv6 address of the head-end (Root) of the p2np tree
based on AFI.

* Tree-ID: a unique 4 octets identifier of the p2np tree on the
head- end router (Root)
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3.1.3.

Thi

P2MP-tree-instance (PTlI): identifies the PTI with in the p2np-
policy. Each candidate path can have one or nore PTI. PTI is
used for global optimzation of the candidate path via make before
break procedures.

Di stinguisher: 4-octets value uniquely identifying the policy in
the context of <Tree-ID, Root> tuple. The distinguisher has no
semantic value and is solely used by the SR P2MP Policy origi nator
to make unique (froman NLRI perspective) nultiple CP within the
same SR P2MP Policy as well as CP within different SR P2MP Pol i cy.

Node-1D: This Node's |Pv4/|Pv6 address
Replication SID: the incoming replication SID used to identify
this replication point (MPLS or SRv6). Note the replication SID
is not part of the NLRI key.

Replication segnent Route O F- Route type TBD 3

s route type is used to identify and program each out going

interface individually for a replication cross connect. Downl oadi ng
each O F individually ensures easier nodification and progranmm ng
Note: this route type can be used for shared and non-shared
replication segnent as it was explained in previous sections.

Bi dgol

T | octes
"_____________hbbi """"""""" N 4 or 16 octets (ipv4/ipve)
------------- Tree|D|+ 4 octets

T ostinguisher [ 4 octets

T e metance | 2 ostets
T e 1D Lengtn | 1 ootets
------------kbaé:[b ----------- t 4 or 16 octets

7 ot sam o Lonain | 1 octts

" DownstreamNode t4or 16 octets

Gut goi ng- Fepl fcat o8 D Lengih | 1 octers

" Gtaoi ng-Repl i cation-SID - 4 or 16 octes
_________________________________ +
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3.

3.

2

2

* Root: IPv4/1Pv6 address of the head-end (Root) of the p2np tree
based on AFI.

* Tree-ID: a unique 4 octets identifier of the p2np tree on the
head- end router (Root)

*  P2MP-tree-instance (PTlI): identifies the PTI with in the p2mp-
policy. Each candidate path can have one or nore PTI. PTI is

used for global optimzation of the candidate path via make before

break procedures.

* Distinguisher: 4-octets value uniquely identifying the policy in
the context of <Tree-ID, Root> tuple. The distinguisher has no
semantic value and is solely used by the SR P2MP Policy origi nator
to make unique (froman NLRI perspective) nultiple CP within the
same SR P2MP Policy as well as CP within different SR P2MP Pol i cy.

*  Node-ID: This Node's | Pv4/|Pv6 address
*  Downstream Node: Downstream Node | Pv4/| Pv6 address

* Qutgoing-Replication-SID: The outgoing SID for this branch (MPLS
or SRv6). Note the outgoing-TreeSIDis not part of the NLR Key.

Tunnel Encapsul ation Attribute

The content of this new NLRI is encoded in the tunnel Encapsul ation
Attribute originally defined in [ RFC9012] using two new Tunnel - Type
TLV (codepoint is TBD, assigned by | ANA fromthe "BGP Tunne
Encapsul ation Attribute Tunnel Types" registry) one for P2MP Policy
and another for Replication segment.

1. SR P2MP policy encoding
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SR P2MP Policy SAFI NLRI: <route-type p2mp-policy>
Attributes:
Tunnel Encaps Attribute (23)
Tunnel Type: (TBD, P2MP-Poli cy)
Pref erence
SR Policy Nane
SR Policy Candi date Path Name
leaf-1ist (optional)
renot e-end poi nt
renot e-end poi nt

pti-list
active-lnstance-|D
I nstance-1D
* Relevant only at the Root.
* SR P2MP-PCLI CY NLRI and P2MP Policy route type.

* Tunnel Encapsul ation Attribute is defined in [RFC9012]

*  Tunnel -Type is set to P2MP-Policy Tunnel - Type TBD (assi gned by
I ANA fromthe "BGP Tunnel Encapsul ation Attribute Tunnel Types"

registry).
* SR Policy Name, SR Policy Candidate Path Nanme are defined in
[ RFC9830]
* Preference, leaf-list, remdte-end point and pti-list, P2MP-tree-

i nstance are defined in this docunent.
* Additional sub-TLVs may be defined in the future.
3.2.2. Replication segnent Binding SID encoding
replication segnent Binding SID SAFI NLRI:
<rout e-type non-sahred/ shared
tree replication-segnent-bindi ng-si d>

This route type has no additional sub-TLVs, and it is only nmeant to
downl oad the incoming SID for the replication cross connect.

3.2.3. Replication segment O F encodi ng
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replication segnent SAFI NLRI: <route-type replication-segnent-binding-sid
or
replication-segnent-oif>
Attributes:
Tunnel Encaps Attribute (23)(Optional)
Tunnel Type: (TBD Replication-Segment-oif)
segment -1 i st
wei ght (optional)
protection (optional, nust be present when protection flag is enabled for dow
nst r eam nodes)
segment
segnent

segment -1 i st
wei ght (optional)
protection (optional, nust be present when protection flag is enabled for dow
nst r eam nodes)
segment
segment

segnment-list (protection segnment |ist)
protection (protecting the first segnent list, can't have wei ght sub-tlv)
segnent
segnent

* SR P2MP- POLI CY NLRI and non-shared tree Replication segnment route
type or shared tree Replication segnment route type

* Tunnel Encapsulation Attribute is defined in [RFC9012].

*  Tunnel -Type is set to Replication Segnent O F Tunnel Type, TBD
(assigned by I1ANA fromthe "BGP Tunnel Encapsul ation Attribute
Tunnel Types" registry). Note: this tunnel-type is optional. The
outgoing replication sid is part of the replication segment OF
Route type. As such if the P2MP Policy is creating a hop by hop
tree then there is no need for this TEA. If the P2MP policy is
programng a tree where 2 or nore replication segnents are
connected via unicast SR Policy or SID List then this TEA can be
used. The Segnents are unicast SIDs or binding SID. |F binding
SID used then the segment-list can be bind to a existing unicast
SR Pol i cy.

* segnent-list are defined in this docunent.

* Additional sub-TLVs may be defined in the future.
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3.3. P2MP Policy Sub-TLVs

EACH P2MP policy NLRI represents a candidate path for a P2MP policy.
A P2MP policy can have multiple candi date paths and woul d need
mul tiple P2MP policy NRLI to download all the candi date pat hs.

3.3.1. preference Sub-TLV

Is defined in "Preference Sub-TLV' section in [ RFC9830] the candi date
path with highest preference is the active candi date path.

3.3.2. leaf-list Sub-TLV

The leaf list sub-tlv identifies a set of |leaves for the tree. Each
leaf is a renote endpoint as defined in [RFC9012] The leaf-list sub-
tlv is optional. The Controller can choose to downl oad the |eaf |ist
every tinme it is configured or learns a new leaf. |If the PCE chooses
to downl oad this optional sub-tlv it should download the entire set
of the end-points every tinme the endpoint |ist has been nodified.

The leaf list has informational value only hence why it is optiona
and it is not required for the root PE to operate. However, it nust
be noted that in sone cases the end-points |list can becone very |arge
with 100s of | eaves.

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

I Type | Lengt h | RESERVED |
B S T i s T S S S R S i ik Tk I I N R S S S i e
/1 sub- TLVs /1

R et e s i o e s i i

* Type: TBD, 1 octet

* Length: 2 octets, the total length (not including the Type and
Length fields) of the sub-TLVs encoded within the leaf-list sub-
TLV.

* RESERVED: 1 octet of reserved bits. SHOULD be unset on
transm ssi on and MJST be ignored on receipt.

* sub-TLVs: One or nore renote endpoint sub-TLVs. Note the renote
endpoi nt object is defined in [ RFCO012]
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3.3.3. pti-list Sub-TLV

The P2MP-tree-instance (PTlI) list sub-tlv contains one or nore PTIs.
A PTl in essence is a P2MP LSP. These PTIs can be used for MBB
procedure under a candidate path. Each PTlI has a unique id (4
octets) with in the <Root, P2MP policy>  The Controller SHOULD

al ways downl oad all PTIs to the node. The active PTlI is identified
via the active PTlI sub-tlv.

The PTI and its replication segnents should be configured fromroot
to the leaves first before the Controller switches fromcurrent
active PTI to the newy progranmmed PTI.

As per[draft-ietf-pimsr-p2np-policy] section 2.3, a PTI is
identified by an Instance-1D.

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 | Lengt h | RESERVED |
I S T T S S e e e T A AT e e S
/1 Sub- TLVs /1

i i i T i I S i e s o o i i

* Type: TBD, 1 octet

* Length: 2 octets, the total length (not including the Type and
Length fields) of the sub-TLVs encoded within the Segment List
sub- TLV.

* RESERVED: 1 octet of reserved bits. SHOULD be unset on
transm ssi on and MJST be ignored on receipt

* sub-TLVs: * active instance-id * one or nore instance-id
3.3.3.1. active Instance-|D Sub-TLV

The Active Instance-1Dis used to identify the PTI which should be
active anongst the collection of PTIs.

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 | Lengt h | RESERVED |
B i s T T i i o S o T Ji I
| Active | nstance-ID | RESERVED2 |

T T S i S S S S S S A S S
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*  Type: TBD.

* Length: the total length (not including the Type and Length
fields) of the sub-TLVs encoded within the Segnent List sub-TLV.

* RESERVED: 2 octet of reserved bits. SHOULD be unset on
transm ssion and MJUST be ignored on receipt.

* active Instant-1D: The identifier of the active PTI

* RESERVED2: 2 octet of reserved bits. SHOULD be unset on
transm ssion and MJST be ignored on receipt.

.3.2. instance-id Sub-TLV
Mul tiple Instance-ids can be programmed for a candi date path.
0 1 2 3

01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type | Length | RESERVED |
el i I e i it T e e e e i i T o S e e S e T R R
| I nstance-1D | RESERVED2 |

e T T S e e o o T i e T S e S
*  Type: TBD

* Length: the total length (not including the Type and Length
fields) of the sub-TLVs encoded within the Segnent List sub-TLV.

* RESERVED: 2 octet of reserved bits. SHOULD be unset on
transm ssi on and MJST be ignored on receipt.

* |nstan-1D: 2 octet identifier of a none active PTI.

* RESERVED2: 2 octet of reserved bits. SHOULD be unset on
transm ssion and MJST be ignored on receipt.

Replication segnment Sub-TLVs
1. Segnent list Sub-TLV

The segment list Sub-TLV is defined in [RFC9256]. The segnent-1li st
Sub- TLV contai ns one or nore segment Sub-TLVs. Two replication
segnments can be directly connected or can be connected via a unicast
segnent list and a replication sid. In the later case the
replication sid needs to be at the bottom of the unicast segnent
list.

goli, et al. Expires 31 October 2026 [ Page 13]
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3.4.2. Wight sub-tlv

The Wei ght sub-TLV is optional and is as defined in [RFC9830]. Wth
in the downstream node sub-tlv, there can be one or nore segnment |ist
used for ECMP. |In this case the weight sub-tlv can provi de wei ghted
ECWVP

3.4.3. Protecti on sub-tlv

Protection sub-tlv is optional, if FRRis desired for the downstream
node this sub-tlv can be used to identify the protection segnent
list. To identify protection segnment list this sub-tlv provides a
segnent list identifier. |If protection is desired under the endpoint
all the segnent lists should have this sub-tlv. A protection segnent
list can not have a weight sub-tlv and it can not participate in
ECMP. That said a segnent list that is being protected can have a
wei ght sub-tlv and participate in ECW

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

| Type | Lengt h | FI ags | P| RESERVED |
i i i T i I S i e s o o i i
| segnent list id | protection segnent list id

R et e s i o e s i i
* Type : tbd, 1 octet.
* Length: 1 octet.

* Flag: 1 octet, the P bit is set when this segnent list is
protected by another segnment list for the downstream node

* segnent list id: the segnent list id
* protection segnent list id: the segnent list id that is being used
as protection.
3.4.4. Segnment Sub-TLV
The segment sub-TIv is identified in [RFC9830]. As it was nentioned
before two replication segnments can be connected directly to each

other or via a segnent list. |If they are connected directly to each
other then the segment |ist can be constructed via:
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* |f the replication segnent is steered via | Pv4 or |Pv6 nexthops or
interface then the segnent type E or G can be used with the new R
flag set.

* |f the replication segnent is steered via a SR Uni cast node or
adj acency SID then segnent type A can be used with the new R fl ag
set. Unicast SR segnment types can al so be configured for
st eeri ng.

If they are connected via SR domain then the segnent |ist can contain
multiple different types of SIDs, such as Node, Adjacency or Binding
SIDe. In this case the replication sid is at the bottom of the stack
and of type Awith the Rflag set. The SR node/adjacency or binding
sids steer the packet through a SR domain until it reaches another
replication segnent. where the bottom of the stack replication sid
identifies the forwarding information on that replication segnent.

It should be noted that the segnment sub-TLV is only used to program

the uni cast SR Segnent or outgoing interface for the replication SID
outgoing interface. The outgoing tree SIDit self is programmed in

the appropriate route type.

4. P2MP Policy Operation

Inline with [ RFC9830] the consumer of an P2MP Policy is not the BGP
process. The BGP process is used for distributing the P2MP policy
NLRI and its route-types but its installation and use is outside the
scope of BGP. The detail for P2MP Policy can be found in
[draft-ietf-pimsr-p2np-policy]

4.1. Configuration and advertisenment of P2MP Policies

The controller usually is connected to the receivers via a route
reflector. As such one or nore route-target SHOULD be attached to
the advertisenent of P2MP Policy NLRI and its route-type. Each route
target identifies one head-end (root node) for P2MP Policy route or
one or nore transit and | eaf nodes for the Non- Shared/ Shared Tree
Replication Segnent route, for the advertised P2MP Policy.

4.2. Reception of an P2MP Policy NLR

When a BCGP speaker receives an P2MP Policy NLRI the follow ng rules
appl y:

* The P2MP Policy update MJST have either the NO ADVERTI SE community
or at |east one route-target extended community in |Pv4-address
format. If a router supporting this docunent receives an P2MP
Policy update with no route-target extended communities and no
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NO_ADVERTI SE comunity, the update MJST NOT be processed
Furthernore, it SHOULD be considered to be mal formed, and the
"treat-as-withdraw' strategy of [RFC7606] is applied.

* If one or nore route-targets are present, then at |east one route-
target MJUST match one of the BGP ldentifiers of the receiver in
order for the update to be considered usable. The BGP Identifier
is defined in [RFC4271] as a 4 octet |Pv4 address. Therefore the
route- target extended community MJST be of the sanme format.

* |f one or nore route-targets are present and no one matches any of
the local BGP ldentifiers, then, while the P2MP Policy NLRI is
acceptable, it is not usable on the receiver node.

G obal Optimzation for P2MP LSPs

When a P2MP LSP needs to be optinized for any reason (i.e. it is
taking on an FRR Path or new routers are added to the network) a

gl obal optimzation is possible. Note that optim zati on works per
candi date path. Each candidate path is capabl e of gl oba
optimzation. To do so, each candidate path contains two or nore
PTls. Each PTlI is identified via a Instance-1D (equivalent to an

| sp-id [ RFC3209]). After calculating an optim zed P2MP LSP path the
PCE will programthe candidate path with a 2nd nore optim zed PTI and
its set of replication segnments on the root, transit and | eaf nodes.
After the optimized PTI's replication segnents are downl oaded a MBB
procedure is performed and the previous instance of the PTI is

del eted and renoved from head-end node and its correspondi ng
replication segnents are deleted from head-end, transit and | eaves.

| ANA Consi der ati on

* A new SAFI is defined: the SR P2MP Policy SAFI, (Codepoint thd
assi gned by | ANA)

* 3 new Route type field defines the encoding of the rest of the
P2MP- PCLI CY SAFI

- P2MP Policy Route
- Replication Segnent Binding Sid
- Replication Segnent OF
*  Two new Tunnel type to be assigned by | ANA

- P2MP-Pol i cy Tunnel - Type
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- Replication Segment O F Tunnel Type
6. Security Considerations
TBD
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