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Abst ract

Thi s docunent specifies a BGP address famly and rel ated procedures
that allow BGP to be used for setting up rmulticast distribution
trees. This document al so specifies procedures that enable BGP to be
used for nulticast source discovery, and for showing interest in
receiving particular multicast flows. Taken together, these
procedures allow BGP to be used as a replacenent for other nulticast
routing protocols, such as PIMor nmLDP. The BGP procedures specified
here are based on the BGP nulticast procedures that were originally
designed for use by providers of Multicast Virtual Private Network
servi ce.

Thi s docunent al so descri bes how vari ous signaling nechani sns can be
used to set up end-to-end inter-region multicast trees.

Requi renent s 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

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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Thi s docunent assunes the readers are famliar with basic nulticast
oncepts. Sone termnologies are included here for conveni ence.

C

PIM Protocol |ndependent Milticast [ RFC7761].

ASM Al'l/Any Source Miulticast. A nulticast node where a receiver
is interested in receiving traffic for a nulticast group from

anywher e.
SSM  Source-Specific Milticast [RFC7761].
PI M ASM PI M procedures for ASM

PI M SSM PI M procedures for SSM

Zhang, et al. Expires 17 Septenber 2026

[ Page 3]



I nternet-Draft bgp- ntast March 2026

Zhang,

PIMPort: PIMOver Reliable Transportation [RFC6559].

PIMBidir: PIMprocedures for bidirectional shared trees
connecting nmulticast sources and receivers [ RFC5015].

RP: Rendezvous Point, the root of the non-source-specific
distribution tree for a nulticast group [RFC7761].

RPA: Rendezvous Point Address for the root of a bidirectiona
distribution tree for a range of multicast groups [ RFC5015].

RPL: Rendezvous Point Link, the Iink to which the RPA bel ongs.

RPF: Reverse Path Forwarding, by which nulticast traffic is
forwarded fromthe root of a nulticast tree in the reverse path on
which the tree | eaves woul d reach the root.

FHR: First Hop Router (connecting to a nulticast source)
[ RFC7761] .

LHR: Last Hop Router (connecting to a multicast receiver)
[ RFC7761] .

(X, Q: An IP nulticast flowtree for a group G where x is either
an 'S for a specific source or a '*' for all sources.

| GWP: Internet G oup Managenent Protocol [RFC3376].
MLD: Multicast Listener Discovery [RFC3810].

P2MP:  Poi nt-to- Ml ti Point.

MP2MP: Ml ti Point-to-MiltiPoint.

nLDP: Label Distribution Protocol Extensions for P2MP and MP2MP
Label Switched Paths [ RFC6388].

S-PMBI: Selective Provider Miulticast Service Interface. 1In

[ RFC6514], the termrefers to a pseudo-interface used to send
custoner nulticast to a subset of Provider Edge routers, and
S-PMSI Aut o-Di scovery (A-D) routes are used to advertise the

bi ndi ng of customer multicast flows to a tunnel that instantiates
a pseudo-interface. |In this docunent, S-PMSI A-D routes are used
for various purposes as described in Section 2.2.5 and

Section 2.2.6.

PTA: PMSI Tunnel Attribute [RFC6514]. An attribute carried in an
S-PMSI A-D route that specifies the tunnel instantiating the PMSI
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EC. BGP Extended Community.

RT: BGP Route Target.

RTC. Route Target Constrain (RTC) [ RFC4684].
1.2. Mdtivation

This section provides sone notivation for BGP signaling for native
and | abeled nulticast. One target deploynment would be a Data Center
(DC) that requires multicast but uses BGP as its only routing
protocol [RFC7938]. |In such a deploynent, it would be desirable to
support multicast by extending the deployed routing protocol, wthout
requiring the depl oynent of tree-building protocols such as PIM
mLDP, and without requiring an I GP

Additionally, conpared to PIM BGP-based signaling has severa
advant age as described in the followi ng section, and nay be desired
i n non-DC depl oynment scenarios as well.

1.2.1. Nat i ve/ unl abel ed Mul ti cast

Prot ocol | ndependent Multicast (PIM [RFC7761] has been the
prevailing multicast protocol for many years. Despite its success,
it has two drawbacks:

*  The ASM nodel, which is preval ent, introduces conplexity in the
foll owi ng areas: source discovery procedures, need for Rendezvous
Points (RPs) and group-to-RP mappi ngs, need to switch between RP-
rooted trees and source-rooted trees, etc.

* Periodical protocol state refreshes due to soft state nature.

Pl M SSM r enoves nmuch of the conplexity of PIM ASM by novi ng source
di scovery to the application |layer. However, for various reasons,
many | egacy applications and devices still rely upon network-based
source discovery. PIMOver Reliable Transport (PORT) [RFC6559]

sol ves the soft state issue, though its deploynent has al so been
limted for two reasons:

* |t does not renobve the ASM conpl exities.

* |In many of the scenarios where reliable transport is deened
i nportant, BGP-based multicast (e.g. BG>-MWPN) has been used
i nstead of PORT.

Partly because of the above-nentioned problens, sone Data Center
operators have been avoi ding deploying rmulticast in their networks.
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BGP- WPN [ RFC6514] uses BGP to signal VPN customer multicast state
over provider networks. It renoves the above-nentioned problems from
the Service Provider (SP) environment and has been wi dely depl oyed.
Wi |l e RFC 6514 enables an SP to provide MVPN service without running
PIMon its backbone, it assunes that PIM (or nLDP) runs on the PE-CE
links. [I-D.ietf-bess-nvpn-pe-ce] adapts the concept of BGP-M/PN to
PE-CE |links so that the use of PIMon the PE-CE links can be
elimnated (though the PIM ASM conmpl exities still remain in the
custonmer network), and this docunent extends it further to general
topol ogi es, so that they can be run on any router, as a repl acenent
for PIMor nLDP.

Wth that, PIMcan be elimnated fromthe network. PIMsoft state is
repl aced by BGP hard state. For ASM source-specific trees are set
up directly after sinpler source discovery (data-driven on FHRs and
control -driven el sewhere), all based on BGP. Al the conplexities
related to source discovery and shared/source tree switch are al so
elimnated. Additionally, the trees can be set up with MPLS | abel s,
with just minor enhancenents in the signaling.

1.2. 2. Label ed Mul ti cast

There could be two forns of |abeled multicast signaled by BGP. The
first one is labeled (x,G multicast where 'x' stands for either 'S
or '*'. Basically, it is for a BG>-signaled nulticast tree as
described in the previous section but with | abels. The second one is
for mLDP tunnels with BGP signhaling in part or whol e through a BGP
domai n.

For both cases, BGP is used because other |abel distribution
mechani sms |i ke nLDP may not be desired by sonme operators. For
exanpl e, a DC operator may prefer to have a BGP-only depl oynent.

1.3. Overview

Thi s overvi ew section describes the node of operation and sone
consi derati ons.

At a very high level, PIMJoin nmessages or nLDP Label mapping

messages are replaced by BGP updates of MCAST- TREE SAFI with the
following NLRI format (Section 2.1):
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o m o e e +
| Rout e Type (1 octet) |
o e e e e e e e e e e e e e o m o +
| Length (1 octet) |
o m o oo +
| Route Type specific (variable) |
o m o e +

Different route types are described in this section as they are
encount er ed.

1.3.1. (x,§ Milticast

PI M mLDP-1i ke functionality is provided, using BGP-based join
signaling and BGP-based source discovery in the case of ASM The
BGP- based join signaling supports both | abeled nulticast and IP
nmul ti cast.

The sane RPF procedures as in PIMnlLDP are used for each router to
determ ne the RPF nei ghbor for a particular source or RPA (in the
case of Bidirectional Tree) or root. Except in the Bidirectional
Tree case and a special case described in Section 1.3.1.2, no (*,Q
join is used - LHR routers di scover the sources for ASM and then join
towards the sources directly. Data-driven nmechanisns |ike PIM Assert
are replaced by control -driven nmechani snms (Section 1.3.4).

One of the route types is Leaf A-Droute - the equivalent of a PIM
Joi n nessage or nLDP Label Mapping nessage. The Leaf A-D routes are

targeted at the upstream nei ghbor by use of Route Targets. In sone
cases, S-PMSI A-D routes are al so used, as described in sonme sections
bel ow.

If the BGP updates carry labels (via Tunnel Encapsulation Attribute

[ RFC9012]), then (S,G nulticast traffic can use the labels. This is
very simlar to nLDP Inband Signaling [ RFC6826], except that there
are no corresponding "nLDP tunnels" for the PIMtrees. Simlar to
mL.DP, |abeled traffic on transit Local Area Networks (LANs) are point
to point. O course, traffic sent to receivers on a LAN by a LHR is
native nulticast.

For | abeled bidirectional (*,G trees, downstreamtraffic (away from
the RPA) is forwarded as in the (S, G case. For upstreamtraffic
(towards RPA), the upstream nei ghbor needs to advertise a |abel for
its downstream nei ghbors. The sane | abel that the upstream nei ghbor
advertises to its upstreamin a Leaf A-Droute is the sane one that
it advertises to its downstreans using an S-PMSI A-D route.
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1.3.1.1. Source Discovery for ASM

Thi s docunent does not support ASMvia shared trees (aka RP Tree, or
RPT) with one exception discussed in the next section. Instead,
FHRs, LHRs, and optionally RRs work together to propagate/di scover
source information via control plane and LHRs join source-specific
Shortest Path Trees (SPT) directly.

An FHR ori gi nates Source Active (SA) A-D routes upon discovering
sources for particular flows and advertises themto its peers. Route
targets are used so that the SA routes only reach LHRs that are
interested in receiving the traffic (Section 2.2.1).

Typically, a set of RRs are used and they maintain all Source Active
routes but only distribute to interested LHRs on demand. The rest of
the docunent assunes that RRs are used, even though that is not
required.

That the set of RRs maintain all SA routes is conparable to that the
RPs in PIMASM maintain all (S,G states in the network. 1In fact, in
Pl M ASM case the states are maintained in both the control plane and
data plane, while in the case of BGP SA-based di scovery, the states
are only naintained in the control plane, and the RRs can be placed
outside the traffic path.

Note that the data-driven source discovery and subsequent control -
driven tree setup nmeans receivers will mss the initial packets of a
mul ticast flow when it just starts or resunes. |If it is inportant to
avoid this, source discovery should be provided by the application

| ayer instead of the network.

1.3.1.2. ASM Shared-tree-only Mde

It may be desired that only a shared tree is used to distribute al
traffic for a particular ASMgroup fromits RP to all LHRs, as
described in Section 4.1 "PIM Shared Tree Forwardi ng" of [RFC7438].
This will significantly cut down the nunber of trees and works out
very well in certain deploynment scenarios. For exanple, all the
sources could be connected to the RP, or clustered close to the RP

In the latter case, either the paths fromFHRs to the RP do not
intersect the shared tree so native forwarding can be used between
the FHRs and the RP, or other means outside of this docunent could be
used to forward traffic fromFHRs to the RP

For native forwarding fromFHRs to the RP, SA routes may be used to
announce the sources so that the RP can join source-specific trees to
pull traffic, but the LHRs do not advertise the group-specific Route
Target Menbership routes as they do not need the SA routes.
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To establish the shared tree, (*,G Leaf A-Droutes are originated
hop- by-hop towards the RP, and corresponding (*, G forwarding states
are established along the way, just like how (S, G Leaf A-D routes
are originated hop-by-hop towards the source and (S, G forwarding
sates are established al ong the way.

1.3.1.3. Integration with BGP- WPN

For each VPN, the Source Active routes distribution in that VPN do

not have to involve PEs at all (unless there are sources/receivers

directly connected to sone PEs) and they are independent of M/PN SA
routes. For exanple, FHRs and LHRs establish BGP sessions with RRs
of that particular VPN for the purpose of SA distribution.

After source discovery, BGP nmulticast signaling is done from LHRs
towards the sources. Wen the signaling reaches an egress PE, BGP-
MVPN si gnaling takes over, as if a PIM (S, G join was received on the
PE-CE interface. Wen the BGP- WPN signaling reaches the ingress PE,
BGP nulticast signaling as specified in this document takes over,
simlar to how BGP-MPN triggers PIM (S, G join on PE-CE interfaces.

1.3.2. BGP Inband Signaling for nLDP Tunnels

Part of an (or the whole) nLDP tunnel can also be signaled via BGP
and seam essly integrated with the rest of nlLDP tunnel signaled
natively via mLDP. All the procedures are simlar to nLDP except
that the signaling is done via BG. The nLDP FEC is encoded in the
BGP NLRI, wth MCAST-TREE SAFI and S-PMSI/Leaf A-D Routes for nlDP
defined in this docunment. The Leaf A-D routes correspond to nlDP
Label Mapping nessages and the S-PMSI A-D routes are used to signal
upstream FEC for MP2MP niDP tunnels, simlar to the bidirectional
(*, @ case.

1.3.3. BGP Sessions

In order for two BGP speakers to exchange MCAST- TREE NLRI, they MJST
use BGP Capabilities Advertisenent [RFC5492] to ensure that they both
are capabl e of properly processing the MCAST-TREE NLRI. This is done
as specified in [RFCA760], by using a capability code 1
(rmultiprotocol BGP) with an AFl of IPv4 (1) or IPv6 (2) and a SAFI of
MCAST- TREE (78).

How t he BGP peer sessions are provisioned, whether EBGP or |BGP,

whet her statically, automatically, or programably via an external
controller, is outside the scope of this docunent.
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In the case of IBGP, it could be that every router peering with Route
Refl ectors, or hop-by-hop I BGP sessions could be used to exchange
MCAST- TREE NLRI's for joins. 1In the latter case, unless desired
otherw se for reasons outside of the scope of this docunent, the hop-
by-hop | BGP sessi ons SHOULD only be used to exchange MCAST- TREE

NLRI s.

VWhen mul ti hop BGP is used, a router advertises its local interface
addresses, for the sanme purposes that the Address List TLV in LDP
serves. This is achieved by advertising the interface address as
host prefixes with | Pv4/v6 Address Specific Extended Conmunity (EC)
corresponding to the router’s local address used for its BGP sessions
(Section 2.1.5).

Because the BGP Capability Advertisenent is only between two peers,
when the sessions are only via RRs, a router needs another way to
determine if its neighbor is capable of signaling multicast via BGP
The interface address adverti sement can be used for that purpose -
the inclusion of a Session Address EC indicates that the BGP speaker
identified in the EC supports the MCAST- TREE NLRI s.

FHRs and LHRs nmay al so establish BGP sessions to sone Route
Refl ectors for source discovery purposes (Section 1.3.1.1).

Wth the traditional PIM the FHRs and LHRs refer to the PIM

Desgi nated Routers (DRs) on the source or receiver networks. Wth
BGP based nulticast, PIMmay not be running at all, and the FHRs and
LHRs refer to the | GwW/ M.D queriers or the Desginated Forwarders
(DFs) elected per [I-D.wijnands-bier-md-I|an-election].

Alternatively, if it is known that a network only has senders then no
| GW/ MLD or DF election is needed - any router nmay generate SA
routes. That will not cause any issue other than redundant SA routes
bei ng ori gi nat ed.

1.3.4. LAN and Parallel Links

There could be parallel links between two BGP peers. A single nulti-
hop session, whether |1BGP or EBGP, between | oopback addresses may be
used. Except for LAN interfaces in the case of unlabeled (x,Q
unidirectional trees (note that transit LAN interface is not
supported for BGP signaled (*,G bidirectional tree, and for nlLDP
tunnels, traffic on transit LAN is point to point between nei ghbors),
any link between the two peers can be automatically used by a
downstream peer to receive traffic fromthe upstreampeer, and it is
for the upstream peer to decide which link to use. |[If one of the

|li nks goes down, the upstream peer switches to a different |ink and
there is no change needed on the downstream peer
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For unl abeled (x, G unidirectional trees, the upstream peer nay
prefer LAN interfaces to send traffic (since multiple downstream
peers may be reached sinultaneously), or it may make a decisi on based
on local policy, e.g., for |load bal anci ng purposes. Because

di fferent downstream peers m ght choose different upstream peers for
RPF, when an upstream peer decides to use a LAN interface to send
traffic, it originates an S-PMsl A-D route indicating that one or

more LAN interface will be used. The route carries Route Targets
specific to the LANs so that all the peers on the LANs inport the
route. |If nore than one router originate the route specifying the

same LAN for the sane (S,G or (*, G flow, then assert procedure
based on the S-PMSI A-D routes happens and assert losers will stop
sending traffic to the LAN

There may be multiple LAN interfaces between two nei ghbors, and the
upstream nei ghbor may send traffic on both LAN i nterfaces because of
ot her downstream nei ghbors on both LANs. In this case, a downstream
nei ghbor will choose one of the LANs to receive traffic - the RTs in
the S-PMSI route enabl es the downstream nei ghbor to determ ne that
its upstream nei ghbor is sending on both interfaces and it will only
choose one on which to receive traffic.

1.3.5. Transition

A network currently running PIMcan be incrementally transitioned to
BGP based nulticast. At any tine, a router supporting BGP based

mul ti cast can use PIMw th some nei ghbors (upstream or downstrean)
and BGP with sonme ot her neighbors. PIMand BG MJUST NOT be used

si mul t aneously between two nei ghbors for multicast purposes, and
routers connected to the sane LAN MJUST be transitioned during the
sane nai nt enance w ndow.

In the case of PIMSSM any router can be transitioned at any tine
(except on a LAN). It nmay receive source tree joins froma m xed set
of BGP and PI M downstream nei ghbors and send source tree joins to its
upstream nei ghbor using either PIMor BGP signaling.

In the case of PIMASM the RPs are first upgraded to support BGP
based multicast. They learn sources either via PIM procedures from
PIM FHRs, or via Source Active A-D routes fromBG° FHRs. |n the
fornmer case, the RPs can originate proxy Source Active A-D routes.
There may be a m xed set of RPs/RRs - sone capable of both
traditional PIMRP functionalities while sonme only redistribute SA
rout es.

Then any routers can be transitioned increnentally. A transitioned

LHR router will pull Source Active A-D routes fromthe RPs/RRs when
they receive |GW/ M.D (*, G joins for ASM groups, and nmay send either
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PIM (S, G joins or BGP Source Tree Join routes. A transitioned
transit router may receive (*, G PIMjoins but only send source tree
joins after pulling Source Active A-D routes from RPs/RRs.

Simlarly, a network currently running nLDP can be increnentally
transitioned to BGP signaling. Wthout the conplication of ASM any
router can be transitioned at any tine, even without the restriction
of coordinated transition on a LAN. It nmay receive mxed niDP | abel
mappi ng or BGP updates from different downstream nei ghbors, and may
exchange either nlDP | abel nmapping or BGP updates with its upstream
nei ghbors, depending on if the neighbor is using BGP based signaling
or not.

1.3.6. Inter-region Milticast

An end-to-end nulticast tree or P2MP tunnel may span nultiple
regions, where a region could be an IGP area (or even a sub-area) or
an Aut ononpbus System (AS), and different nmulticast signaling could be
used in different regions. There are several situations to consider.

1.3.6.1. Inband Signaling across a Region

Wth inband signaling, the nulticast tree/tunnel is signaled through
a region and internal routers in the region maintain correspondi ng
per-tree/tunnel state. A downstream region and an upstream region
may use the same or different signaling. For exanple, a (*/s, § IP
multicast tree with BGP signaling in a downstream regi on can be
signaled with nLDP I nband Signaling [ RFC6826] or with PI M across the
upstreamregion, and a p2np tunnel with BGP signaling in the
downstream region can be signaled with nLDP across the upstream
region, or vice versa. A Regional Border Router (RBR) will stitch
the upstream portion (e.g. PIM niDP-signaled) to the downstream
portion (e.g. BGP-signal ed).

If all routers in the region have routes towards the source/root of
the tree/tunnel then there is nothing different fromthe intra-region
case. On the other hand, if internal routers do not have routes
towards the source/root, e.g. as with Seam ess MPLS
[I-D.ietf-npls-seam ess-npls], the internal routers need to do RPF
towards an upstream RBR. To signal the RBR infornmation to an
internal upstreamrouter, one of the follow ng ways is used dependi ng
on the signaling nethod:

* Wth BGP signaling, the Leaf A-D Route carries a new BGP Ext ended
Conmunity referred to as Miulticast RPF Address EC, simlar to PIM
RPF Vector [RFC5496] and nlLDP Recursive FEC [ RFC6512].

* Wth PIMsignaling, PIMRPF Vector is used.
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* Wth nLDP signaling, nLDP Recursive FEC is used
1.3.6.2. Overlay Signaling Over a Region

Wth overlay signaling, a downstream RBR signals to its upstream RBR
over the region and the internal routers do not maintain the state of
the (overlay) tree/tunnel. This can be done with one of the
fol |l owi ng et hods:

* nLDP P2MP tunnels can be signal ed over the region via targeted LDP
sessions [ RFC7060] .

* Both IP nulticast tree and nmLDP P2MP tunnel s can be signal ed over
a region via BGP- MWPN procedures [ RFC6514].

* Both IP nulticast tree and nLDP P2MP tunnel s can be signal ed over
a region via BGP as discussed in the rest of this section

Al three methods are actually very simlar in concept. The upstream
RBR tunnel s packets to the downstream RBR, just as in the intra-
regi on case when two routers on the tree/tunnel are not directly
connected. The rest of this section only discusses BGP signaling.

Wien a downstream RBR deternines that the route towards the source/
root has a BGP Next Hop towards a BGP speaker capable of multicast
signaling via BGP as specified in this docunent, it signals to that
BGP speaker (via a RR or not).

Suppose an upstream RBR receives the signaling for the same tree/
tunnel from several downstream RBRs. It could use Ingress
Replication to replicate packets directly to those downstream RBRs,
or it could use underlay P2MP tunnel s instead.

In the latter case, the upstream RBR advertises an S-PMsl A-D route
with a PMBl Tunnel Attribute (PTA) specifying the underlay tunnel
This is very much like the "nLDP Over Targeted Sessions" [RFC7060] or
BGP- WPN [ RFC6514] (though MCAST-VPN s C-Multicast routes are
replaced with MCAST-TREE' s Leaf A-D routes). |If the mapping between
overlay tree/tunnel and underlay tunnel is one-to-one, the MPLS Labe
field in the PTAis set to O or otherwi se set to a Donmai n-wi de Conmmon
Bl ock (DCB) |abel [RFC9573] or an upstream assigned | abe
corresponding to the overlay tree/tunnel
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1.3.6.3. Controller Based Signaling

[1-D.ietf-bess-bgp-multicast-controller] specifies the procedures for
a controller to signal nulticast forwarding state to each router on a
mul ticast tree based on the controller’s conputation. Depending on
depl oynent scenarios, in inter-region cases it is possible that the
hop- by- hop signaling specified in this document and the controller
based signaling may be used in different regions.

Consi der a situation where an RBR is connected to three regions A B
and C, where hop-by-hop signhaling is used in A and B, while
controller based signaling is used in C

For a particular multicast tree, Ais the upstreamregion, while B
and C are two downstreamregions. The RBR receives a Leaf A-D route
fromregion B and a Leaf A-D route fromC s controller, and sends a
Leaf A-Droute to its upstreamrouter in A

For a different tree, Cis the upstreamregion while A and B are
downstream The RBR receives two Leaf A-D routes for the tree from
regions A and B, and one Leaf A-Droute fromC s controller. Note
that the RBR needs to signal to the controller that it is a |leaf of
the tree (because of the Leaf A-D routes received fromregions A and
B) .

For both cases, the RBR stitches together different segnents in
different regions by creating forwarding state based on the Leaf A-D
routes (optionally based on the S-PMsl A-Droutes in region A and B
in addition.)

1.3.7. BGP dassful Transport Pl anes

[I-D.ietf-idr-bgp-ct] specifies an experinental framework for
classifying underlay routes into transport classes and mappi ng
service routes to specific transport classes. An underlay route
signaled with BGP-CT SAFlI carries a Transport Cl ass Route Target (TC
RT) to both indicate the transport class that the route belongs to
and to control the propagation and inportation of the underlay route.
The recipients of the underlay routes use the TG-RT to determ ne how
the Protocol NH (PNH) is resolved. A service/overlay route may carry
a mapping conmunity that naps to a transport class that is used to
resolve the service route’s PNH

In the case of nmulticast, the selection of the |ink/tunnel between an
upstream and downstreamtree node may be subject to the transport
class that the tree is for (in the case of an underlay tree) or the
class of transport that the tree should use (in the case of an
overlay tree). |In both the underlay and overlay case, the transport
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class is indicated by a mappi ng cormunity attached to the BGP
mul ticast routes, which could be a color community or any community
i ntended for mapping to the transport.

The mapping comunity not only affects an upstream node’s sel ection
of link/tunnel to a downstream node, but may al so affect a downstream
node’ s selection of its upstreamnode (i.e. the RPF procedure).

[I-D.ietf-idr-bgp-car] is another experimental nechani smthat

provi des class/color-aware routing. Milticast signaled by BGP may be
integrated with that as well, but it is outside the scope of this
docunent .

1.3.8. Flexible Algorithmand Milti-topol ogy

Simlar to classful transport, in the case of nulti-topol ogy

[ RFC4915] [ RFC5120] or Flexible Al gorithm|[RFC9350], a nulticast tree
may be required to do RPF based on a particul ar topol ogy or Flexible
Algorithm (I PA). To signal that, the BGP- MCAST Leaf A-D route may
carry an extended community to encode the topol ogy and/or IPA. Note
that this could al so be an operator-defined mappi ng community that
maps to a transport class (that is associated with a topology or a

Fl exi bl e Al gorithm.

In the grand scheme of inter-region scenario, if nLDP is to be used
with Flexible Algorithmor Milti-topology for signaling in a
particul ar region, [RFC9658] specifies how topol ogy and/or IPA are
encoded.

Simlarly, in the case of PIM [RFC6420] specifies how topol ogy
information is encoded in PIMsignaling and a sinilar mechani smcan
be specified for Flexible Algorithm However, that, and potentially
encodi ng transport class in PIMnlLDP are outside the scope of this
docunent .

2. Specification

2.1. BGP NLRIs and Attributes
The BGP Multi protocol Extensions [RFC4760] allow BGP to carry routes
frommultiple different "AFI/SAFIs". This docunent defines a new
SAFI known as a MCAST- TREE SAFI with val ue 78 assignhed by the | ANA
The MCAST-TREE NLRI defined belowis carried in the BGP UPDATE

messages [ RFC4271] using the BGP nultiprotocol extensions [RFCA760]
with an AFl of IPv4 (1) or IPv6 (2) and a MCAST- TREE SAFI (78).
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The Next hop field of MP_REACH NLRI attribute SHALL be interpreted as
an | Pv4 address whenever the length of the Next Hop address is 4
octets, and as an | Pv6 address whenever the length of the Next Hop is
address is 16 octets.

The NLRI field in the MP_REACH NLRI and MP_UNREACH NLRI is a prefix
with a maxi numlength of 12 octets for |Pv4d AFl and 36 octets for
IPv6 AFl. The following is the format of the MCAST- TREE NLRI:

oo e e e e e e e e e oo - oo +
| Route Type (1 octet) |
S +
| Length (1 octet) |
o +
| Route Type specific (variable) |
oo e e e e e e e e e oo - oo +

The Route Type field defines the encoding of the rest of the Route
Type specific MCAST- TREE NLRI.

The Length field indicates the length in octets of the Route Type
specific field of MCAST- TREE NLRI.

The foll owi ng new route types are defined:

3 - S PMSl A-D Route for (x,Q

4 - Leaf A-D Route

5 - Source Active A-D Route
0x43 - S-PMSI A-D Route for nlDP

Except for the Source Active A-D routes, the routes are to be
consunmed by targeted upstrean downstream nei ghbors and are not
propagated further. This can be achieved by outbound filtering based
on the RTs that lead to the inportation of the routes.

The Type-3/4 routes MAY carry a Tunnel Encapsul ation Attribute (TEA)
[ RFC9012]. The Type-0x43 route MJST carry a TEA. When used for
m.DP, the Type-4 route MJST carry a TEA. The TEA incl udes one tunnel
entry with an MPLS Label Stack Sub-TLV that includes one |label. This
is the | abel associated with the (x,G |abeled tree or nLDP tunnel.

2.1.1. S-PMSI A-D Route

Simlar to defined in RFC 6514, an S-PMSl A-D Route Type specific
MCAST- TREE NLRI consists of the foll ow ng:
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o m o e e +
| RD (8 octets) |
o e e e e e e e e e e e e e o m o +
| Multicast Source Length (1 octet) |
o m o oo +
| Multicast Source (variable) |
o m oo +
| Multicast Goup Length (1 octet) |
o e e e e e e e e e e e e e o m o +
| Milticast G oup (vari abl e) |
o m o oo +
|  Upstream Router’s | P Address |
o m o e e +

If the Multicast Source (or Goup) field contains an | Pv4d address,
then the value of the Multicast Source (or Group) Length field is 32.
If the Multicast Source (or Goup) field contains an | Pv6 address,
then the value of the Milticast Source (or Group) Length field is
128.

Usage of other values of the Multicast Source Length and Ml ticast
Group Length fields is outside the scope of this docunent.

There are three usages for S-PMsSl A-D route. They' re described in
Section 1.3.6.2, Section 2.2.5 and Section 2.2.6 respectively.

2.1.2. Leaf A-D Route
Simlar to the Leaf A-Droute in [ RFC6514], a MCAST-TREE Leaf A-D

route’s route key includes the corresponding S-PMSI NLRI, plus the
Oiginating Router’s | P Address.

o e e e e e e e e e e e e e o m o +
| S-PMSI NLRI |
o m e e e e e e e e mee oo s +
| Originating Router’s | P Address |
o m m e e e e e e e e e e e eo oo s +

For exanple, the entire NLRI of a Leaf A-Droute for (x,§ tree is as
fol | owi ng:
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+- T T +

| | Route Type - 4 (Leaf A-D) |

| o e e e e e e e e e e e e e a - oo +

| | Length (1 octet) |

| SIS + --+

| | ] Route Type - 3 (S-PMSI A-D) | |
I R e T + | S
E| E| | Length (1 octet) | | |
Al A Hommmmmmm e + | P
F| F| | RD (8 octets) | | M

| I R e LT R + | S

| | | Milticast Source Length (1 octet) | | |

| I R e + | |
N| R|] | Milticast Source (variable) | |
I I O B I e e P + |
R| U|] | Milticast Goup Length (1 octet) | | N
I N B B e T T + | L

| E|] | Milticast Goup (vari abl e) | | R

| I R e + |1

| K| | Upstream Router’s |IP Address | |

| E | I I + --+

| Y| | Oiginating Router’s |P Address |

R . +

2.1.3. Source Active A-D Route

Simlar to what is defined in [ RFC6514], a Source Active A-D Route
Type specific MCAST NLRI consists of the foll ow ng:

S +
| RD (8 octets) |
o +
| Multicast Source Length (1 octet) |
oo e e e e e e e e e oo - oo +
| Mul ticast Source (vari abl e) |
S +
| Multicast Goup Length (1 octet) |
o +
| Multicast G oup (variable) |
oo e e e e e e e e e oo - oo +

The definition of the source/length and group/length fields are the
same as in the S-PMSI A-D routes.

Usage of Source Active A-D routes is described in Section 1.3.1.1.
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2.1.4. S-PMBl A-D Route for nlLDP

The route is used to signal upstream FEC for an MP2MP niDP tunnel
The route key include a Route Distinguisher, the nLDP FEC and the
Upstream Router’s | P Address field.

2.1.5. Session Address Extended Comunity

For two BGP speakers to determine if they are directly connected,
each will advertise their local interface addresses, with a Session
Address Extended Conmunity. This is an |IPv4/1Pv6 Address Specific EC
with the dobal Adnministrator Field set to the |ocal address used for
its multi hop sessions and the Local Administrator Field set to the
prefix length corresponding to the interface’ s network mask

As an |1 Pv4 exanple, a router has two interfaces with address
192.0.2.1/28 and 198.51.100. 1/ 24 respectively (notice the different
prefix lengths), and a | oopback address 203.0.113.1/32 that is used
for BGP sessions. It advertises prefix 192.0.2.1/32 with a Session
Address EC 203.0.113.1:28 and 198.51.100.1/32 with a Session Address
EC 203.0.113.1:24. |If it also uses another |oopback address
203.0.113.101/32 for other BGP sessions, then the routes wll
additionally carry Session Address EC 203.0.113.101: 28 and
203.0.113. 101: 24 respectively.

As an I Pv6 exanple, a router has two interfaces with address

2001: DB8::1:1/112 and 2001: DB8::2:1/ 120 respectively (notice the
different prefix lengths), and a | oopback address 2001: DB8::3:1/128
that is used for BGP sessions. It advertises prefix

2001: DB8::1:1/128 with a Session Address EC "2001:DB8::3:1":112 (the
quoted part is the IPv6 address for the dobal Administrator field
and the "112" is the Local Administrator field) and prefix

2001: DB8::2:1/128 with a Session Address EC "2001:DB8::3:1":120. |If
it al so uses another | oopback address 2001: DB8: 3: 101/ 128 for ot her
BGP sessions, then the routes will additionally carry Session Address
EC "2001: DB8: : 3: 101": 112 and "2001: DB8::3:101": 120 respectively.

Thi s achi eves what the Address List TLV in LDP Address Messages

achi eves, and can al so be used to indicate that a router supports the
BGP mul ticast signaling procedures specified in this docunent.
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Only those interface addresses that will be used as resol ved RPF
nexthops in the RIB need to be advertised with the Sessi on Address
EC. For exanple, the RPF | ookup may say that the resol ved nexthop
address is Al, so the router needs to find out the correspondi ng BGP
speaker with address Al through the (interface address, session
address) napping built according to the interface address NLRI with
the Session Address EC. For conparison, in LDP this is done via the
(interface address, session address) mapping that is built by the LDP
Addr ess Messages.

2.1.6. Milticast RPF Address Extended Conmunity

This is an P or 1 Pv6 Address Specific ECwith the dobal Admin Field
set to the address of the upstream RBR and the Local Admin Field set
to O.

2.1.7. Topol ogy/ | PA Ext ended Comunity

This is a Transitive Opaque Extended Community with the follow ng
format:

0 1 2 3
01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| 0x03 | Sub- Type | Reserved |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| | PA | MT-1D |

i S S T i S S e e T A it Sui DU S R

IPAis the Flexible Algorithmnunber and MI-ID is the Milti-Topol ogy
Identifier to be used for setting a nulticast tree. The usage of
this ECis described in Section 1.3.8.

2.2. Procedures
2.2.1. Source Discovery for ASM

When an FHR first receives a nulticast packet addressed to an ASM
group, it originates a Source Active route.

The FHRs wi thdraw the Source Active route after a certain anount of
time since it last received a packet of an (S, G flow. The amount of
time to wait is a local natter.

The SA routes carry an I Pv4 or | Pv6 address specific Route Target.
The d obal Administrator field is set to the group address of the
flow, and the Local Adm nistrator field is set to O or a pre-assigned
domai n-wi de uni que value that identifies a VPN
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When an LHR needs to join an ASM group (e.g., as the result of
receiving a (*,G 1GW/ M.D join), it advertises a Route Target
Menbership route, with the Route Target field in the NLR set
according to the group, as how an FHR encodes the Route Target inits
Source Active routes. The propagation of the SA routes is subject to
cooperative export filtering as specified in [ RFC4684] and referred
to as Route Target Constrain (RTC) nechanismin this docunment. Wth
that, the LHR only receives Source Active routes for groups that it
is interested in.

Upon the receiving of the Source Active A-D routes, the LHR
originates Leaf A-D routes as described below, as long as it still
needs to receive traffic for the flows (i.e., the correspondi ng | GwW/
M.D menbership exists or join from downstream Pl M BGP nei ghbor

exi sts).

2.2.2. Oiginating Tree Join Routes
2.2.2.1. (x,G Milticast Tree

VWhen a router needs to join a particular (S, G tree, it determ nes
the RPF next hop address wt the source, followi ng the same RPF
procedures as defined for PIM It further finds the BGP router that
adverti sed the nexthop address as one of its |ocal addresses.

If the RPF nei ghbor supports MCAST-TREE SAFI, this router originates
a Leaf A-Droute. Although it is unsolicited, it is constructed as
if there was a corresponding S-PMSI A-D route. The Upstream Router’s
I P Address field is set to the RPF neighbor’s session address (Il earnt
via the EC attached to the host route for the RPF nexthop address).
An Address Specific RT corresponding to the session address is
attached to the route, with the obal Adnmnistrative Field set to
the session address and the |ocal administrative field set to 0 or a
pre-assi gned donai n-wi de uni que value that identifies a VPN. The
route is advertised the route to the RPF neighbor (in the case of
EBGP or hop-by-hop IBGP), or to one or nore RRs.

Simlarly, when a router learns that it needs to join a bi-
directional tree for a particular group, it determ nes the RPF

nei ghbor wt the RPA. |If the nei ghbor supports MCAST- TREE SAFI, it
originates a Leaf A-D Route.
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As the Leaf A-Droute is originated, the router sets up the
correspondi ng forwardi ng state such that the expected i ncom ng
interface list includes all non-LAN interfaces directly connecting to
the upstream nei ghbor. LAN interfaces are added upon receiving
corresponding S-PMSl A-D route (Section 2.2.5.2). |If the upstream
nei ghbor is not directly connected, a corresponding S-PMSI A-D route
advertised by the upstreamrouter is used to determ ne the tunne

used to receive traffic, as described in Section 1.3.6.2

When t he upstream nei ghbor changes, the previously advertised Leaf
A-Droute is withdrawmm. |f there is a new upstream nei ghbor, a new
Leaf A-Droute is originated, corresponding to the new nei ghbor
Because NLRIs are different for the old and new Leaf A-D routes,
make- bef ore-break as well as Miulticast Only Fast ReRroute (MFRR)

[ RFC7431] can be achi eved.

2.2.2.2. BGP Inband Signaling for nLDP Tunne

The sane nlDP procedures as defined in [RFC6388] are foll owed, except
that where a | abel mapping nessage is sent in [RFC6388], a Leaf A-D
route is sent if the upstream nei ghbor supports BGP based signaling.

2.2.3. Receiving Tree Join Routes

A router (auto-)configures Inport RTs matching itself so that it can
import tree join routes fromtheir peers. Note that in this
docunent, tree join routes are Leaf A-D routes.

When a router receives a tree join route and inports it, it
determines if it needs to originate its own correspondi ng route and
advertise further upstreamwt the source/ RPA or nLDP tunnel root.
If this router is the FHR or is on the RPL for a bidrectional group,
or is the tunnel root, then it does not need to. O herw se, the
procedures in Section 2.2.2 are foll owed.

Additionally, the router sets up its corresponding forwarding state
such that traffic will be sent to the downstream nei ghbor, and
recei ved fromthe downstream nei ghbor in the case of bidirectiona
tree/tunnel. If the downstream nei ghbor is not directly connected,
the tunnel announced in a corresponding S-PMSI route is used, as
described in Section 1.3.6.2.
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2.2.4. Wthdrawal of Tree Join Routes

For a particular tree or tunnel, if a downstream nei ghbor w thdraws
its Leaf A-D route, the neighbor is renpbved fromthe correspondi ng
forwarding state. |If all downstream nei ghbors withdraw their tree

join routes and this router no | onger has local receivers, it
withdraws the tree join routes that it previously originated.

As nentioned earlier, when the upstream nei ghbor changes, the
previously advertised Leaf A-Droute is also withdrawn. The
correspondi ng inconming interfaces are also renoved fromthe
correspondi ng forwardi ng state.

2.2.5. LAN procedures for (x,G Unidirectional Tree

For a unidirectional (x,G nulticast tree, if there is a LAN
interface connecting to the downstream nei ghbor, it MAY be preferred
over non-LAN interfaces, but an S-PVMSI A-D route MJST be ori gi nated
to facilitate the anal og of the Assert process (Section 2.2.5.1).

2.2.5.1. Oiginating S-PVsl A-D Routes

If this router chooses to use a LAN interface to send traffic to its
nei ghbors for a particular (S,§ or (*,Q flow, it MJST announce that
by originating a corresponding S-PMSI A-D route that does not include
a PTA. The LAN interface is identified by an |IP address specific RT,
with the G obal Administrative Field set to the LAN interface’s
address prefix and the Local Administrative Field set to the prefix

Il ength. The RT al so serves the purpose of restricting the inporting
of the route by all routers on the LAN. An operator MJST ensure that
RTs encoded as above are not used for other purposes. Practically
that shoul d not be unreasonabl e.

If multiple LAN interfaces are to be used (to reach different sets of
nei ghbors), then the route will include nmultiple RTs, one for each
used LAN interface as descri bed above.

2.2.5.2. Receiving S-PMSI A-D Routes

A router (auto-)configures an Inport RT for each of its LAN
interfaces over which BGP is used for nulticast signaling. The
construction of the RT is described in the previous section.

VWhen a router Rl inports an S-PMSI A-D route for flow (x,§ from
router R2, Rl checks to see if it also originats an S-PMSI A-D route
with the sane NLRI except the Upstream Router’s | P Address field.
When a router Rl originates an S-PMsl A-D route, it checks to see if
it also has installed an S-PMSI A-D route, fromsone other router R2,
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with the sane NLRI except the Upstream Router’s |IP Address field. In
either case, Rl checks to see if the two routes have an RT in conmbn
and the RT is encoded as in Section 2.2.5.1. |If so, then there is a

LAN attached to both Rl and R2, and both routers are prepared to send
(S, traffic onto that LAN. This kicks off the assert procedure to
elect a winner - the one with the highest Upstream Router’s |IP
Address in the NLRI wins. An assert loser will not include the
corresponding LAN interface in its outgoing interface list, but it
keeps the S-PMSI A-D route that it originates.

If this router does not have a matching S-PMSI route of its own with
some common RTs, and the originator of the received S-PMSI route is a
chosen upstream nei ghbor for the corresponding flow, then this router
updates its forwarding state to include the LAN interface in the
incomng interface list. Wen the last S-PMSl route with a RT

mat ching the LANis withdrawn later, the LAN interface is renoved
fromthe incomng interface list.

Note that a downstreamrouter on the LAN does not participate in the

assert procedure. It adds/keeps the LAN interface in the expected
incomng interfaces as long as its chosen upstream peer origi nates
the S-PMSI AD route. |t does not switch to the assert winner as its

upstream An assert | oser MAY keep sending joins upstream based on
local policy even if it has no other downstream nei ghbors (this could
be used for fast switchover in case the assert wi nner fails).

If this router receives an S-PM5I A-D route fromits upstream

nei ghbor with multiple RTs for the LANs that this router is on, it
MUST sel ect only one of the LAN interfaces to receive traffic. Wich
LAN interface is selected is a | ocal decision.

2.2.6. Distributing Label for Upstream Traffic for Bidirectional Tree/
Tunnel

For MP2MP nlDP tunnels or |abeled (*,G bidirectional trees, an

upstreamrouter needs to advertise a label to all its downstream
nei ghbors so that the downstream nei ghbors can send traffic to
itsel f.

For MP2MP nlDP tunnels, the sanme procedures for nlLDP are foll owed
except that instead of MP2MP-U Label WMapping nessages, S-PMBI A-D
Routes for mLDP are used.

For labeled (*,G bidirectional trees, for a Leaf A-D route received

froma downstream nei ghbor, a corresponding S-PMsSl A-D route is sent
back to the downstream router.
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In both cases, a single S-PMSI A-Droute is originated for each tree
fromthis router, but with nultiple RTs (one for each downstream

nei ghbor on the tree). A TEA specifies a |abel allocated by the
upstreamrouter for its downstream nei ghbors to send traffic with.
Note that this is still a "downstream all ocated" |abel (the upstream
router is "downstreanmt fromtraffic direction point of view.

The S-PMSI routes do not carry a PTA, unless a tunnel is used to
reach downstream nei ghbors as described in Section 1.3.6.2.

3. | ANA Consi derations
I ANA has assigned BGP SAFI value 78 for the MCAST- TREE SAFI .

Thi s docunent requests IANA to create a new "BGP MCAST- TREE Route
Types" registry, referencing this docunment. The following initial
val ues are defi ned:

0~2 - Reserved

3 - S-Pvsl A-D Route for (x,Q

4 - Leaf A-D Route

5 - Source Active A-D Route
0x43 - S-Pwvsl A-D Route for nlLDP
Thi s docunent requests I ANA to assign two Sub-type val ues from
Transitive | Pv4- Address- Specific Extended Community Sub-types
Regi stry for Session Address EC and Miulticast RPF Address EC
respectively.

Thi s docunent requests | ANA to assign two Sub- Type val ues from
Transitive | Pv6- Address- Specific Extended Community Types Registry
for Session Address EC and Multicast RPF Address EC respectively.

Thi s docunent requests | ANA to assign one Sub-Type val ue from
Transitive Opaque Extended Community Types Registry for the Topol ogy/
| PA EC.

4. Security Considerations

Thi s docunent shares many of the mechani sns and concepts of MPN and,
accordingly, can reuse many of the security considerations described
in RFC6513 and RFC6514, though the distinctions made on PE-CE |inks
and rel ationships in those docunents are not rel evant.

Thi s docunent describes interworking with several nulticast control
protocols, including PPMSM PIMSSM PIMBidir, nLDP and | GvWP/ M.D.
Security considerations specified for those protocols are applicable
to this document.
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6.

6.

1.

I mpl enent ati ons shoul d include Milticast Danping procedures specified
in RFC7899 to protect the control plane from excessive churn due to
mul ticast dynamicity. |Inplenentations should al so include the
ability torate-limt join state creation on a per-peer and per-RI B
basis, as well as rate-limt Source Active A-D route propagation on a
per-source, per-peer and per-RI B basis to configurabl e threshol ds.
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