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Abst ract

Thi s docunent presents solutions for deploying rmulticast in SRv6
networks. It explores the use of the native IPv6 multicast data

pl ane for nulticast distribution. The docunent discusses distributed
control plane nechanisns, including PIM and its integration with | GP
Fl ex-Algo to optimze nulticast delivery. The docunent also
addresses overlay multicast solutions for both the d obal

Table Multicast (GTM and Miulticast VPNs (MVPNs), utilizing IP-in-

| Pv6 encapsul ation w thout requiring additional shimlayers.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi mum of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."
This Internet-Draft will expire on 7 January 2026.
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1. I nt roduction

Segnent Routing, as defined in [RFC8402], is a source-routing

paradi gmthat sinplifies network operati ons and enhances scal ability.
Segnent routing is defined for unicast. The application of the
source-route concept to Miulticast is declared out-of-scope in

[ RFC8402] .

Since multicast distribution is orthogonal to segnent routing,
classic multicast solutions are | everaged to provide nulticast
services in a segnent routing network. In SR MPLS networks,
operators traditionally | everaged solutions based on | Pv4 or MPLS
data planes for nmulticast distribution, as both data pl anes were
avai l abl e in these networks.

However, with the advent of SRv6, network use a unifying | Pv6 data
pl ane end-to-end, replacing the need for MPLS or IPv4. Wile
mgrating the networks to SRv6, multicast services can still use the
MPLS or | Pv4 data pl anes, as ships-in-the-night. But the target is
an | Pv6-only SRv6 networKk.
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Thi s docunent focuses on deploying nulticast in |IPv6-only networks
and describes possible solutions. Key Topics Addressed:

* Leveraging IPv6’ s native nmulticast capabilities for SRv6 networKks.
* Distributed and centralized control planes for nulticast.
* Overlay solutions for supporting rmulticast in |IPv6-only networks.

2. Term nol ogy
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]

* PIM Protocol |ndependent Milticast

* PIMSM PIM Sparse Mde

* PIMSSM PIM Source Specific Milticast

*  MPN Milticast Virtual Private Network

* MBGP: Multi-protocol Border Gateway Protoco

* |1 GW: Internet G oup Management Protocol

* MD. Milticast Listener Discovery

* |-PMsSl : Inclusive P-Miulticast Service Interface
* S-PMSl: Selective P-Miulticast Service Interface

* P(S, G : Milticast flow (S, G in provider network
* (S, G : Milticast flow (S, G in custonmer network

* Al the term nology from[RFC6514] is also applicable in this
draft.

3. 1Pv6 Data pl ane

Segnment Routing over |Pv6 mcro-segnents (SRv6 uSI D) enabl es end-to-
end service delivery across domains using the I Pv6 protocol without
additional shimlayers or gateways. This nmakes the |IPv6 protocol
fully self-sufficient for unicast services. And its built-in

mul ticast capabilities nakes | Pv6 al so self-sufficient for nulticast
di stribution.
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3.

3.

4.

4.

1. Milticast forwarding state

To forward nulticast packets, nulticast forwarding state nust be set
up on the nodes in the nulticast distribution trees. A typical |Pv6
mul ticast route conprises:

* (Source Address, Group Address) or (S, Q
- ldentifying the distribution tree

- Source (S): The I Pv6 address of the stream ng device, which can
al so be * (any source)

- Goup (@: The multicast |1 Pv6 group address

* |Incomng interface : The interface receiving the multicast
packets, also known as the Reverse Path Forwarding (RPF) interface

* Downstreaminterfaces : The set of interfaces where the nmulticast
packets will be forwarded

2. Route instantiation

Li ke 1 Pv6 unicast routes, IPv6 multicast routes can be instantiated
dynani cal ly through control plane protocols (e.g., PIM or north-
bound API's. This docunment focuses only on PIMinstantiated multicast
forwarding state and conplinentary document will cover north bound
APl route instantiation.

Di stri buted Control Pl ane
1. PIMSM

Prot ocol | ndependent Multicast Sparse Mode (PIMSM [RFC7761] is the
nmost common nul ticast routing protocol, supporting both Any Source
Mul ticast (ASM and Source-Specific Milticast (SSM.

PIM SM builds multicast distribution trees by |everagi ng the RPF
interface derived fromunicast routing tables. PIMSSMis a subset
of PIMSMthat does not use the Rendezvous Points (RPs) but instead
requires that receivers know the (source, group) pair and signal that
explicitly. Most current routing platforns support PIM SM

As its name inplies, PIMis independent of the underlying unicast
routing protocol and | everages the unicast routing tables to
establish the nulticast trees. It builds a distribution tree by
joining the tree via the RPF interface, which is the interface that
woul d be used to reach the source via unicast routing.
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For a detailed introduction to PIMSM and PIMSSM refer to Sections
3 and 4.8 of [RFC7761].

4.2. PIMSMw th Fl ex-Al go

By default, a nulticast source advertised in the IGP is reachable via
the 1 GP shortest-path (SPT algorithm Q). Therefore, by default, the
distribution tree follows the | GP shortest-path tree.

Fl ex- Al go ([ RFC9350], [RFC9502]) enabl es using custom zed al gorithns
to conpute | GP shortest paths. Wen a nulticast source (Sl1) is
advertised with a specific Flex-Algo (e.g., FA128), PIM SM builds the
distribution trees rooted at S1 along the shortest paths defined by
the Fl ex-Al go FA128. This effectively traffic-engineers the path of
the multicast packets streamed by Sl.

In an exanpl e use case, an operator uses FA128 to optim ze the m n-
delay link metrics, providing | owdelay paths. The multicast
distribution trees using FA128 provide | owdel ay distribution,
inmproving real -tine applications |ike video streaning.

5. Centralized Control plane

Certain nmulticast use cases require explicit control over
distribution trees, beyond what is possible with PIM conbined with
Fl ex- Al go. Very specific or conplex traffic-engineered distribution
trees may not be practical or possible using PIM Dynam c
distributed protocols may be undesirable in a network where strict
determinismis required. O the network operator wants to avoid the
Pl M prot ocol nechani sns (such as nmessages and RPF sel ection).

In these scenarios, a centralized controller can conmpute and
instantiate nulticast forwarding entries on the routers in the
distribution trees. The controller nmaintains the I Pv6 multicast
forwarding entries and updates them when needed, e.g., following a
topol ogy change. These forwarding entries are explicitly
instantiated native IPv6 nulticast forwarding entries. They can be
statically configured by the operator like static unicast routes or
explicitly instantiated by a controller via a north-bound API

The benefits of centralized control are that it enabl es conpl ex
traffic-engineered nulticast trees and it renoves the dependence on
PI M prot ocol nechani sns.

On the data plane this solution still uses the well-know native | Pv6
mul ticast forwarding entries.
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The explicitly instantiated distribution trees and Pl Mcreated trees
can coexist in the network by using different multicast sources and
groups for both nechani sns.

6. Virtualization and Overlay Sol utions

Legacy | Pv4 nulticast inplenentations are often difficult or

i mpossible to mgrate to I Pv6. Some services require nulticast (IPv4d
or IPv6) within a VPN, necessitating an overlay solution. These
solutions |l everage the native IPv6 nulticast underlay by

encapsul ating the overlay IP multicast packets in |Pv6 using | P-in-

| Pv6 encapsul ation without internediate shiml ayers.

The native |Pv6 underlay transport distribution trees can be
est abl i shed using any of the nmechanisns described in sections 6 and
7

To deploy overlay |IP rmulticast services in an |Pv6-only network,

exi sting solutions are used. There are no SRv6-specific requirenents
for these solutions. These solutions enable transporting overlay IP
mul ticast (1Pv4 and IPv6), in a Gobal Table Miulticast (GITM or MPN
context, over an |IPv6-only network, encapsul ated as |P-in-I|Pv6.

As existing native | Pv6 capabilities are | everaged, there are no SRv6
specific procedures for this solution

Specifically, the followng RFCs are relevant in this context:

* [ RFC6513] specifies the architecture for Miulticast Virtual Private
Net works (MVPNs) in MPLS/BGP I P VPN environnments. Wiile it
includes MPLS in its title, it also provides significant details
relevant to IP-only solutions for MVPNs. The docunent descri bes
how mul ticast traffic is transported over VPNs, how control plane
signaling establishes the nulticast forwarding paths, and the
encapsul ati on nechani sns for data plane traffic.

* [ RFC6514] defines the specific BGP encodi ngs and procedures for
signaling multicast routing information in MVPNs as specified in
[ RFC6513] .

* [ RFC6515] updates [RFC6514] to ensure that service providers can
use either I Pv4 or | Pv6 addresses for internal infrastructure
(e.g., PE-to-PE or PE-to-P router conmunication) in the context of
multicast VPNs. This is particularly relevant in |Pv6-only
transport networKks.
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RFC 7716 extends the MVPN procedures defined in [ RFC6514] to
support d obal Table Multicast (GITM, i.e., multicast routing in
the global routing table rather than within the context of VPNs.
This is particularly relevant in IPv6-only networks that require
I Pv4 nulticast services w thout using VPNs.

updat es when the next hop is an | Pv6 address. This is
particularly relevant for enabling IPv4 routing in I Pv6-only
net wor ks.

As an example, the followi ng solution could be used to provide an
MVPN service in an SRv6 network. Note that other solutions nmay
equal Iy be possi bl e.

The native IPv6 nmulticast provider distribution trees (P-Milticast
Service Interfaces (PMSIs) or P-tunnels) are build using Pl MSSM
signaling the PMSI A-D routes in MP-BGP. PIMis used to signa

mul ticast participation between CE and PE. MP-BGP is used to signa
the customer nulticast routes between the WPN PEs. The overl ay
customer nulticast packets are transported over the network using |IP-
in-1Pv6 encapsul ation, traversing the underlay PMSI distribution
trees.

Data plane IP in I P Encapsul ati ons

IPin IP encapsulation is used when sending I Pv4 nulticast traffic
though provider nulticast tree. The follow ng di agram shows the
progressi on of the packet as it enters and | eaves the service
provi der networKk.

Packet Recei ved Packet in Transit
d
at I ngress PE in the service
provi der network
P +
| P-1Pv6 Header |
o e e e o + o e e e e e oo - + +
--+
| C-1 Pv4 header | | C- | Pv4 Header |
ro|
o e e e e e e ea - +  SSSSSSS S>> - - mm e e e e e e oo oo + SOSSSS55>>5>> +
- -+
| C- Payl oad C- Payl oad
I
o e + o e e + +
-
The “Next Header” field in the P-1P |IPv6 Header MJST be set to 4
Since the G- IP header is an | Pv4 header
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Packet Received Packet in Transit Packet forwarde
d
at I ngress PE in the service by egress PEs
provi der network

Fom e e e e e oo s +

| P-1Pv6 Header |
o e e e oo + S + o
--+
| C- 1 Pv6 header | | C-1 Pv6 Header | C- 1 Pv6 heade
ro
o e e o s +  SOSSSSOOD> - - - mmm e e meo oo + SOSSSSSSSSS> - - mmm - mme oo
--+
| C- Payl oad C- Payl oad C- Payl oad

I

o e e e e oo oo - + o e e e e e e oo - + R
- -+

The “Next Header” field in the P-1P |IPv6 Header MJST be set to 41
Since the G- IP header is an | Pv6 header.

8. | ANA Consi derations
I nformational draft and nothing required from | ANA
9. Security Considerations

There is no new security issue inposed by this draft on top of
[ RFC8950], [RFC6513]. |[RFC6514], [RFC6515], [RFC7761].
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