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Abstract

Wth Segnent Routing (SR) architecture, a unicast flow can be source-
routed through an SR network following an explicit path specified in
the packet, wo the need for per-flow state in the network. As a
result, the otherw se needed protocols to signal the per-flow unicast
state can al so be remobved fromthe network. In the case of

mul ticast, traffic can be either source-routed or non-source-routed,
and t his docunent discusses non-sourced-routed options for multicast
in an SR network with either MPLS or | Pv6/SRv6 data plane.
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1. Introduction

Wth Segnent Routing (SR) architecture [ RFC8402], a unicast flow can
be source-routed through an SR network following an explicit path
specified in the packet, without the need for per-flow state in the
network. As a result, the otherw se needed protocols to signal the
per-flow uni cast state can also be renoved fromthe network. This
"no per-flow state" is the nunber one principle of SR and the
optional use of controllers is another characteristic of SR

Thi s docunent summari zes options for non-source-routed nulticast in
an SR network, including traditional nulticast technol ogies, BIER
and various SR specific solutions. The pros and cons of each
solution are listed for considerations by operators and vendors, with
regard to the principle and characteristic of SR as mentioned above.

Source-routed multicast can be done with Bl ER-TE [ RFC9262], and, in
the case of SRv6 network it has been discussed in | ETF
[https://datatracker.ietf.org/doc/bofreq-1iu-multicast-source-
routing-over-ipvénsr6/] and sone work is ongoing. However, that is
out side the scope of this docunent.

As discussed in [I-D.zzhang-pi mnul ti cast-scal i ng-considerations],

end-to-end nulticast is best via IP nmulticast trees, though they
could be transported over sonme (underlay) tunnels. |In that regard,

Zhang, et al. Expi res 25 October 2025 [ Page 2]



I nternet-Draft NSR- mul ti cast April 2025

when we tal k about nulticast in SR networks, we refer to the

mul ticast in the underlay SR network - whether it is for underlay
tunnel s transporting overlay nulticast (e.g., [RFC6513]), or for end-
to-end IP nmulticast directly through (vs. over) the SR network.

2. Traditional Milticast Technol ogi es

Traditional multicast technol ogies include PIM[RFC7761], RSVP-TE
P2MP [ RFC4875], and nlDP [RFC6388]. They all require per-tree state
on nodes on the tree, and the corresponding protocols to signal and
mai ntain the state. An incom ng packet’s | P header or MPLS | abel is
| ooked up, and the packet is forwarded according to the matched

st ate.

VWhile SR allows sinplification of state, protocols and centralized
SDN-control, the traditional nethods of delivering nulticast traffic
run contrary to those SR goal s.

An alternative is Ingress Replication (IR) - an upstream node of a
mul ti cast packet tunnels individual copies to some downstream nodes
across sone internedi ate nodes. In an SR network, the unicast
tunnel s used for IR could be traditional | P/ MPLS tunnels or could be
SR tunnels (referred to as SR policies), which could be MPLS/

SRv6- based.

VWhile with IRthere is no per-tree state on those internedi ate nodes,
mul tiple copies of the sane packet may be sent over the same |ink

If efficient replication is required, PIMnLDP/ RSVP-TE P2MP can stil
be used for nmulticast even in an SR network. Deploying SR in the

net wor k does not mandate changing the solution that is in place for
Mul ti cast.

Wil e nLDP uses the same LDP Session (and protocol packet encodi ng)
as used by unicast and there is code sharing between LDP and nlDP
with regards to nei ghbor discovery, session setup and Label

al | ocati on managenent, the protocol logic for setting up nLDP tunne
is conpletely different. It is understood that there is a desire to
renove LDP fromthe network when SR is depl oyed, but there is really
no problemto continue to run nLDP for Milticast. [RFC7473]
docunents a solution where LDP can be run in nlLDP-Only node by sinply
not exchangi ng any Uni cast bi ndi ngs.

Simlarly, RSVP-TE P2MP tunnel setup is orthogonal from P2P tunne

setup as well. It can be used for nulticast even in an SR network if
bandwi dth reservation and/or per-tunnel explicit path are required.
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3.

Bit Index Explicit Replication

Bit Index Explicit Replication (BIER) [RFC3279] is a new nulticast
technol ogy that achieves efficient replication as with PIMtree or
mLDP/ RSVP- TE P2MP tunnel s but without requiring per-tree/tunnel state
in the transit nodes as with IR

Even though BIER i s designed and devel oped i ndependently of SR, it is
a perfect fit for an SR network because it shares with SR the nunber
one principle of "no per-flow state". A BIER donain can be used as
provi der/underlay tunnels for MVPN EVPN-BUM (just like traditiona
PIMtree or nLDP/ RSVP P2MP tunnel s), or can be part of end-to-end PIM
trees [I-D.ietf-bier-pimsignaling] (sinmlar to nLDP inband signaling
[ RFC6826] ) .

However, BIER uses a new forwardi ng pl ane that cannot be inpl enented
on many depl oyed routers. On the other hand, the entry point barrier
is decreasing and BIER is beconming nore realistic with the follow ng
devel opnent s:

* Several major ASIC nakers have BI ER support on their ASIC
of feri ng.

* Several Mjor router vendors have Bl ER hardware capability across
their access/aggregation/edge/core platforns.

* Some mmj or router vendors have had or will soon have interoperable
production support of BIER on certain platfornms. Roadmaps for
BIER on nore platfornms al so exist.

* There have been very good di scussions and progress in Bl ER WG for
met hods of brown field depl oyments (
[1-D. przygi enda-bier-nmgration-options] [I-D.ietf-bier-tether]
[I-D.ietf-bier-nmulticast-as-a-service] [|-D.ietf-bier-php])

* More and nore custoners now have concrete plans and requirenents
for BIER deploynment in their networks

Mul ticast Trees Set up by O her Means

Sone operators nay accept that they need to maintain per-tree state
intheir SR network for efficient nmulticast, and their applications
do not require too nuch per-tree nmulticast state. However, since
uni cast no | onger needs LDP or RSVP-TE protocol in an SR network,
they really want to renmove Pl M LDP/ RSVP-TE protocol fromtheir

net wor ks, and make use of controllers. |In that case, the multicast
trees could be set up statically from managenent plane (e.g.,
netconf), or dynamcally via BGP/ PCEP [|-D.ietf-bess-bgp-multicast]
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[1-D.ietf-bess-bgp-multicast-controller]
[I-Dietf-idr-sr-p2mp-policy] [I-D.ietf-pce-sr-p2np-policy].

5. SR Specific Solutions

There are two nulticast solutions that are specifically tied to SR
technol ogi es - "SR-P2MP" and " Spray".

1. SR-P2MP refers to trees setup not by niDP or RSVP-TE. It could
be statically configured, or instantiated froma controller, as
described in [I-D.ietf-pimsr-p2np-policy]. It uses Replication
Segnents specified in [ RFC9524], which describe the replication
states on the tree nodes.

2. Spray is Ingress Replication with SRv6. Instead of regular IP/
MPLS tunneling, an SRv6 header encodes the "tunnel end" and the
original destination multicast address. Wen the packet arrives
at the tunnel end, the original nulticast address is restored
fromthe SRv6 header

The above methods are really no different fromexisting technol ogies.
Spray is just IRwith a different encapsulation (e.g. SRv6). Wile
SR- P2MP does not use existing tree signaling protocol, it stil
requires per-tree forwarding state on the tree nodes (roots, |eaves
and branching points), and it is identical to nLDP/RSVP P2MP tunnel s
in the MPLS data pl ane on those tree nodes. |In other words, SR P2MP
does not follow the nunber one principle of SR after all.

mL.DP/ PIM trees are typically hop-by-hop - the tree nodes are directly
connected, though tunnels can be used between niLDP, PIM and SR-P2MP
tree nodes to avoid tree states on the non-branchi ng nodes between
tree nodes. This is inmportant in some depl oynent scenarios (e.g.,
mobi | e user plane transport) where the replication points are
scattered with many non-replication points anong them

SR- P2MP can use both MPLS and SRv6 data plane. The next section
di scusses sone SRv6 aspects of SR-P2MP

6. | Pv6 Consi derations

Sone operators run | Pv6/ SRv6 networks without using MPLS at all. As
a result, Ingress Replication or SR-P2MP with MPLS data plane is not
an option and | Pv6 based forwarding nust be used. There are two
options in this case - traditional IPv6 nulticast (signaled by either
PIMor BGP [I-D.ietf-bess-bgp-multicast]
[1-D.ietf-bess-bgp-multicast-controller]) and SRv6-P2MP (SR-P2MP with
SRv6 data pl ane).

Zhang, et al. Expi res 25 October 2025 [ Page 5]



I nternet-Draft NSR- mul ti cast April 2025

SR-P2MP with MPLS data plane (SRmpl s-P2MP) is identical to nlDP/ RSVP-
P2MP in the data plane of the tree nodes, in that incomng multicast
traffic carries a tree-identifying | abel and is replicated with

out goi ng | abel stacks. The |abel stack includes a | abel that
identifies the tree to the downstream node, and optional |abels that
| eads the traffic to the downstream node

SRv6- P2MP is very simlar to SRmpls-P2MP in the data pl ane.

Multicast traffic has an | Pv6 header and the destinati on address has
the LOC. FUNCT: ARGS encoding format for SRv6 [ RFC8986]. The FUNCT
bits correspond to the tree-identifying label in SRnpls-P2MP, and the
LOC bits get the traffic froman upstream node to a downstream node
(which could be directly or indirectly connected).

SRv6- P2MP al | ows native tunneling of nulticast traffic between
indirectly connected upstream and downstream nodes, but at the cost
of changi ng destination address at each tree node, which requires

ei ther programabl e ASI C or new generation of non-progranmable ASIC
It also requires a new control plane that involves controller-based
cal culation and signaling of the tree state.

On the other hand, traditional |IPv6 multicast is mature in both
control plane and data plane. PIM has been w dely depl oyed for nmany
years without platformrestrictions, and the Pl M SSM protocol is very
straightforward w thout the conplexity of Pl M ASM

Even if an operator wants to use controller based cal cul ati on and
signaling, or does not want to run PIM protocol, traditiona

mul ticast can still be used with BGP/controll er-based signaling as
specified in [I-D.ietf-bess-bgp-nulticast] and
[1-D.ietf-bess-bgp-multicast-controller].

7. Sunmmary

There is no one-for-all option when it conmes to nulticast in an SR
networ k. Dependi ng on specific depl oynent scenarios and
requirenents, the follow ng could be considered in order when source-
routing i s not used:

* |f nost of nodes can support it, BIER is the best choice, because
it renmoves state fromthe network and sinplifies the control-pl ane
(l'i ke SR does).

* |If efficient nulticast replication is required, nmDP/ RSVP-TE Pl M
can still be used for nulticast purpose if that is acceptable.
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10.

* |f the replication points are scattered with many non-replication
poi nts between them or if there is a strong desire to create
mul ticast forwarding state without relying on Pl M nDP or RSVP-TE,
one can use static configuration (e.g., netconf based
provi sioning) or controller-based tree cal cul ation/signaling (SR
P2MP, BGP-signaled IP nmulticast or nLDP).

* Use Ingress Replication with SR unicast tunnels.

In case of MPLS based P2MP, a Binding SID could be optionally used to
direct traffic to the root of the tunnel.

Security Considerations
This informational document does not introduce new security risks.
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