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Abstract

Et hernet Virtual Private Network (EVPN) solution is becomn ng
pervasive for Network Virtualization Overlay (NVO services in data
center (DC), Enterprise networks as well as in service provider (SP)
net wor ks.

As service providers transformtheir networks in their Central
Ofices (CCs) towards the next generation data center with Software
Def i ned Networking (SDN) based fabric and Network Function
Virtualization (NFV), they want to be able to maintain their offered
services including Miulticast VPN (M/PN) service between their

exi sting network and their new Service Provider Data Center (SPDC)
network seam essly without the use of gateway devices. They want to
have such seanl ess interoperability between their new SPDCs and their
exi sting networks for a) reducing cost, b) having optinmm forwardi ng,
and c) reducing provisioning. This docunment describes a unified

sol ution based on RFCs 6513 & 6514 for seam ess interoperability of
Mul ticast VPN between EVPN and MWPN PEs. Furthernore, it describes
how t he proposed solution can be used as a routed nulticast solution
in data centers with only EVPN PEs.

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 documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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1. Introduction

Et hernet Virtual Private Network (EVPN) solution is becom ng
pervasive for Network Virtualization Overlay (NVO services in data
center (DC) and Enterprise networks as well as the next generation
VPN services in service provider (SP) networks

As service providers transformtheir networks in their Central
Ofices (CCs) towards the next generation data center with Software
Def i ned Networking (SDN) based fabric and Network Function
Virtualization (NFV), they want to be able to maintain their offered
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services including Miulticast VPN (MVPN) service specified in

[ RFC6513] & [ RFC6514] between their existing network and their new
SPDC networ k seam essly wi thout the use of gateway devices. There
are several reasons for having such seam ess interoperability between
their new DCs and their existing networks

- Lower Cost: Gateway devices need to have very high scalability to
handl e VPN services for their DCs and as such need to handle |arge
nunber of VPN instances (in tens or hundreds of thousands) and very
| arge nunber of routes (e.g., in tens of mllions). For the sane
speed and feed, these high scal e gateway boxes are relatively mnuch
nmor e expensive than the edge devices (e.g., PEs and TORs) that
support a much | ower number of routes and VPN instances.

- Optinum Forwarding: In a given Central Ofice(CO, both EVPN PEs
and MVPN PEs can be connected to the sane fabric/network (e.g., sane
Interior Gateway Protocol (1 GP) donain). In such scenarios, the
service providers want to have optinmum forwardi ng anong these PE
devi ces without the use of gateway devices. |[|f gateway devices are
used, then the IP nmulticast traffic between an EVPN and MVPN PEs can
no | onger be optinumand in sone cases, it nmay even get tronboned.
Furt hernore, when an SPDC network spans across nultiple LATA

(mul tipl e geographi c areas) and gateways are used between EVPN and
MVPN PEs, then with respect to IP nulticast traffic, only one GWcan
be designated forwarder (DF) between EVPN and MVPN PEs. Such
scenarios not only result in non- optinmmforwarding but also it can
result in the tronboning of IP nmulticast traffic between the two
LATAs when both source and destination PEs are in the sane LATA and
the DF gateway is elected to be in a different LATA

- Less Provisioning: If gateways are used, then the operator needs to
configure per-tenant info on the gateways. |In other words, for each
tenant that is configured, one (or maybe two) additional touchpoints
are needed.

I n datacenter deploynents, inter-subnet nulticast traffic within an
EVPN based fabric/data center is unoptinized. Wen there are
multiple receivers in different broadcast domains of the sane tenant
system a router attached to an EVPN PE would send nultiple copies
into the EVPN fabric resulting in bandwi dth wastage. [RFC9135] only
covers procedures for efficient inter-subnet connectivity anong these
Tenant Systens and End Devices while naintaining the nultihom ng
capabilities of EVPN only for unicast traffic. There is a need to
support efficient inter-subnet nmulticast forwarding within the data
center.
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Thi s docunent describes a unified solution based on [ RFC6513] and

[ RFC6514] for seamess interoperability of multicast VPN between EVPN
and MVPN PEs. Furthernore, it describes how the proposed solution
can be used as a routed nulticast solution in data centers with only
EVPN PEs (e.g., routed nulticast VPN only anong EVPN PES) to do

optim zed nulticast forwarding.

The docurent is organi zed such that seamnl ess interop node covered
first foll owed by how the sanme nodel can be used as an optim zed
mul ticast forwarding solution for data center networks.

Section 5 provides the solution overviewin detail. This section
assunmes that all EVPN PEs have | RB capability and operating in I RB
mode for both unicast and multicast traffic. Section 6 and 7 covers
control plane and data pl ane respectively.

Section 8 describes how the proposed solution can be used to achieve
optimized nmulticast forwarding within the EVPN donai n/ Data center
only networks. Section 9 discusses Data Center Interconnect (DCl)
use cases.

An EVPN network can consist of a mx of L2 and L3 PEs. The multicast
operation of such a heterogeneous EVPN network will be an extension
of an EVPN honpgenous network. Section 10 di scusses the multicast

I RB solution description for the EVPN het er ogeneous networKk.

2. Requirenents Language

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

3. Term nol ogy
Most of the term nol ogy used in this docunent comes from [ RFC8365]

Al'l - Active Redundancy Mode: When all PEs are attached to an Ethernet
segnent are allowed to forward known unicast traffic to/fromthat

Et hernet segment for a given VLAN, then the Ethernet segnment is
defined to be operating in All-Active redundancy node

Broadcast Domain (BD): In a bridged network, the broadcast domain
corresponds to a Virtual LAN (VLAN), where a VLAN is typically
represented by a single VLAN ID (VID) but can be represented by
several VIDs where Shared VLAN Learning (SVL) is used per [802.1Q
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Bridge Table (BT): An instantiation of a broadcast domain on a MAC
VRF

Border Leafs: A set of EVPN PEs acting as an exit point for EVPN
fabric

CO Central Ofice of a service provider

C-Prefix: Refers Prefix in the tenant context. GC- S refers tenant/
custoner source; C-Grefers tenent/custoner group. W Idcard is used
in place of S/IGto indicate all sources/all groups.

DCl: Data Center Interconnect

EC. BGP Extended Community

Et hernet Segnment (ES): Wen a custoner site (device or network) is
connected to one or nore PEs via a set of Ethernet |inks, then that
set of links is referred to as an ' Ethernet segment’.

Et hernet Segnment ldentifier (ESI): A unique non-zero identifier that
identifies an Ethernet segnment is called an ' Ethernet Segnent
Identifier’.

Et hernet Tag: An Ethernet tag identifies a particul ar broadcast
domain, e.g., a VLAN. An EVPN i nstance consists of one or nore

br oadcast domai ns.

EVI: An EVPN instance spanning the Provider Edge (PE) devices
participating in that EVPN

EVPN: Et hernet VPN

FHR: First Hop Router

GENEVE: Generic Network Virtualization Encapsul ation
I MET: Inclusive Milticast Ethernet Tag

IP-VRF: A Virtual Routing and Forwarding Table for Internet Protocol
(I P) addresses on a PE

LATA: Local Access and Transport Area
LHR: Last Hop Router

MAC-VRF: A Virtual Routing and Forwardi ng Tabl e for Media Access
Control (MAC) addresses on a PE
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NV: Network Virtualization

NVE: Network Virtualization Endpoint

NVGRE: Network Virtualization using Generic Routing Encapsul ation
NVO. Network Virtualization Overlay

PE: Provider Edge device

PI M SM Protocol |ndependent Multicast - Sparse-Mde

PI M SSM Protocol |ndependent Milticast - Source Specific Milticast
Bidir PIM Bidirectional PIM

PoD: Point of Delivery
Si ngl e- Acti ve Redundancy Mde: Wen only a single PE, anong all the
PEs attached to an Ethernet segnent are allowed to forward traffic
to/fromthat Ethernet segment for a given VLAN, then the Ethernet
segnent is defined to be operating in Single-Active redundancy node.
SPDC. Service Provider Data Center
UVH: Upstream Mul ticast Hop
VNI : Virtual Network Identifier (for VXLAN)
VXLAN: Virtual Extensible LAN
TS: Tenant Systens

4. Requirenents
This section describes the requirenments specific to providing
seam ess multicast VPN service between MVPN and EVPN capabl e
net wor ks.

4.1. Optimm Forwardi ng
The sol ution SHALL support optinmum nulticast forwardi ng between EVPN
and MVPN PEs within a network (l.e, only one copy will be used to
service both EVPN and MVPN PE when sanme tunnel encapsulation is
used). The network can be confined to a COor it can span across

mul tiple LATAs. The solution SHALL support optimum mnulticast
forwarding with both ingress replication tunnels and P2MP tunnel s.
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4.2. Optinum Replication

For EVPN PEs with I RB capability, the solution SHALL use only a
single multicast tunnel anong EVPN and MVPN PEs for | P multicast
traffic, when both PEs use the sanme tunnel type. Milticast tunnels
can be either ingress replication tunnels or P2MP tunnels. The the
sol ution MJUST support optimumreplication for both Intra-subnet and
Inter-subnet IP rmulticast traffic:

- Non-IP traffic SHALL be forwarded per EVPN baseline [ RFC7432] or
[ RFC8365]

- If a Multicast VPN spans across both Intra and Inter subnets, then
for Ingress replication regardl ess of whether the traffic is Intra or
Inter subnet, only a single copy of IP nulticast traffic SHALL be
sent fromthe source PE to the destination PE.

- If a Multicast VPN spans across both Intra and I nter subnets, then
for P2MP tunnel s regardl ess of whether the traffic is Intra or Inter
subnet, only a single copy of nulticast data SHALL be transmtted by
the source PE. Source PE can be either EVPN or MVPN PE and receiving
PEs can be a nmix of EVPN and MVPN PEs - i.e., a nulticast VPN can be
spread across both EVPN and MVPN PEs.

4.3. Al-Active and Single-Active Miltihom ng
The sol ution MJUST support rmultihom ng of source devices and receivers
that are sitting in the sane subnet (e.g., VLAN) and are multi homed
to EVPN PEs. The solution SHALL allow for both Single- Active and
Al'l -Active mnultihom ng.

4.4. Inter-AS Tree Stitching

The solution SHALL support nulticast tree stitching when the tree
spans across multiple Autononpbus Systens.

4.5. EVPN Service Interfaces

The sol ution MJUST support all EVPN service interfaces listed in
Section 6 of [RFC7432]:

*  VLAN- based service interface
* VLAN-bundl e service interface

*  VLAN- awar e bundl e service interface.
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4.6. Distributed Anycast Gateway

The sol ution SHALL support distributed anycast gateways as specified
in [RFC9135] for tenant workl oads on NVE devices operating in EVPN
| RB node.

4.7. Selective & Aggregate Sel ective Tunnels
The solution SHALL support sel ective and aggregate sel ective P-

tunnels as well as inclusive and aggregate inclusive P-tunnels. Wen
sel ective tunnels are used, multicast traffic SHOULD only be

forwarded to the renote PEs that have receivers - i.e., if there are
no receivers at a renote PE, the multicast traffic SHOULD NOT be
forwarded to that PE. If there are no receivers on any renote PEs,

then the multicast traffic SHOULD NOT be forwarded to the core.
4.8. Tenants' (S, G or (*,G states

The solution SHOULD store (G-S, GG and (C*,C G states only on PE
devi ces that have an interest in such states hence reducing menory
and processing requirenents - i.e., PE devices that have sources and/
or receivers interested in such nulticast groups.

4.9. Zero Disruption upon BD/ Subnet Addition

In DC environnents, various broadcast domains (BDs) are provisioned
and renoved on a regul ar basis due to host nobility, policy, and
tenant changes. Such change in BD configuration SHOULD NOT affect
existing flows within the same BD or any other BD in the network.

4.10. No Changes to Existing EVPN Service Interface Mdels

VLAN- awar e bundl e service as defined in Section 6.3 of [RFC7432]
typically does not require any VLAN ID transl ation fromone tenant
site to another - i.e., the sane set of VLAN IDs are configured
consistently on all tenant segnents. 1In such scenarios, EVPN-IRB
mul ti cast service MJST nmaintain the sane node of operation and SHALL
NOT require any VLAN ID translation

4.11. External source and receivers
The solution SHALL support sources and receivers external to the

tenant donmain. i.e., nulticast source inside the tenant domai n can
have recei ver outside the tenant donmin and vice versa
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4.12. Tenant RP pl acenent

The solution SHALL support a tenant to have RP anywhere in the
network. RP can be placed inside the EVPN network or MVPN network or
external domain.

5. Solution Overview

This section describes a nulticast VPN solution based on [ RFC6513]
and [ RFC6514] for EVPN PEs operating in | RB node that want to perform
seam ess interoperability with their counterparts M/PN PEs.

In order to enabl e seam ess integration of EVPN and MVPN PEs, traffic
ori gi nated/recei ved froman EVPN PE needs to be nodel ed very simlar
to a MWPN PE. Hence, there are sone differences in handling |IRB

mul ticast defined in this docunent in conparison to | RB unicast
defined in [ RFC9135]. The next section covers differences.

5.1. |RB Unicast versus |IRB Mil ticast

[ RFC9135] describes the operation for EVPN PEs in | RB node for
unicast traffic. The same IRB npdel is used for unicast traffic,
where an IP-VRF in an EVPN PE is attached to one or nore bridge
tables (BTs) via virtual IRB interfaces, is also applicable for
mul ticast traffic.

For unicast traffic, the intra-subnet traffic is bridged within the
MAC- VRF associated with that subnet (i.e., a | ookup based on MAC
Destination Address (MAC-DA) is perforned); whereas, the inter-subnet
traffic is routed in the corresponding IP-VRF (i.e. a | ookup based on
| P Destination Address (1 P-DA) is perforned).

A given tenant can have one or nore |P-VRFs; however, w thout |oss of
generality, this docunment assunes one |P-VRF per tenant. In context
of a given tenant’'s nmulticast traffic, the intra-subnet traffic is
bridged for non-1P traffic and it is Layer-2 switched for IP traffic.
Whereas, the tenant’s inter-subnet multicast traffic is always routed
in the corresponding I P-VRF. The difference between bridgi ng and
L2-switching for nmulticast traffic is that the former uses MAC DA

| ookup for forwarding the nmulticast traffic; whereas, the latter uses
| P- DA | ookup for such forwardi ng where the forwarding states are
built in the MAC-VRF using | GW/ M.D or PI M snoopi ng.
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5.1.1. IRB nulticast in seam ess interop node

EVPN does not provide a Virtual LAN (VLAN) service per [|EEE802.1Q
but rather an enul ated VLAN service. This VLAN service enulation is
not only done for unicast traffic but also extended for intra- subnet
mul ticast traffic described in [RFC9251]. For intra-subnet

mul ticast, an EVPN PE builds multicast forwarding states in its
bridge table (BT) based on snooping of |1Gw/ M.D and/or PIM nessages
and the forwarding is performed based on the destination IP multicast
address of the Ethernet frame rather than destination MAC address as
not ed above.

In order to enable seanl ess integration of EVPN and MWPN PEs, this
docunent extends the concept of an emul ated VLAN service for

mul ticast |1 RB applications such that the intra-subnet IP nulticast
traffic can get treated the same as inter-subnet IP nulticast traffic
whi ch means intra-subnet IP nulticast traffic destined to renote PEs
gets routed instead of being L2-switched. In other words, the TTL
val ue of | P packet is decrenented, and the Ethernet header of the L2
frame is de-capsul ated and encapsul ated at both ingress and egress
PEs.

It should be noted that the non-1P nmulticast or L2 broadcast traffic
still gets bridged and franmes get forwarded based on their
destinati on MAC addresses.

Link local 1P multicast traffic, non-1P multicast and broadcast
traffic are sent per EVPN [ RFC7432] BUM procedures and does not get
routed via I P-VRF for multicast addresses. So, such BUMtraffic wll
be linted to a given EVI/VLAN (e.g., a given subnet); whereas, IP
multicast traffic, will be locally L2 switched for |ocal interfaces
attached on the sane subnet and will be routed for |ocal interfaces
attached to a different subnet or for forwarding traffic to other
EVPN PEs (refer to Section 7 for data plane operation).

5.2. (Operational Mdel for EVPN | RB PEs

Wthout the |loss of generality, this section assumes that all EVPN
PEs have I RB capability and operating in I RB node for both unicast
and nulticast traffic (e.g., all EVPN PEs are honbgenous in terns of
their capabilities and operational nodes). As it will be seen |ater
an EVPN network can consist of a mx of PEs where sone are capabl e of
mul ticast I RB and sone are not and the multicast operation of such
het er ogeneous EVPN network will be an extension of an EVPN honogenous
network. Therefore, we start with the multicast |IRB solution
description for the EVPN honbgenous network
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The EVPN PEs term nate | GW/ M.D nessages fromtenant host devices or
Pl M messages fromtenant routers on their IRB interfaces, thus avoid
sendi ng these nessages over MPLS/IP core. A tenant virtual/physica
router (e.g., CE) attached to an EVPN PE becones a nulticast routing
the adjacency of that PE. Furthernore, the PE uses MVPN BGP protoco
and procedures per [RFC6513] and [ RFC6514]. Wth respect to

mul ticast routing protocol between the tenant’s virtual/physica
router and the PE that it is attached to, any of the followi ng PIM
protocols is supported per [RFC6513]: PIMSMw th Any Source

Mul ticast (ASM node, PIMSMw th Source Specific Milticast (SSM
nmode, and PIM Bidirectional (BIDIR) node. Support of PIM DM (Dense
Mode) is excluded in this docunment per [RFC6513].

The EVPN PEs use MVPN BGP routes defined in [ RFC6514] to convey
tenant (S, G or (*,G states to other MVPN or EVPN PEs and to set up
overlay trees (inclusive or selective) for a given MVPN instance.

The root or a |eaf of such an overlay tree is term nated on an EVPN
or MVPN PE. Furthernore, this inclusive or selective overlay tree is
term nated on a single | P-VRF of the EVPN or MWVPN PE. In case of
EVPN PE, these overlay trees never get ternmi nated on MAC VRFs of that
PE.

Overlay trees are instantiated by underlay provider tunnels (P-
tunnels) - e.g., P2MP, MP2MP, or unicast tunnels per [RFC6513]. When
there are several overlay trees napped to a single underlay P-tunnel,
the tunnel is referred to as an aggregate tunnel

Fi gure-1 bel ow depicts a scenario where a tenant’s multicast VPN
spans across both EVPN and MVPN PEs; where all EVPN PEs have

mul ticast IRB capability. An EVPN PE (with nulticast | RB capability)
can be nodel ed as an M/PN PE where the virtual IRB interface of an
EVPN PE (virtual interface between a BT and | P-VRF) can be consi dered
a routed interface for the WPN PE
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Figure 1: EVPN & MVPN PEs Seanl ess Interop

Figure 2 depicts the nodeling of EVPN PEs based on MV/PN PEs where an
EVPN PE can be nodel ed as a PE that consists of an MVPN PE whose
routed interfaces (e.g., attachment circuits) are replaced with IRB
i nterfaces connecting each | P-VRF of the MV/PN PE to a set of BTs.
Simlar to an MWPN PE where an attachnment circuit serves as a routed
mul ticast interface for an | P-VRF associated with an MVPN instance,
an I|RB interface serves as a routed multicast interface for the IP-
VRF associated with the M/PN instance. Since EVPN PEs run MVPN
protocols (e.g., [RFC6513] and [ RFC6514] ), for all practica

pur poses, they look just |like MVPN PEs to other PE devices. Such
nmodel i ng of EVPN PEs transforns the multicast VPN operation of EVPN
PEs to that of MVPN and thus sinplifies the interoperability between
EVPN and MVPN PEs to that of running a single unified solution based
on MVPN.
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EVPN PE1
Fomm e +
Srcl +----| (MAGVRF1) |
\

Rcvr 1l +----I I + o m - - + I +
| | MVPN PEL]| | ----| | ---] MPN PE3|--- Rcvr5
|- o | +
I / I I I

Revr2 +---| (MAG VRF2) | | |
R + | |
| MPLS/ |
EVPN PE2 | I P |
I + | |
Revr3 +---| (MAC VRF1) | | |
\
| S SRR + } } S SRR +
| | MVPN PE2| | ----| | ---] MVPN PE4|--- Rcvr6
|- I e +
| / - +
Revr4 +---| (MACG VRF3) |
O +

Figure 2: EVPN PEs as MVPN PEs

Al t hough nodeling an EVPN PE as a MV/PN PE, conceptually sinplifies
the operation to that of a solution based on MVPN, the follow ng
operational aspects of EVPN need to be factored in when considering
seanl ess integration between EVPN and MVPN PEs.

* Unicast route advertisenents for IP multicast source
* multihoming of IP nulticast sources and receivers

* NMbbility for Tenant’s sources and receivers

Uni cast Route Advertisenents for |IP nulticast Source

When an IP multicast source is attached to an EVPN PE, the unicast
route for that IP nmulticast source needs to be advertised. Wen the
the source is attached to a Single-Active nultihomed Ethernet Segnent
(ES), then the EVPN DF PE is the PE that advertises a unicast route
corresponding to the source I P address with VRF Route Inport extended
community which in turn is used as the Route Target for Join (S, G
messages sent toward the source PE by the renote PEs. The EVPN PE
advertises this unicast route using EVPN route type 2 and VPN-1P

uni cast route along with VRF Route Inport extended comunity. EVPN
route type 2 is advertised with the Route Targets corresponding to
bot h I P-VRF and MAC- VRF/ BT; whereas, the VPN-IP unicast route is
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advertised with RT corresponding to the I P-VRF. \When unicast routes
are advertised by M/PN PEs, they are advertised using VPN-IP unicast
route along with VRF Route Inport extended comunity per [RFC6514].

When the nulticast source is attached to an All-Active nultihomed ES,
then the PE that |earns the source advertises the unicast route for
that source using EVPN route type 2 and VPN-|IP unicast route al ong
with VRF Route |Inport extended community. EVPN route type 2 is
advertised with the Route Targets corresponding to both I P-VRF and
MAC- VRF/ BT; whereas, the VPN-1P unicast route is advertised with RT
corresponding to the I P-VRF. Wen the other multihom ng EVPN PEs for
that ES receive this unicast EVPN route, they inport the route and
check to see if they have learned the route locally for that ES, if
they have, then they do nothing. But if they have not, then they add
the 1P and MAC addresses to their |IP-VRF and MAC VRF/ BT tabl es
respectively with the local interface corresponding to that ES as the
correspondi ng route adjacency. Furthernore, these PEs advertise an
VPN-1 P uni cast route along with VRF Route Inport extended comunity
and Route Target corresponding to IP-VRF to other renote PEs for that
MVPN. Therefore, the rembte PEs | earn the unicast route
corresponding to the source fromall nultihom ng PES associated with
that All-Active ES even though one of the nmultihomng PEs nay only
have directly learned the | P address of the source.

EVPN PEs advertise unicast routes as host routes using EVPN route
type 2 for sources that are directly attached to a tenant BD that has
been extended in the EVPN fabric. EVPN PE may sunmarize sources (IP
networ ks) behind a router that is attached to itself or sources that
are connected to a BD, which is not extended across EVPN fabric and
advertises those routes with EVPN route type 5(i.e., IP Prefix route
as per Section 3 of [RFC9136]). EVPN host routes are al so advertised
as VPN-1P host routes to MVPN PEs only in case of seanl ess interop
node.

Section 8 extends seam ess interop procedures to EVPN only fabrics as
an IRB solution for multicast. L3VPN provisioning is not needed
anong EVPN PEs. EVPN PEs only need to advertise unicast routes using
EVPN route type 2 or route type 5 with VRF Route |Inmport extended
community and don’t need to advertise VPN-IP routes within EVPN only
fabric.

Section 9 discusses Data Center Interconnect (DCl) use cases, where
EVPN and MVPN networks are connected using a gateway nodel. |In the
gat eway nodel, EVPN PE advertises unicast routes as VPN-IP routes
along with VRI extended comunity for all multicast sources are
attached behind EVPN PEs. All VPN-1P routes SHOULD be sumari zed
whi |l e adverting to MVPN PEs.
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5.4. Miltihonming of IP Milticast Source and Receivers

EVPN [ RFC7432] has extensive nultihom ng capabilities that allow
Tenant Systens (TSs) to be nmultihonmed to two or nore EVPN PEs in
Singl e-Active or All-Active nbde. In Single-Active node, only one of
the mul ti honmi ng EVPN PEs can receive/transnit traffic for a given
subnet (a given BD) for that multihomed Ethernet Segnment (ES). In
Al'l -Active node, any of the multihom ng EVPN PEs can receive/transmt
uni cast traffic but only one of them (the DF PE) can send BUMtraffic
to the multihomed ES for a given subnet.

The nul tihomi ng node (Single-Active versus All-Active) of a TS source
can inpact the MVPN procedures as described bel ow

5.4.1. Single-Active Miltihom ng

When a TS source resides on an ES that is nultihomed to two or nore
EVPN PEs operating in Single-Active node, only one of the EVPN PEs
can be active for the source subnet on that ES. Therefore, only one
of the multihom ng PE | earns the unicast route of the TS source and
advertises that using EVPN and VPN-IP to other PEs as described in
Section 5. 3.

A downstream PE that receives a Join/Prune nmessage froma TS host/
router, selects an Upstream Multicast Hop (UVH) which is the upstream
PE that receives the IP multicast flow in the case of Singe-Active
multihoming. An IP nulticast flow belongs to either a source-
specific tree (S,G or to a shared tree (*,G. W use the notation
(X, torefer to either (S,G or (*,Q; where Xrefers to S in case
of (S,G and X refers to the Rendezvous Point (RP) for Gin the case
of (*,QG. Since the active PE (which is also the UV PE) has been
advertised unicast route for X along with the VRF Route Import EC

the downstream PEs sel ect the UVH wi thout any anbiguity based on MVPN
procedures described in Section 5.1 of [RFC6513].

The nultihonming PE that receives the IP nmulticast flowon its | ocal
AC perforns the follow ng tasks:

- L2 switches the nmulticast traffic in its BT associated with the
| ocal AC over which it received the flowif there are any interested
recei vers based on inconming |GW/ M.D join for that subnet.

- L3 routes the nulticast traffic to other BTs for other subnets if
there are any interested receivers based on incomng | GW/ M.D or PIM
join for those subnets.

* L3 routes the nulticast traffic to other PEs per [RFC6513] &
[ RFC6513] MVPN procedur es.
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The nulticast traffic can be sent on Inclusive, Selective, or
Aggregate Selective Tree as specified in Section 2.1.1 of [ RFC6513].
Regardl ess of what type of tree is used, only a single copy of the
multicast traffic is received by the downstream PEs and the nulticast
traffic is forwarded optimally fromthe upstream PE to the downstream
PEs.

5.4.2. AIl-Active Miltihom ng

When a TS source resides on an ES that is nmultihoned to two or nore
EVPN PEs operating in Al -Active node, then any of the nultihom ng
PEs can learn the TS source’s unicast route; however, PE nmay not be
the sane PE that receives the IP multicast flow Therefore, the
procedures for Single-Active Miltihonm ng need to be augmented for
Al'l -Active scenario as bel ow

The nul ti homi ng EVPN PE that receives the IP nulticast flowon its

| ocal AC needs to do the following tasks in addition to the ones
listed in the previous section for Single-Active multihomng: L2
switch the nulticast traffic to other multi hom ng EVPN PEs for that
ES via a multicast tunnel which is called intra-ES subnet tunnel
There will be a dedicated tunnel for this purpose which is different
frominter-subnet overlay tree/tunnel setup by MVPN procedures.

When the multi hom ng EVPN PEs receive the IP nulticast flowvia this
tunnel, they treat it as if they receive the flowvia their |ocal ACs
and thus performthe tasks nentioned in the previous section for

Singl e-Active multihom ng. The tunnel type for this intra-ES subnet
tunnel can be any of the supported tunnel types such as ingress-
replication, P2MP tunnel, BIER, and Assisted Replication; however,
given that the vast mgjority of nultihomng ESes are just dual -

hom ng, a sinple ingress replication tunnel can serve well. For a
given ES, since nmulticast traffic that is locally received by one
multihomng PE is sent to other multihomng PEs via this intra-ES
subnet tunnel, there is no need for sending the nulticast traffic via
MVPN tunnel to these nultihoming PEs - i.e., MVPN nulticast tunnels
are used only for remote EVPN and MVPN PEs. Milticast traffic sent
over this intra-ES subnet tunnel to other multihomng PEs for a given
ES can be either fixed or on a demand basi s.

By feeding IP nulticast flow received on one of the EVPN nultihom ng
PEs to the interested EVPN PEs in the sane nul ti hom ng group, we have
essentially enabled all the EVPN PEs in the multihoning group to
serve as UWH for that IP nulticast flow Each of these UVH PEs
advertises unicast route for Xin (X, G along with the VRF Route
Inmport EC to all PEs for that MVPN i nstance. The downstream PEs
build a candi date UVH set based on procedures described in the
Section 5.1 of [RFC6513] and pick a UW fromthe set. It should be
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noted that both the default UWH sel ection procedure based on the

hi ghest UVH PE | P address and the UWVH sel ection al gorithm based on a
hash function specified in Section 5.1.3 of [RFC6513] (which is also
a MJST inplement algorithn result in the sane UVH PE be sel ected by
all downstream PEs running the sane algorithm However, in order to
allow a formof "equal cost |oad bal ancing”, the hash algorithmis
RECOMMVENDED t o be used anong all EVPN and MVPN PEs. This hash

al gorithmdistributes UVH selection for different I[P nulticast flows
anong the multihoming PEs for a given ES

Since all downstream PEs (EVPN and MVPN) use the sane hash-based
algorithmfor UVH determ nation, they all choose the sanme upstream PE
as their UW for a given (X, @ flow and thus they all send their
(X, G join nmessage via BGP to the sane upstream PE. This results in
one of the nmultihomng PES to receive the join nmessage and thus send
the IP multicast flow for (X, G over its associated overlay tree even
though all of the multihoming PEs in the Al -Active redundancy group
have received the IP nulticast flow (one of themdirectly viaits

Il ocal AC and the rest indirectly via the associated intra-ES subnet
tunnel). Therefore, only a single copy of the routed I P multicast
flowis sent over the network regardl ess of overlay tree type
supported by the PEs - i.e., the overlay tree can be of type

sel ective or aggregate selective or inclusive tree. This gives the
network operator the maximumflexibility for choosing any overl ay

tree type that is suitable for its network operation and still be
able to deliver only a single copy of the IP nmulticast flows to the
egress PEs. In other words, an egress PE only receives a single copy

of the IP nmulticast flow over the network, because it either receives
it via the EVPN intra-ES subnet tunnel or MVPN inter-subnet tunnel
Furthernore, if it receives it via M/PN inter-subnet tunnel, then
only one of the nultihom ng PEs associated with the source ES, sends
the P nmulticast traffic.

Since the network of interest for seam ess interoperability between
EVPN and MVPN PEs is MPLS, the EVPN handling of BUMtraffic for MPLS
network needs to be considered. EVPN [RFC7432] Section 8.3 uses ES
MPLS | abel for split-horizon filtering of Broadcast/Unknown unicast/
multicast (BUM traffic froman Al -Active multihom ng Ethernet
Segnment to ensure that BUMtraffic doesn't get | ooped back to the
same Ethernet Segnent that it came from This split-horizon
filtering mechanismapplies as-is for nmulticast | RB scenari os because
of using the intra- ES tunnel anong nultihoning PEs. Since the
multicast traffic received froma TS source on an All-Active ES by a
mul ti homing PE is bridged to all other multihoming PEs in that group,
the standard EVPN split-horizon filtering described in [ RFC7432]
applies as-is.
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5.5. Mbility for Tenant’s Sources and Receivers

VWhen a tenant system (TS), source or receiver, is nultihomed behind a
group of nmultihom ng EVPN PEs, then TS nobility is supported anobng
EVPN PEs. Furthernore, such TS nobility will cause an tenporary
disruption to the related nulticast service anong EVPN and MVPN PEs.
If a source is noved fromone EVPN PE to another PE, then the EVPN
mobil ity procedure discovers this nmove and a new uni cast route
adverti senent (using both EVPN and VPN-1P routes) is made by the EVPN
PE where the source has noved to per Section 5.3 above and uni cast
route withdrawal (for both EVPN and VPN-IP routes) is perforned by
the EVPN PE where the source has noved from

The nove of a source results in disruption of the IP nulticast flow
for the corresponding (S,G flowtill the new unicast route
associated with the source is advertised by the new PE along with the
VRF Route Inport EC, the join nessages sent by the egress PEs are
received by the new PE, the nulticast state for that flowis
installed in the new PE and a new overlay tree is built for that
source fromthe new PE to the egress PEs that are interested in
receiving that 1P multicast flow

The nove of a receiver results in disruption of the IP nmulticast flow
to that receiver only till the new PE for that receiver discovers the
source and joins the overlay tree for that flow

6. Control Plane Operation
In seanm ess interop between EVPN and MVPN PEs, the control plane
needs to setup the following three types of multicast tunnels. The
first two are anong EVPN PEs and are associated with the attached BD,
but the third one is anong EVPN and MVPN PEs and is associated with
tenant’s | P-VRF
1) Intra-ES subnet tunnel
2) Intra-subnet BUM tunnel
3) Inter-subnet IP nulticast tunnel
Wi |l e advertising | MET routes, all seamnless interop capable PEs
SHOULD attach EVPN Multicast Flags Extended Comunity with "EVPN MVPN

Seam ess Interop Supported” flag set. This is a new flag defined in
this docunment ( Refer Section 13)
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6.1. Intra-ES Subnet Tunne

As described in Section 5.4.2, when a nmulticast source is sitting
behind an All-Active ES, then an intra-subnet nulticast tunnel is
needed anong the nultihonming EVPN PEs for that ES to carry nulticast
flow received by one of the nultihonming PEs to the other PEs in that
ES. We refer to this nulticast tunnel as an Intra-ES subnet tunnel
It is recomrended to use Ingress replication for Intra-ES subnet
tunnel (especially for dual -hom ng usecases), In case of nultihom ng
to three or nore EVPN PEs, then other tunnel types such as P2MP,
MP2MP, BI ER, and Assisted Replication can be considered. It should
be noted that this intra-ES subnet tunnel is only needed for Al -
Active multihonming and it is not required for Single-Active

mul ti homi ng.

The EVPN PEs bel onging to a given All-Active ES discover each other
usi ng EVPN Et hernet Segnent route per procedures described in

[ RFC7432] Section 8. These EVPN PEs perform DF el ection per

[ RFC7432], [RFC8584], or other DF election algorithms to decide who
is a DF for a given BD. If the BD belongs to a tenant that has IRB
IP multicast enabled for it, then for fixed-node, each PE sets up an
intra-ES subnet tunnel to forward IP nulticast traffic received
locally on that BD to other nultihom ng PE(s) for that ES

Therefore, IP nulticast traffic received via a | ocal attachment
circuit is sent on this tunnel and on the associated IRB interface
for that BT and other |ocal attachnent circuits if there are
interested receivers for them The other multihom ng EVPN PEs treat
this intra-ES subnet tunnel just like their local ACs - i.e., the
mul ticast traffic received over this tunnel is treated as if it is
received via its local AC. Thus, the nultihom ng PEs cannot receive
the same IP nmulticast flow froman M/PN tunnel (e.g., over an IRB
interface for that BD) because between a source behind a | ocal AC
versus a source behind a renote PE, the PE always chooses its |oca
AC

When all multi honed PE support [RFC9251], traffic nay be forwarded on
demand basis. Based on | GW/ M.D synchroni zati on procedure specified
in [RFC9251], the join state may be synchroni zed between al
mul ti honed PEs. Miltihomed PE which receives the nmulticast traffic
fromits attached circuit, nmay send the traffic towards intra-ES
subnet tunnel, only if it has received an | GW/ M.D sync nessage from
one of the nmultihomed PEs. Such extension is outside the scope of
this docunment and may be covered in a separate docunment if required

In case of a TS, receiver sits behind an Al'l-Active Miltihomng ES
and a TS source sits behind an inter-subnet tunnel (with respect to
the multihoned PE), it is possible that nore than one multihomed PEs
sends MVPN join toward renote PE based on incoming join on their
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local interfaces. When the traffic is received on the inter-subnet
tunnel, it is sent towards locally attached receivers. Only DF sends
traffic towards nulti homed ethernet segnent. Traffic received on the
i nter-subnet tunnel, should not be sent towards Intra-ES subnet

t unnel

When ingress replication is used for intra-ES subnet tunnel, every PE
in the All-Active nmultihoming ES has all the information to setup
these tunnels - i.e., a) each PE knows what are the other nulti-

hom ng PEs for that ES via EVPN Et hernet Segnent route and can use
this information to setup intra-ES subnet tunnel anobng thensel ves.

6. 2. I ntra- Subnet BUM Tunne

As the name inplies, this tunnel is setup to carry BUMtraffic for a
gi ven subnet/BD anobng EVPN PEs. In [RFC7432], this overlay tunnel is
used for transmission of all BUMtraffic including tenant IP

mul ticast traffic.

When an EVPN | RB PE operates in seam ess interop node, this tunnel is
used for all broadcast, unknown-unicast, non-1P multicast traffic,
and link-local IP nulticast traffic - i.e., it is used for all BUM
traffic except for tenant IP nulticast traffic. This tunnel is setup
using the IMET route for a given EVI/BD. The conposition and

adverti senent of |IMET routes are exactly per [RFC7432]. It should be
noted that when an EVPN All-Active nultihom ng PE uses both this
tunnel as well as intra-ES subnet tunnel, there SHALL be no
duplication of nmulticast traffic over the network because they carry
different types of nulticast traffic - i.e., intra-ES subnet tunne
among nul ti homing PEs carries only tenant IP nulticast traffic;

wher eas, intra-subnet BUM tunnel carries link-local IP nulticast
traffic and BUMtraffic (w non-1P nulticast).

6.3. Inter-Subnet IP Milticast Tunne
As its name inplies, this tunnel is setup to carry IP-only multicast
traffic for a given tenant across all its subnets (BDs) anong EVPN
and MVPN PEs.

The following NLRIs from [ RFC6514] is used for setting up this inter-
subnet tunnel in the network.

Intra-AS | -PMSI A-D route is used for the setup of default
underl ay tunnel (also called inclusive tunnel) for a tenant |P-
VRF. The tunnel attributes are indicated using the PVS
attribute with this route.

S-PMSl A-D route is used for the setup of Custoner flow specific
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underlay tunnels. This enables selective delivery of data to PEs
havi ng active receivers and optim zing fabric bandw dth
utilization. The tunnel attributes are indicated using PNSI
attribute with this route.

Each EVPN PE supporting a specific M/PN instance discovers the set of
other PEs in its AS that are attached to sites of that MVPN using
Intra-AS | -PMSI A-D route (route type 1) per [RFC6514]. It can also
di scover the set of other ASes that have PEs attached to sites of
that MVPN using Inter-AS |-PMSI A-D route (route type 2) per

[ RFC6514]. After the discovery of PEs that are attached to sites of
the MVPN, an inclusive overlay tree (I-PVSl) can be setup for
carrying tenant multicast flows for that MVPN, however, this is not a
requi renent per [RFC6514] and it is possible to adopt a policy in
which all tenant flows are carried on S PMSIs.

An EVPN-IRB PE sends a tenant |IP nulticast flow to other EVPN and
MVPN PEs over this inter-subnet tunnel that is instantiated using
MVPN | -PMBI or S-PMslI. This tunnel can be considered as being
originated and term nated fromto anong | P-VRFs of EVPN WPN PEs;
wher eas, intra-subnet tunnel originated/term nated anong MAC VRFs of
EVPN PEs.

6.4. |1 GQW/ M.D Hosts as TSes

| GW/ MLD nmessages are termnated by the EVPN-1RB PE and tenant (*,Q
or (S, join nessages are sent via MV/PN Shared Tree Join route
(route type 6) or Source Tree Join route (route type 7) respectively
of MCAST- VPN NLRI per [RFC6514].

Here, 1 GW/ M.D states are ternminated at IRB interfaces, and | ocal
interest are expressed in the context of IP-VRF to renote PEs.

In the case of a network with only 1 GW/ MLD hosts, the preferred node
of operation is that of Shortest Path Tree(SPT) per Section 14 of
[ RFC6514]. This mode is only supported for PIM SM and avoi ds the RP
configuration overhead. Such node is chosen by provisioning/
confi guration.

6.5. PIMRouters as TSes
Just like an MVPN PE, an EVPN PE runs a separate tenant multicast
routing instance (VPN-specific) per M/PN instance and the foll ow ng
tenant multicast routing instances are supported:

- PIM Sparse Mbde (PIMSM with the ASM servi ce nodel

- PIM Sparse Mbde with the SSM servi ce nodel
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- PIMBidirectional Mde (BIDI R PIM, which uses bidirectional
tenant-trees to support the ASM service nodel

A given tenant’s PIMjoin nessages for (*, G or (S, G are processed
by the corresponding tenant nulticast routing protocol and they are
advertised over MPLS/I P network using the Shared Tree Join route
(route type 6) and Source Tree Join route (route type 7) respectively
of MCAST- VPN NLRI per [RFC6514].

7. Data Plane Operation

When an EVPN-I RB PE receives an | GW/ M.D join nessage over one of its
Attachnment Circuits (ACs), it adds that ACto its Layer-2 (L2) OF
list, when | GW/ MLD snooping is enabled. This L2 OF list is
associated with the MAC VRF/ BT corresponding to the subnet of the
tenant device that sent the |GW/ MD join. Therefore, tenant (S, G
or (*,QG forwarding entries are created/ updated for the correspondi ng
MAC- VRF/ BT based on these source and group | P addresses. |n snooping
di sabl ed case, no L2 state will be created. |Irrespective of snooping
state, the |GW/ M.D join nessage is then propagated over the
corresponding IRB interface and it is processed by the tenant

mul ticast routing instance which creates the correspondi ng tenant

(S, G or (*,G Layer-3 (L3) forwarding entries. It adds this IRB
interface to the L3 OF list. An IRBis renoved as a L3 OF when all
L2 tenant (S, G or (*, G forwarding states is renoved for the MAC
VRF/ BT associated with that IRB. Furthernore, tenant (S, G or (*,Q
L3 forwarding state is renoved when all of its L3 OFs are renoved -
i.e., all the IRB and L3 interfaces associated with that tenant (S, G
or (*,G are renoved.

When an EVPN PE receives IP multicast traffic fromone of its AC, if
it has any attached receivers for that subnet, it perforns L2

swi tching of the intra-subnet traffic within the BT attached to that
AC. If the nmulticast flow is received over an AC that belongs to an
Al -Active ES, then the nulticast flowis also sent over the intra-
ES subnet tunnel anong multi honming PEs. The EVPN PE then sends the
mul ticast traffic over the corresponding IRB interface. The

mul ticast traffic then gets routed in the corresponding IP-VRF and it
gets forwarded to interfaces in the L3 OF list which can include
other IRB interfaces, other L3 interfaces directly connected to TSes,
and the MVPN | nter-Subnet tunnel which is instantiated by an |-PVS
or S-PMsl tunnel. Wen the nmulticast packet is routed within the |IP-
VRF of the EVPN PE, its Ethernet header is stripped and its TTL gets
decrenmented as the result of this IP routing. Rempte multicast
traffic that is received from M/PN Inter-Subnet tunnel gets routed
towards all L3 OFs. Wen the nulticast traffic is received on an
IRB interface by the BT corresponding to that interface, it gets L2
swi tched and sent over ACs that belong to the L2 OF |ist.
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7.1. Intra-Subnet L2 Switching

Revrl in Figure 1 is connected to PE1 in MAC-VRF1 (same as Srcl) and
sends |GW/ M.D join for (CS, GG, |1GQwW/ M.D snooping will record
this state in the local bridging entry. A routing entry will be
formed as well which will point to MAC-VRF1 as RPF for Srcl. W
assunme that Srcl is known via ARP or similar procedures. Rcvrl wll
get a locally bridged copy of nulticast traffic fromSrcl. Rcvr3is
al so connected in MAC-VRF1 but to PE2 and hence would send | GwW/ M.D
join which will be recorded at PE2. PE2 will also formrouting entry
and RPF will be assumed as Tenant Tunnel "Tenantl1" forned beforehand
usi ng MVPN procedures. Also, this would cause the nulticast control
plane to initiate a BGP MCAST-VPN type 7 route which would include
VRl for PE1l and hence be accepted on PE1l. PE1l will include Tenantl
tunnel as Qutgoing Interface (OF) in the routing entry. Now, since
it has know edge of renote receivers via MPN control plane it wll
encapsul ate original multicast traffic in Tenantl tunnel towards
core.

7.2. Inter-Subnet L3 Routing

Revr2 in Figure 1 is connected to PE1 in MAC-VRF2 and hence PE1 will
record its nmenbership in MAC-VRF2. Since MAC-VRF2 is enabled with

I RB, gets added as another OF to the routing entry forned for (CS,
CG. Revr2 and Revr4 are also in different MAC-VRFs than nulticast
speaker Srcl and hence need Inter-subnet forwarding. PE2 now adds
another OF 'MAC-VRF2' to its existing routing entry. But there is
no change in control plane states since it is already sent MVPN route
and no further signaling is required. Traffic received by the tenant
tunnel interface gets routed towards both MAC-VRF1 and MAC-VRF3. PE3
forms routing entry very sinilar to PE2. It is to be noted that PE3
does not have MAC-VRF1 configured locally but still can receive the
mul ticast data traffic over the Tenantl tunnel formed due to MVPN
procedures and routes traffic towards its L3 OFs for that (CGS, CQG.

8. DCs with only EVPN PEs
As nentioned earlier, the proposed solution can be used as a routed

mul ticast solution in data center networks with only EVPN PEs (e.g.,
routed nulticast VPN only anong EVPN PEs).
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As per Section 5.2, EVPN PE is nodeled as a PE that consists of a
MVPN PE whose routed interfaces (e.g., attachment circuits) are
replaced with IRB interfaces connecting each |IP-VRF of the WPN PE to
a set of BTs. Due to this, the IP multicast traffic that needs to be
forwarded fromthe source PE to remote PES is routed to remote PEs
regardl ess of whether the traffic is intra-subnet or inter-subnet.

As a result, the TTL value for intra-subnet traffic that spans across
two or nore PEs get decrenented

However, if there are applications that require intra-subnet

mul ticast traffic to be L2 forwarded, Appendi x A di scusses sone
options to support applications having TTL value 1. The procedure
di scussed in Appendi x A may be used to support applications that
require intra-subnet multicast traffic to be L2 forwarded.

8.1. Setup of overlay nulticast delivery

It must be enphasized that this solution poses no restriction on the
setup of the tenant BDs and that neither the source PE, nor the
recei ver PEs do not need to know | earn about the BD configuration on
other PEs in the tenant IP-VRF ( Since EVPN PE is nodel ed as MVPN PE
source and receivers are announced to renote PE in the context of
tenant | P-VRF(MPN) as opposed to BD context). The Reverse Path
Forwarder (RPF) is selected per the tenant multicast source and the
I P-VRF in conpliance with the procedures in [ RFC6514], using the
incom ng EVPN route type 2 or 5 NLRI per [RFC7432].

The VRF Route Inport (VRI) extended conmunity that is carried with
the VPN-IP routes in [ RFC6514] MJUST be carried with the EVPN uni cast
routes when these routes are used. The construction and processing
of the VRI are consistent with [RFC6514]. The VRI MJST uni quely
identify the PE which is advertising a multicast source and the | P-
VRF it resides in.

VRI nay be constructed as foll ow ng:
The 4-octet dobal Administrator field can be set to an IP
address of the PE ( PE s | oopback address or VTEP address) or
BGP router-id.

* The 2-octet Local Administrator can be set to a nunber that
uniquely identifies the IP-VRF within the PE

EVPN PE MUST have Route Target Extended Conmunity to inport/export

MVPN routes. |In a data center environment, it is desirable to have
this RT is configured using an auto-generated nmethod rather than a
static configuration.
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The followi ng is one reconmended nodel to auto-generate MVPN RT:
* The G obal Administrator field of the MVPN RT MAY be set to BGP
AS Number used for EVPN MVPN sessi on.

*  The Local Admnistrator field of the MVPN RT MAY be set to the
VNI associated with the tenant |P-VRF.

Every PE that detects a | ocal receiver via a local |GW/ M.D join or a
local PIMjoin for a specific source (overlay SSM node) MJUST
termnate the |GW/ PIMsignaling at the | P-VRF and generate a (G S, C
G via the BGP MCAST-VPN route type 7 per [RFC6514] if and only if
the RPF for the source points to the fabric. |If the RPF points to a
local multicast source on the same MAC-VRF or a different MAC-VRF on
that PE, the MCAST-VPN MJUST NOT be advertised and data traffic wll
be locally routed/bridged to the receiver.

The VRI received with EVPN route type 2 or 5 NLRI from source PE wll
be appended as an export route-target extended conmunity. The PE

whi ch has advertised the unicast route with VRI, will inport the

i ncom ng MCAST-VPN NLRI in the IP-VRF with the sane inport route-
target extended-comunity and other PEs SHOULD ignore it. Follow ng
such procedure the source PE | earns about the existence of at |east
one renote receiver in the tenant overlay and prograns data pl ane
accordingly, so that a single copy of nulticast data is forwarded
into the fabric using tenant VRF tunnel (i.e. inter-subnet tunnel/mpn
tunnel ).

If the nulticast source is unknown (overlay ASM node), the MCAST- VPN
route type 6 (CG*,C G join SHOULD be targeted towards the designated
overl ay Rendezvous Point (RP) by appending the received RP VRI as an
export route-target extended community. Every PE which detects a a

| ocal source, registers with its RP PE. That is how the RP | earns
about the tenant source(s) and group(s) within the MVPN. Once the
overlay RP PE receives either the first rempte (CGRP,CGG join or a
local 1GW/ MLD)PIMjoin, it will trigger an MCAST-VPN route type 7
(G S, GO towards the actual source PE for which it has received PIM
regi ster messages in full conpliance with regular PIM procedures.
This involves the source PE to advertise the MCAST-VPN Source Active
A-D route (MCAST-VPN route-type 5) towards all PEs. The Source
Active A-Droute is used to informall PEs in a given MVPN about the
active multicast source for switching fromRPT to SPT when MVPNs use
tenant RP-shared trees (i.e., rooted at tenant’s RP) per Section 13
of [RFC6514].
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8.2. Handling of different encapsul ations

Just as in [RFC6514] the MVPN | -PMSI and S-PMSI A-D routes are used
to formthe overlay multicast tunnels and signal the tunnel type
using the P-Milticast Service Interface Tunnel (PMSI Tunnel)
attribute.

8.2.1. MPLS Encapsul ation

The [ RFC6514] assunes MPLS/IP core and there is no nodification to
the signaling procedures and encoding for PMSI tunnel formation
therein. Also, there is no need for a gateway to inter-operate with
non- EVPN PEs supporting [ RFC6514] based MVPN over | P/ MPLS

8.2.2. VXLAN Encapsul ati on

When the encapsul ation node is configured as the VXLAN, the
correspondi ng BGP encapsul ati on extended comunity [RFC9012] SHOULD
be appended to the MVPN | -PMSI and S-PMsl A-D routes. The MPLS | abe
in the PMSI Tunnel Attribute MJST be the Virtual Network Identifier
(VNI') associated with the customer MWVPN. The supported PMSI tunne
types with VXLAN encapsul ation are: PIM SSM Tree, PIMSM Tree, BID R-
PIM Tree, Ingress Replication [ RFC6514]. Further details are in

[ RFC8365] .

A gateway is needed for inter-operation between the EVPN MV/PN-capabl e
PEs and non- EVPN MVPN PEs. The gateway should re-originate the
control plane signaling with the relevant tunnel encapsul ation on
either side. In the data plane, the gateway term nates the tunnels
fornmed on either side and perforns the relevant stitching/re-
encapsul ati on on data packets.

8.2.3. Oher Encapsul ation

In order to signal a different tunneling encapsul ation such as NVGRE
GPE, or GENEVE the correspondi ng BGP encapsul ati on extended conmunity
[ RFC9012] SHOULD be appended to the MVPN | -PMSI and S-PMsI A-D
routes. |If the Tunnel Type field in the encapsul ati on extended-
community is set to a type that requires Virtual Network ldentifier
(VNI), e.g., VXLAN-GPE or NVGRE [ RFC9012], then the MPLS | abel in the
PVMSI Tunnel Attribute MJUST be the VNI associated with the customer
MVPN. Sane as in the VXLAN case, a gateway is needed for inter-
operation between the EVPN M/PN- capabl e PEs and non- EVPN MVPN PEs.
Any ot her encapsul ati on nodel s other than specificied in sections
8.2.2 & 8.2.3 are outside the scope of this docunent and may be
covered in a separate docunent if required
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9. DC with MPLS in WAN and VXLAN in DCs

This section describes the inter-operation between MWPN PEs in WAN
usi ng MPLS encapsul ation with EVPN PEs in a DC network using VXLAN
encapsul ati on. Since the tunnel encapsul ati on between these networks
are different, we nust have at |east one gateway in between

Usually, two or nore are required for redundancy and | oad bal anci ng
purposes. |In such scenarios, a DC network can be represented as a
custonmer network that is nmultihoned to two or nore MVPN PEs via L3
interfaces and thus standard MVPN mnul ti hom ng procedures are
applicable here. It should be noted that an MVPN overlay tunnel over
the DC network is term nated on the I P-VRF of the gateway and not the
MAC- VRF/ BTs. Therefore, the considerations for |oop prevention and
split-horizon filtering described in [ RFC9014] are not applicable

her e.

9.1. Control plane inter-connect

The gateway(s) MJST be setup with the inclusive set of all the |P-
VRFs that span across the two domains. On each gateway, there wll
be at |east two BGP sessions: one towards the DC side and the other
towards the WAN side. Usually for redundancy purposes, nore sessions
are setup on each side. The unicast route propagation follows the
exact same procedures in [RFC9014]. Hence, a multicast host |ocated
in either domain, is advertised with the gateway | P address as the
next-hop to the other domain. As a result, PEs view the hosts in the
other domain as directly attached to the gateway and all inter-domain
mul ticast signaling is directed towards the gateway(s). Received
MVPN routes type 1-7 fromeither side of the gateway(s), MJST NOT be
refl ected back to the sane side but processed locally and re-
advertised (if needed) to the other side:

* Intra-AS/Inter-AS |-PMSlI A-D Route: these are distributed within
each domain to formthe overlay tunnels which term nate at
gateway(s). They are not passed to the other side of the
gat eway(s).

* C-Milticast Route: joins are inported into the corresponding |IP-
VRF on each gateway and advertised as a new route to the other
side with the followi ng nodifications (the rest of NLRI fields and
path attributes remain on-touched):

- Route-Distinguisher is set to that of the |IP-VRF
- Route-target is set to the exported route-target list on |IP-VRF

-  The PMSI tunnel attribute and BGP Encapsul ati on extended
community will be nodified according to Section 8
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- Next-hop will be set to the I P address which represents the
gateway on either domain

* Source Active A-D Route: sane as joins

* S-PMBl A-D Route: these are passed to the other side to form
sel ective PMBlI tunnels per every (GS,CG fromthe gateway to the
PEs in the other domain provided it contains receivers for the
given (CGS, CGCGQG. Simlar nodifications made to joins are nade to
the newly originated S-PMSI

In addition, the Oiginating Router’s |P address is set to GNs IP
address. Milticast signaling fromto hosts on local ACs on the
gateway(s) are generated and propagated in both domains (if needed)
per the procedures in section 6 in this docunent and in [ RFC6514]
with no change. It nust be noted that for a locally attached source,
the gateway will programan O F per every domain fromwhich it
receives a renote join in its forwarding plane and different

encapsul ation will be used on the data packets.

2. Data plane inter-connect

Traffic forwardi ng procedures on gateways are the sane as those
described for PEs in Section 5 except that, unlike a non-border | eaf
PE, the gateway will not only route the inconmng traffic from one
side to its local receivers, but will also send it to the renote
receivers in the other domain after de-capsul ati on and appendi ng the
right encapsulation. The OF and IIF are programmed in FIB based on
the received joins fromeither side and the RPF calculation to the
source or RP. The de-capsul ation and encapsul ati on actions are
programed based on the received |-PMSl or S-PMSI A-D routes from

ei ther side.

The nulticast traffic fromlocal sources on each gateway may flow to
the other gateway with either of the tunnel encapsulation. But, it
is recommended to use VXLAN tunnel than MPLS in this case

Interop with L2 EVPN PEs

A gateway device is needed to do interop between EVPN PEs that
support seaml ess interop procedure specified in this docunent and
L2EVPN PEs. A tenant domain can be provisioned with one or nore such
gateway devices are known as "Seam ess interop EVPN Mil ticast Gateway
(SEM5)". PE that is configured as SEMG nmust be provisioned with al
BDs that are available in the tenant domain.
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10.

When advertising the | MET route for a BD, PE configured as SEMG
adverti ses EVPN Miulticast Flags Extended Community with SEMG fl ag
set. Gven a set of eligible PEs, one PE is selected as the SEMG
desi gnated forwarder (SEMG DF). PE should use the procedure
specified in [ RFC8584] for the SEMG DF el ecti on.

There are multiple possibilities that need to be considered here.

* L2EVPN PE may or may not have support for [RFC9251]

* Seam ess interop PE may or may not support [RFC9251]

*  Network may only have L2EVPN PE and Seanl ess interop capabl e PE

* Network may have L2EVPN PE, Seaml ess interop capable PE, and MVPN
PE.

Mul ticast sources and receivers can exi st anywhere in the network.
These usecases are di scussed bel ow.

1. Interaction with L2EVPN PE and Seamnl ess interop capabl e PE
The foll owing cases are considered in this section

* Casel: [RFC9251] is supported both at seam ess interop capable PE
and L2EVPN PE.

* Case2: [RFC9251] is supported only at seanl ess interop capable PE
* Case3: [RFC9251] is not supported at interop capable PE

[ RFC9251] support is recommended for seam ess interop capable PE
SEMS can group L2 EVPN PEs into two separate groups ( one that
supports the [ RFC9251] and anot her that doesn’t) from | MET routes
that it receives fromthe renote peers. The interop procedure for
handl i ng these two different sets of renpte L2 EVPN PEs are captured
in case 1 and 2.

Case 1: [RFC9251] is supported both at seam ess interop capable PE
and L2EVPN PE

This may be the nost common usecase.

SEM> DF has the follow ng special responsibilities on a BD for which
it is the DF.
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* Process EVPN SMET routes fromthe renote L2 EVPN PEs that support
[ RFC9251] and creates L2 multicast state. SMET route in-turn
triggers the creation of L3 nulticast state simlar to the | GW/
M.D join received on the local AC. SEMG DF exercises the MVPN
procedures for the join.

* |t should not process | GW/ M.D control packets from L2EVPN PE t hat
supports [ RFC9251].

* (Originate SVMET(*,*) route towards L2 EVPN PEs. This is to receive
traffic fromnulticast sources that are connected behind L2 EVPN
PEs.

*  \When SEMG DF receives traffic fromL2 EVPN PE on the intra-subnet
tunnel on BD- X, it does the follow ng

- Perforns FHR functionality

- Advertises the host route with L3 |abel and VRF Route-Inport
corresponds to the tenant domain.

- Sends the traffic towards the locally attached receivers.

- Sends the traffic towards L2EVPN recei ver on BDs ot her than
i ncoming BD(after multicast routing)

- Sends the traffic towards renote seanl ess interop capabl e PEs,
where receivers are attached/ connected behind that PE

*  \When SEMG DF receives traffic fromthe MVPN tunnel, it does the
fol |l owi ng

- Sends the traffic toward the IRB interfaces, where the receiver
exi sts

- BD corresponding to the IRB interfaces may have | ocal receivers
or renpte receivers behind L2 EVPN PE. SEMG DF sends the
traffic on the intra-subnet tunnel for renote receivers.

Case 2: [RFC9251] is not supported at L2 EVPN PE

This case only differs fromcase 1 in terns of the way it learns
receivers behind L2 EVPN PEs and how SEMG DF attracts traffic from
sources behind L2 EVPN PE. The rest of the procedures specified
above is applicable for this case.

SEMZ DF has the follow ng special responsibilities on a BD for which
it is the DF
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10.

*  Process | GwW/ M.D control packets fromremote L2 EVPN PEs that
doesn’t support [RFC9251] and create L2 and L3 state.

* \When an | GW/ M.D query is received on the intra-subnet tunnel on
BD- X, SEM> DF needs to send proxy | GW/ M.D reports for all groups
that it has learned fromrenote L2-EVPN PEs on that BD.

* Connecting nulticast router behind L2 EVPN PE is not recomended.
If a nulticast router is connected behind L2 EVPN PE, the BD
corresponds to the VRF tunnel needs to be configured in the L2
EVPN PE so that the PIMrouter nay get all joins that are received
in the BD corresponds to the MV/PN tunnel interface at SEMG DF.

* SEMG DF should get all multicast traffic fromL2EVPN PEs. This
may be achi eved by sending an | GW/ M.D query or PIMhello on the
intra- subnet tunnel

Case 3: [RFC9251] is not supported at seanl ess interop capable PE

The procedure for handling this use case is exactly the same as the
case 2.

Al'l seamnl ess interop capable PEs other than SEMG shoul d di scard SMET
routes that are comng fromL2EVPN PEs and nust discard all | Gw/ M.D
control packets, if any received on the intra-subnet tunnel. SEMS
shoul d di scard i ncom ng SMET routes and | GW/ M.D joi ns from L2EVPN
PEs, if it is not the DF for the incom ng BD.

When [ RFC9251] is supported both at seaml ess interop capable PE and
L2EVPN PE, selective forwarding is done based on receiver interest at
the egress-PE, when overlay tunnel type is Ingress-replication or

sel ective tunnel.

2. Network having L2EVPN PE, Seanl ess interop capabl e PE and MWPN PE

Since MWPN PE can only interact with Seam ess interop capabl e PEs,
SEMG- DF acts as FHR and LHR for sources and receivers behind L2 EVPN
PE. Only SEMG DF advertises the VPN-1P unicast route along with the
VRF Route Inport extended comunity for hosts behind L2 EVPN PE. No
addi tional procedures are required when they all co-exist.

Saj assi, et al. Expires 15 March 2026 [ Page 32]



I nternet-Draft EVPN and MVPN Seamnl ess | nterop Sept enber 2025

11.

12.

13.

14.

Connecting external Milticast networks

External multicast networks (multicast sources, multicast receivers
and PIMrouters) can be attached to any EVPN MWWPN-capabl e PEs or MPN
PEs. Muilticast network or PIMrouter can also be attached to any I RB
enabl ed interface or set of interfaces. The fabric can be used as a
Transit network for connecting the external multicast networks. Al
PIMsignaling is termnated at PE's IRB interfaces.

No additional procedures are required while connecting externa
mul ti cast networks.

TS RP options

RP can be configured in the EVPN PE itself in the tenant VRF or in
the external nulticast networks connected behind an EVPN PE or in the
MVPN network. When RPF is not |ocal to EVPN PE, EVPN PE operates in
rpt-spt node as PER procedures specified in Section 13 of [RFC6514].

EVPN fabric wi thout having any external multicast network/attached
MVPN net work doesn’t need RP configuration. A configuration option
SHALL be provided to the end user to operate the fabric in RP | ess
nmode. When an EVPN PE is operating in RP-less node, EVPN PE MUST
advertise all attached sources to renote EVPN PEs using the procedure
specified in [ RFC6514] .

In RP less mode, (CG-*, GG RPF may be set to NULL or nmay be set to
wild card interface( Any interface on the tenant VRF). 1In RP-less
nmode, traffic is always forwarded based on (CS,C G state.

| ANA Consi der ati ons

| ANA has allocated the followi ng flags for this docunent fromthe
"Mul ticast Flags Extended Conmmunity " registry under the "Border

Gat eway Protocol (BGP) Extended Conmunities" registry group avail abl e
at | ANA- BGP- EC (https://wwv i ana. or g/ assi gnnent s/ bgp- ext ended-

communi ti es/ bgp- ext ended- communi ti es. xhtm)

Bi t Nane Ref er ence

5 SEMG Thi s docunent
6 EVPN MVPN Seanl ess I nterop Supported This docunent

Security Considerations
Al'l the security considerations in [RFC7432], [RFC6513], [RFC6514]

and [ RFC9251] apply directly to this docunent because this docunent
| everages these RFCs control planes and their associated procedures.
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16.2. Informative References
Appendi x A, Supporting application with TTL value 1

It is possible that sonme depl oynents may have a host on the tenant
domai n that sends intra subnet multicast traffic with TTL val ue 1.
The interested receiver for that traffic flow may be attached to
different PEs on the sane subnet. The procedures specified in
Section 5 always routes the traffic between PEs for both intra and
inter subnet traffic. Hence traffic with TTL value 1 is dropped due
to the nature of routing.

This section discusses a few possible ways to support traffic having
TTL value 1 or traffic that requires L2 bridging behavior. An
i mpl ementati on MAY support any of the follow ng nodels.

A 1. Policy based nodel
Policies may be used to enforce EVPN BUM procedure for traffic flows
with TTL value 1. Traffic flow that matches the policy is excluded

fromseam ess interop procedure specified in this docunent, hence TTL
decrenment issue will not apply.
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A. 2. Exercising BUM procedure for VLAN BD

Servers/hosts sending the traffic with TTL value 1 nmay be attached to
a separate VLAN' BD, where multicast routing is disabled. Wen

mul ticast routing is disabled, EVPN BUM procedure nmay be applied to
all traffic ingressing on that VLANNBD. On the Egress PE, the RPF
for such traffic may be set to BD interface, where the source is

at t ached.

A. 3. Intra-subnet bridging

The procedure specified in the section enables a PE to detect an
attached subnet source (i.e., source that is directly attached in the
tenant BD/VLAN). By applying the follow ng procedure for the
attached source, Traffic flows having TTL value 1 can be supported.

- On the ingress PE, do the bridging on the interface towards the
core interface

- On the egress side, make a decision whether to bridge or route
at the outgoing interface (O F) based on whether the source is
attached to the OF s BD/VLAN or not.

Recent ASI C supports single | ookup forwarding for bridging and
routing (L2+L3). The procedure nmentioned here | everages this ASIC
capability.

PE1

Fommm e e e e oo +
S11 +---+(BD1) | 4--------- +
[\ | | I
e
R12 +---+(BD2) | | |
R + |
I I
PE2 | VXLAN. |
S + | |
R21 +---+(BD1) | | |
\ I I
| (I P-VRF)-(CORE) | |
|/ || I
R22+- - - - +( BD3) [ +

Figure 3: Intra-subnet bridging

Consi der the above picture. |In the picture
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- PE1 and PE2 are seam ess interop capabl e PEs

- S11 is a nulticast host directly attached to PE1 in BDl

- Source Sl11 sends traffic to Goup Gl1

- R21, R22 are 1 GQW/ M.D receivers for group Gl1

- R21 and R22 are attached to BD1 and BD3 respectively at PE2.

When source S11 starts sending the traffic, PEl1 | earns the source and
announces the source using MVPN procedures to the renote PEs.

At PE2, IGW/ M.D joins fromR21, R22 result the creation of (*,Gl1l)
entry with outgoing OF as IRB interface of BDl and BD3. When PE2
| earns the source information fromPELl, it installs the route (S11,
Gl1l) at the tenant VRF with RPF as the CORE interface.

PE2 inherits (*, Gl1) OFs to (S11, Gl1) entry. VWhile inheriting

O F, PE2 checks whether the source is attached to OF s subnet. OF
mat chi ng source subnet is added with a flag indicating bridge only
interface. In the case of (S11, Gl1) entry, BDl is added as the
bridge only OF, while BD3 is added as normal O F(L3 OF). PEs (PE2)
sends MVPN join (S11, Gl1) towards PEl, since it has |ocal receivers.

At Ingress PE(PEl), CORE interface is added to (S11, Gl1) entry as an
OF (outgoing interface) with a flag indicating that bridge only
interface. Wth this procedure, ingress PE(PEl) bridges the traffic
on the CORE interface. (PEl retains the TTL and source-MAC). The
traffic is encapsulated with VNI associated with the CORE interface.
PE1 al so routes the traffic for R12 which is attached to BD2 on the
sane devi ce.

PE2 decapsul ates the traffic from PEL and does an inner |ookup on the
tenant VRF associated with incoming VNI. Traffic |ookup on the
tenant VRF yields (S11, Gl1) entry as the matching entry. Traffic
gets bridged on BD1 (PE2 retains the TTL and source- MAC) since the
OF is marked as a bridge only interface. Traffic gets routed on
BD2.
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