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Abst ract

Consi der | arge networks deploying traditional PIMmulticast service.
Typi cal ly, each portion of these |arge networks have their own

mandat es and requirenents. It mght be desirable to deploy BIER
technology in sone part of these networks to replace traditional PIM
services. In such cases downstream PIM states need to be signal ed

over the BIER Donmin toward the source.

Thi s docunent specifies the procedures to signal PIMJoin and Prune
messages through a BI ER Dommi n using [ RFC9739] , enabling the
provisioning of traditional PIMservices through a Bl ER Donai n.
These procedures are valid for forwarding PIM Join/Prune nmessages to
the Source (SSM or Rendezvous Point (ASM .

Status of This Meno

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

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

wor ki ng docunents 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 num of six nonths
and may 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 4 Septenber 2025.
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1. Introduction

It mght be desirable to sinplify/upgrade sone part of an existing
mul ticast network to BIER technol ogy, replacing existing | egacy

mul ticast protocols |like PIM This repl acenent of protocols should
be done with mininuminterruption or disruption to the other parts of
the network. This docunment specifies procedures for signaling
mul ti cast Join and Prune nessages over the BIER domai n using

[ RFC9739]. The portion of the network that still is using |egacy PIM
protocol can be termnated at BIER edge routers and only PIM Join/
Prune signaling messages are transported over the BlIER network as per
[ RFC9739]. These signaling nessages are forwarded upstream through
the BIER network and toward the Bl ER edge routers on path to the

Sour ce or Rendezvous point.

2. Conventions used in this document

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

2. 1. Definitions

An understandi ng of the BIER architecture [ RFC8279] and the rel ated
term nology is expected. The followi ng are some of the new
definitions used in this docunent.

BBR:

Bl ER Boundary router. A router between the PI M domai n and Bl ER
domai n. Maintains PIMadjacency for all routers attached to it on
the PIMdomain and term nates the PI M adjacency toward the BIER
domai n.

| BBR:

I ngress Bl ER Boundary Router. An ingress router from signaling point
of view. It maintains PIM adjacency toward the PI M domai n and
signal s Joi n/ Prune nessages across the BIER domain to EBBR as needed.

EBBR:

Egress BI ER Boundary Router. An egress router in BlIER domain from
signaling point of view It maintains PIMadjacency to all upstream
PIMrouters. It terminates the BIER signaling packets and creates
necessary PI M Joi n/ Prune nessages into Pl M Domai n.

Bi dgoli, et al. Expi res 4 Septenber 2025 [ Page 3]



I nternet-Draft PI M Si gnal i ng Through BI ER Core March 2025

3. PIMSignaling Through BI ER domain

BBR BBR b
| --PI'M Domai n--|----- Bl ER donmmi n----- | --PI' M domai n- - |
S-(A)---------- (B) ----(C) ---- (D)---------- ( E)--h
EBBR | BBR
Sig <----- PIM----|<------ Pl M Light----- | <----PIM-----
(new) Bl ER- Tunnel i ng
BFI R BFER
————————————— >--------BlIER-------->|-------------> Datapath

(no change)
Figure 1: BIER boundary router

Figure 1 illustrates the operation of the Bl ER Boundary router (BBR).
BBRs are connected to PIMrouters toward the PI M domai n and Bl ER
routers toward the BIER domain. PIMrouters in Pl Mdonain continue
to send PIMstate nessages to the BBR The BBRs will create a PIM
Light Interface (PLI) between each other. PLI is defined in

[ RFC9739]. This PLI can be created via configuration or
automatically and it will be used to forward the PIM Joi n/ Prune
messages between the PI M dormains. Each BBR deternines the Join or
Prune nessage needs to be transmitted via the PLI through the BIER
domai n. The PLI packets are transmitted between BBRs with Bl ER
header and is tunnel ed through the BIER domain as it is explained in
upcom ng secti ons.

The term nol ogy ingress BBR (I BBR) and egress BBR (EBBR) is relative
only froma signaling point of view

The egress BBR will deternmine if the arriving Bl ER packet is a PIM
Li ght signaling packet and if so it will generate a Pl M Join/Prune
packet toward its attached PI M domain.

The new procedures in this document are only applicable to signaling
and there are no changes from datapath point of view

3.1. Ingress BBR procedure

The I BBR naintains a PIM adjacency [ RFC7761] with any PIMrouter
attached to it on the PI M donain.

VWhen a PIM Join or Prune nmessage is received, the |BBR determ nes
whet her the Source or the Rendezvous Point (RP) is reachabl e through
the BIER donmain. The EBBR is the BBR through which the Source of the
Multicast streamor RP is reachable. In PIMterns [RFC7/761], the
EBBR i s the RPF Nei ghbor, and the RPF Interface is the BIER "tunnel"
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used to reach it. The nmechanisns used to find the EBBR are outside
the scope of this docunent and there can be many mechani sm dependi ng
on if the Source of the Milticast streamor the RP are in sane area
or autononobus system (AS) or in different area or AS. Sone exanples
are provided in Appendix A

On the IBBR, |If the | ookup for Source of Milticast streamor RP
results into multiple EBBRs, different 1BBRs coul d choose different
EBBRs for the same flow based on their |ocal hashing algorithm On
downstreamthese EBBRs will send traffic to their correspondi ng

| BBRs.

After discovering the EBBR and its BFR-id, the | BBR MIST use the BIER
Information Vector (Section 3.1.1) which is a PIM Join/Prune
Attribute type in the "Upstream Nei ghbor Address" field as specified
in [RFC7887]. This Join/Prune Attribute type applies to all source
and groups in the Join/Prune nessage. The EBBR uses this PI M Join/
Prune attribute or the BIER header itself to obtain the necessary
BIER information to build its nulticast state. since EBBR and | BBR
are using a PLI for signaling PIMJ, as per [RFC9739] section 3.2.1
bot h BBRs MJUST support this new Join Attribute as part of their PIM
Li ght capabilities and MUST NOT di scard the Join/Prune Attribute.

The signaling packet, in this case a PIM Join/Prune nessage, is
encapsul ated in the Bl ER Header and forwarded through the BIER domain
to the EBBR. The source address of the PI M packets MJST be set to

I BBR | ocal BFR-prefix. The destination address MJST be set to ALL-

Pl M ROUTERS [ RFC7761] .

The IBBRwill track all the PIMinterfaces on the attached Pl M donmin

which are interested in a certain (S,G. It creates nulticast states
for arriving Join messages from Pl Mdomain, with incomng interface
as BIER "tunnel " interface and outgoing interface as the PIM domain

interface(s) on which PIMJoin(s) were received on.
3.1.1. New PimJoin Attribute, BIER Information Vector

The new PI M Join/Prune Attribute " BIER Information Vector" is
defined as foll ow based on [ RFC7887]

0 1 2 3
01234567890123456789012345678901
i R L s e T e R h th s i S SR N S
| Fl E| Attr_Type | Length | Addr Family | BIER info

B i T o T il i S S I S S S S i S S S

Figure 2: PIMJoin Attribute
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F bit: Transitive Attribute, as specified in [RFC7887]. MJIST be set
to zero as this attribute is always non-transitive. |f EBBR receives
this attribute type with the F bit set it nust discard the Attribute.

E bit: End of Attributes, as specified in [ RFC7887]
Attr_Type: TBD assign by | ANA

Length: Length of the value field, as specified in [RFC7887]. MJST
be set to the length of the BIER Info field + 1. For IPv4 the length
is 8 and 20 for IPv6. Incorrect |length value conpare to the Addr
Fam |y nust be discarded.

Addr Family: PIMaddress famly as specified in [ RFC7761].
Unr ecogni zed Address Fam |y nust be di scarded.

0 1 2 3
01234567890123456789012345678901
T S D S T O T o S
~ I BBR Prefix |Pv4 or | Pvb ~
B i s T T i i o S o T Ji I
| sub-domain-id | BFR-i d |
T g T S S g S TS

Figure 3: PIMJoin Attribute detail
BIER Info: IBBR s BFR-prefix (IPv4 or 1Pv6), sub-domain-id, BFR-id
3.1.1.1. BIER packet construction at the |IBBR

The BI ER header will be encoded with the BFR-id of the IBBR(with
appropriate bit set in the BitString) and the PI M Light signaling
packet is then encapsulated in the packet.

01234567890123456789012345678901
I S i o T s S S S e s s T
| Bl FT-id | TC |9 TTL |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Nibble | Ver | BSL | Ent r opy |
B T S i T s i i e e SEI S
| OAM Rsv| DSCP | Proto | BFIR-id |
I S i o T s S S S e s s T
| BitString (first 32 bits) ~
B i aT T e e o S o S S S I T et sl o ST S S S S S S
B T S i T s i i e e SEI S
~ BitString (last 32 bits)

I S i o T s S S S e s s T
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Fi gure 4: BIER header
Bl ERHeader. Proto = PIM Addrress Fam |y
Bl ERHeader . Bit String= Bit corresponding to the BFR-id of the EBBR

Bl ERHeader . BFIR-id = BFR-1d of the BBR originating the encapsul ated
signaling packet, i.e. the IBBR

Rest of the values in the BIER header are determ ned based on the
network (MPLS/ non-MPLS), capabilities (BSL), and network
configuration.

3.2. PIMLight tunneling procedure

When PIM Light is encapsulated with the Bl ER header, the BIER
forwardi ng procedure is according to [ RFC8279]. No BIER router
SHOULD examine this PI M Light signaling packet or nodify the
signaling packet. As such there is no multicast state built in the
Bl ER domai n.

The PI M Light signaling packet will be forwarded through the Bl ER
domain until it reaches the EBBR that is indicated by the

Bl ERHeader . Bitstring. Only this targeted EBBR router will renove the
Bl ER header and exami ne the PIM Light I Pv4 or |Pv6 signaling packet
further as per EBBR Procedure section.

3.3. EBBR procedure

EBBR renoves the BlI ER Header and determine this is a PIMLight
signaling packet arriving on a PLI. The received signaling packet,
Joi n/ Prune nessage fromthe PLI is processed as per [RFC9739]

The EBBR will build a forwarding table for the arriving (S, G using
the obtained BFIR-id and the Sub-Domain information from Bl ER Header
and/or the PIMjoin Attributes added to the signaling packet. For a
specific Source and Goup, EBBR MUST track all the interested | BBRs
via signaling nessages arriving fromthe Bl ER Domain. EBBR buil ds
its (S,G forwarding state with inconmng interface (I1F) as the
Reverse Path Forwarding (RPF) interface (in attached PIM donain)
towards the source or rendezvous point. The outgoing interfaces are
BIER tunnels to the tracked IBBRs interested in that (S Q.

The EBBR nmai ntains a PIM adj acency [ RFC7761] with any PIMrouter

attached to it on the PIMdomain. At this point the end-to-end
multicast traffic flow setup is conpl ete.
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4. Datapath Forwarding
4.1. Datapath traffic flow

When nmulticast data traffic arrives on the BFIR (EBBR) it forwards
the traffic, through the BIER donain, to all interested |BBRs

foll owi ng the procedures specified in [ RFC8279]. The BFER(S)
(IBBR(s)) also follow the procedures in [RFC8279] and forward the
mul ti cast packet through its outgoing interface(s).

5. Pl M SM behavi or

The procedures described in this docunent can be used with Any-Source
Mutlicast (ASM as long as a static Rendezvous Point (RP) or enbedded
RP for IPv6 is used[ RFC3956].

In case of PIM ASM Static RP or enbedded RP for | Pv6 the procedure
for hosts joining RP is the same as procedures explained in this
docunent. It should be noted that for ASM the EBBRs are determn ned
with respect to the RP instead of the source.

As per [RFC9739] since PIMHellos and Asserts are not supported on a
PLI, functionality related to these type of nessage will not be
possi bl e through a BI ER domain. Future docunents may cover these
scenari o0s.

6. Applicability to MVPN

Wth just mnor changes, the above procedures apply to MVPN as wel |,
wi th BFI RF BFER/ EBBR/ | BBR being VPN PEs. All the PIMrel ated
procedures, and the deternination of EBBR happens in the context of a
VRF, follow ng procedures for Pl M MPN

Each VPN is provisioned with a sub-domain-id and a | abel fromthe
default | abel space consistently across all PEs in the VPN, to be
used for PIMsignaling and data plane (i.e., Default MDT [ RFC6037] or
| -PMSI [RFC6514]). This is analogues to that a nulticast group
address is configured for each VPN

The sub-donmmin-id and the VPN-identifying | abel MAY al so be

i ndependent |y assigned by each PE. A Data MDT (or S-PMsSlI) MAY use
the same sub-donain-id and | abel as in the Default MDT (or |-PNMSI),
or in sonme cases it is desired to use a different sub-domain-id and

|l abel. In these cases, x-PMSI signaling specified in [ RFC8556] MUST
be used. The Leaf Information Required flag MIST be set to O because
the leaf information will be signaled via PIMjoins. For |abel

optinm zation space [ RFC9573] can be used.
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10.

When a PI M Joi n/ Prune nmessage arrives from Pl M donmai n attached to the
VRF (IBBR), and it is deternined that the source is reachable via the
VRF t hrough the BIER domain, a PIMsignaling nessage is sent over a
PLI via BIER to the EBBR, using the IBBR s BFR-prefix as the source
address. In this case usually the PE term nating the PIMMWPN is the
EBBR. The | abel (provisioned, or signaled fromthe EBBR) is inposed
before the BI ER header is inposed (corresponding to the provisioned
or signal ed sub-domain-id), and the "proto" field in the Bl ER header
is set to 1 (for "MPLS packet with downstream assi gned | abel at top
of stack"). Wien the EBBR recei ves nessage, the | abel after the BIER
header will direct the nessage to the correspondi ng VRF.

Note that the join/prune nmessages do not include the attrbute that
specifies the BIER informati on. The EBBR knows the sub-domain-id
fromits own provisioning (even when different sub-domains are used
on different PEs for the sane VPN), and derives the BFR- 1D of the

I BBR fromthe source address based on BI ER signaling.

When a nulticast data packet is sent via BIER by an EBBR/ BFIR, the

| abel is inposed before the BIER packet is inposed, and the "proto"
field in the BIER header is set to 1 (for "MPLS packet with
downstreant assi gned | abel at top of stack"”) if the |abel is assigned
to the VPN consistently on all VRFs, or set to 2 if the label is
assi gned i ndependently on each PE.

Note that the "BIER Informati on Vector PIM Join Attribute" is not
used for MPN

| ANA Consi der ati ons

I ANA is requested to assign a value (TBD) to the BIER Infornation
Vector PIM Join Attribute fromthe PIMJoin Attribute Types registry

Security Considerations
The procedures of this document do not, in thenselves, provide
privacy, integrity, or authentication for the control plane or the
data plane. For a discussion of the security considerations
regarding the use of BIER, please see [ RFC8279] and [RFC8296]. The
security consideration for [ RFC7761] aslso apply.
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endix A. Determ ning the EBBR

Thi s appendi x provi des sone exanpl es of routing procedures that can
be used to determine the EBBR at the |BBR

Li nk- St at e Protocol s

On | BBR SPF procedures can be used to find the EBBR cl osest to the
source.

Assum ng the BIER domain consists of all BIER forwarding routers, SPF
calculation can identify the router advertising the prefix for the
source. A post process can find the EBBR by wal king fromthe
advertising router back to the IBBR in the reverse direction of
shortest path tree branch until the first BFR i s encountered.

I ndi rect next-hop

Al ternatively, the route to the source could have an indirect next-
hop that identifies the EBBR These nethods are explained in the
foll owi ng sections.

1. Static Route

A static route to the source can be configured on the IBBR with the
next-hop set as the EBBR s BFR-prefix.

2. Interior Border Gateway Protocol (iBGP)
Consi der the foll ow ng topol ogy:
EBBR | BBR
| --PI'M Domain--|----- Bl ER domai n----- | --PI' M domai n- - |
S-((A)--momooie- (B) -==- (C) -==- (D)---mmnn-- ( E)--h

Figure 5: Static Route
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Suppose BGP is enabl e between EBBR (B) and IBBR (D) and the PIM
Domain routes are redistributed to the BIER domain via BGP

perform ng next-hop-self for these routes. This would include the

Mul ticast Source |IP address (S). In such case BGP should use the
same next-hop as the EBBR BIER prefix. This will ensure that all PIM
domai n routes, including the Miulticast Source |IP address (S) are
resolve via EBBR s BI ER prefix address. Wen the host (h) triggers a
PIMjoin message to IBBR (D), IBBR tries to resolve (S). It resolves
(S) via BGP installed route and realizes its next-hop is EBBR (B).

A. 3. Inter-area support

If each area has its own BI ER sub-domain, the above procedure for
post- SPF coul d identify one of the ABRs and the EBBR. |If a sub-
domai n spans multiple areas, then additional procedures as described
in A 2 is needed.

A.3.1. Inter-area Route summari zati on

In a nulti-area topol ogy, a Bl ER sub-donmain can span a single area
Suppose this single area is constructed entirely of BIER capabl e
routers and the ABRs are the BIER Boundary Routers attaching the BIER
sub-domain in this area to PIMdomains in adjacent areas. These BBRs
can summarize the PIMdonmain routes via summary routes, as an exanpl e
for OSPF, a type 3 summary LSAs can be used to advertise sumary
routes froma PIMdonain area to the BIER area. 1In such scenarios
the 1 BBR can be configured to | ook up the Source via | GP database and
use the sunmary routes and its Advertising Router field to resolve
the EBBR. The |IBBR needs to ensure that the | GP summary route is
generated by a BFR  This can be achi eved by ensuring that Bl ER Sub-
TLV exists for this route. |If multiple BBRs (ABRs) have generated
the sane sunmary route the | owest Advertising Router |P can be

sel ected or a vendor specific hashing algorithmcan select the
sunmary route from one of the BBRs.
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