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Abst ract

Thi s docunent defines a BIER proxy function to support one single

Bl ER sub-domai n over nultiple underlay routing protocol regions

(Aut ononpbus Systens or |IGP areas). A new BIER proxy range sub-TLV is
defined to redistribute BIER BFR-id informati on across the routing
regi ons.

Requi renent s Language

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC2119.

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 22 February 2026.
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1. Introduction
[ RFC8279] introduces a novel mnulticast architecture. It does not

require a signaling protocol to explicitly build multicast
distribution trees, nor does it require internediate nodes to
mai ntain any per-flow state.

OSPF/ | SI S/ BGP signaling for BIER [ RFC8401], [RFCB8444], [RFC9793],
[1-D.ietf-bier-ospfv3-extensions],
[I-D.ietf-bier-Isr-non-npls-extensions] define the extensions to
support BIER information distribution in BlIER donains.
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Thi s docunent defines a BIER proxy function to support one single
Bl ER sub-domai n over nultiple underlay routing protocol regions
(Aut ononpbus Systens or | GP areas).

2. Term nol ogy

The term nol ogies are the same with the definition in BIER
architecture [RFC8279], OSPF/ISI S/ BGP signaling for Bl ER [ RFC8401],
[ RFC8444], [RFC9793], [I-D.ietf-bier-ospfv3-extensions].

3. Probl em st at enent

BI ER [ RFC8279] is a new nulticast architecture that does not need
per-tree state inside a network for nulticast forwarding. BIER
forwarding state (which is not per-tree) is built according to a
routing underlay, which is defaulted to an | GP donai n t hough not
limted to that. 1In this routing underlay, BIER information |like
Bl ER-prefix, BFR-id, subdonain-id, and encapsul ation i s propagated
using I GP or BGP as specified in documents such as [ RFC8401],

[ RFC8444], [RFC9793], [I-D.ietf-bier-ospfv3-extensions],
[1-D.ietf-bier-Isr-non-npls-extensions].

In sone depl oynent situations, different routing protocols may be
used in differet parts of a network yet there are just small nunber
of BFERs in each protocol domain, so one single BlIER sub-domain is
desired. This requires BIER information redistribution anong
different regions or protocols, as described in the follow ng two
secti ons.

3.1. Miltipe | GP domains
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Figure 1

VWil e one could treat each I GP domain in the above network as one
separ ate Bl ER sub-domain, the border routers R3/R4 woul d need
decapsul at e i ncom ng Bl ER header in one BIER sub-domain, forward
based on flow overlay per-tree state, and re-ecapsulate with a BIER
header for forwarding in one next BIER sub-domain. This not only is
inefficient in forwarding, but also require per-tree state on the
border routers, which is undesired.

A better solutionis to treat the entire network of nultiple IGP
domai ns as one single BlIER sub-domain with one single routing
under| ay.

3.2. Seanl ess MPLS Net wor k

Figure 1 could also depict a Seam ess MPLS

[1-D.ietf-npls-seam ess-npls] network, where BGP-LU [ RFC8277] is used
to distribute routes for edge routers (e.g. Rl/R2/ R Rn/Rx/ Ry) anobng
the edge routers and border routers (e.g. R3/R4), but those routes
are not redistributed into other | GP areas/domains. Wth that,
internal routers in an area/domain will only have routes to |oca
nodes, yet they still need to build BIER forwardi ng state for BFERs

i n other areas/domains.
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4.

Proposed Sol ution

For the nmultiple | GP domains scenario in Section 3.1, BIER
informati on from one domain needs to be redistributed into another
domain, like that BIER information is redistributed fromone |GP area
to another as specified in [ RFC8401], [RFC8444], and
[1-D.ietf-bier-ospfv3-extensions].

Specifically, when an ASBR redistributes BIER prefixes for BFERs from
one protocol domamin to another, BIER information is al so

redi stributed except the encapsul ation informati on (because BFRs in
one domain will not directly send Bl ER packets to BFRs in the other
domain so only the BFR-1Ds of the BFERs matters). Wen BIER prefixes
for non-BFI R BFER (i.e. whose BFR-ID is 0) are redistributed, BlIER
information is not redistributed.

If route summarization is used, because a summarized prefix nay cover
many BFERs, the BFR-1Ds of those covered BFERs needs to be explicitly
listed in proxy range sub-TLV (see Section 5.2). In case of Seam ess
MPLS (Section 3.2), when a border router advertises BIER informtion
for itself in one area/domain, it also explicitly lists the BFIRs/
BFERs in other areas/donmins that are reachable via itself in the
proxy range sub- TLV.

In figure 1, R3/R4 connects two routing domains. After R3 receives
BIER i nformation for RMRn fromdomain 2 and redistribute to domain
1, BFRs in domain 1 can build BIER forwarding state for BFERs in
domain 2 through R3. Simlarly, R3 receives BIER information for R/
R2 fromdomain 1 and redistribute into domain 2. BFRs in domain 2
can build BIER forwarding state for BFERs in domain 1 through R3.

For exanple, in this network, suppose that Rm and Rn have the prefix
of 203.0.113.1/32, 203.0.113.2/32. 1In order to build one BIER sub-
domai n whi ch includes these three | G° domains, R3 advertises the BFR-
ids of RMMRn with associated prefixes (203.0.113.1/32,
203.0.113.2/32) into the upper domain. Sinmilarly, R4 advertises the
BFR-ids of Rx/Ry with associated prefixes (198.51.100. 1/ 32,
198.51.100.2/32) into the upper donain too.

And R3/ R4 advertises the prefixes of Rl and R2 (suppose that the
prefixes are 192.0.2.1/32 and 192.0.2.2/32) with associated BFR-ids
into IGP domain 1 and dormain 2. Also, R3 advertises the prefixes

| earned fromR4 (198.51.100.1/32, 198.51.100.2/32) with associated
BFR-ids into IGP domain 1. R4 also advertises the prefixes
(203.0.113.1/32, 203.0.113.2/32) with associated BFR-ids into I GP
domain 2.
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Obviously, in order to build one |arge Bl ER sub-donain, the BFR-id of
edge router in each | GP domain MUST NOT overl ap.

5. Specifications
5.1. Redistribution of BIER Information

Consi der one Bl ER sub-domain that spans multiple routing domains.
The procedures in this section apply if a border router, which is
also a BFR, redistribute routing information from one routing domain
i nto anot her.

If a redistributed route is for a host route for a BFI R/ BFER (i.e.
the BFR-ID is not zero) in one same sub-domain, BIER information for
the BFI R/ BFERs MJUST be advertised in the target routing domain as
fol | owi ng:

* |f the target routing domain is OSPFv2, a BIER Sub-TLV [ RFC8444]
is attached to the OSPFv2 Extended Prefix TLV in the OSPFv2
Ext ended Prefix Opaque LSA [ RFC7684] corresponding to the
redi stributed host route.

* |f the target routing domain is OSPFv3, a BIER Sub-TLV
[1-D.ietf-bier-ospfv3-extensions] is attached to the OSPFv3
Ext ended LSA TLVs in the Intra-Area-Prefix TLV [ RFC8362].
corresponding to the redistributed host route.

* |f the target routing domain is ISIS, a BIER Info Sub-TLV
[ RFC8401] is attached to the TLVs of 235, 237, [RFC5120], 135
[ RFC5305], or 236 [ RFC5308].

* |f the target routing domain is BGP, a BIER TLV [ RFC9793] is
attached to BGP Path Attribute.

The Bl ER Sub-TLV (in case of OSPF2 and OSPFv3), BIER Info Sub-TLV (in
case of IS-1S) and BIER TLV (in case of BGP) are encoded as specified
in [RFC8444], [I1-D.ietf-bier-ospfv3-extensions], and [ RFC8401], and

[ RFC9793]. The encapsul ati on sub-TLV SHOULD NOT be incl uded because
it would not be used.

If aredistributed route is for a host route for a transit BFR (i.e.
the BFR-ID is zero), BIER information for the BFR SHOULD NOT be
redistributed, because it would not be used.

If the redistributed route is a sunmary or default route that covers
sonme BFI R/ BFERs, a BIER Sub-TLV (for OSPFv2 and OSPFv3), or a BIER
Info Sub-TLV (in case of IS-1S), or a BIER TLV (in case of BGP) MJST
be used to advertise the covered BFI Rs/BFERs via the Bl ER proxy range
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sub-TLV as specified in the follow ng section. The proxy range sub-
TLV MAY al so be used when the BIER prefix is for a border router via
whi ch nul tiple BFERs can be reached.

5.2. BIER proxy range sub-TLV

The BI ER Sub-TLV can include a proxy range sub-TLV, which lists
BFI Rs/ BFERs covered by a prefix or a sunmary/default route or
reachabl e via a BFR

0 1 2 3
01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type | Length | resv |
el i I e i it T e e e e i i T o S e e S e T R R
| BFR-id | BFR-id range |

R i T I e T S S e S TR S T e i I S e S e e e e o o

B T I e R i i i T S S e e I e ik oI I S S e S S

| BFR-id | BFR-id range |

el i I e i it T e e e e i i T o S e e S e T R R
figure 2

* Type: 8-bit unsigned integer. TBD to indicate the BIER proxy
range sub- TLV.

* Length: 8-bit unsigned integer. Length of the BIER proxy range
sub-TLV in 4-octet units, not including the first 4 octets.

* resv: 16-bit unsigned integer. The reserved field.

* BFR-id: 16-bit unsigned integer. The first BFRid fromorigina
adverti sement.

* BFR-id range: 16-bit unsigned integer. The range of BFR-ids with
one subdonai n-i d.

The Bl ER proxy range sub-TLV is included in the Bl ER Sub-TLV for an
aggregated/ summary route prefix or default route prefix, or in the

Bl ER Sub-TLV for a BIER prefix (i.e., a border router in a Seamnl ess
MPLS network). Muiltiple BIER proxy range sub-TLVs MAY be included in
t he Bl ER Sub- TLV.
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The range in the BIER proxy range sub-TLV can be as granular as to
advertise individual BFR-ids. Though a |arger range can increase
adverti senent efficiency, that requires careful planning for BFR-id
assi gnnent .

When the proxy range sub-TLV is used, the mappi ng between a BIER
prefix and its BFR-id is no | onger conveyed in the routing underl ay.
As a result, the mapping nmust be provided by other means, e.g. in the
mul ti cast overl ay.

There may be multiple border routers connecting two regions and the
same BFR-ID may be advertised in Proxy Range sub-TLVs fromnultiple
border routers. This is fine because the border routers are just
advertising that the BFER represented by the BFR- 1D can be reached
t hrough t hem

5.3. BIRT/BIFT Cal cul ation

If a BFR receives a BIER prefix whose BI ER Sub-TLV i ncl udes a proxy
range sub-TLV (i.e., the Seam ess MPLS scenario), it treats as if
that the originator advertised a default route with the proxy range
sub-TLV. Note that this imaginary default route is only for the
pur pose of building BIRT/BIFT entries and not used for unicast

f orwar di ng.

Wth the BIER prefixes originated in the |local routing areal/domain,

the BIER prefixes and sunmary/default routes redistributed into the
| ocal routing area/donmmin, and the inmagi nary default route nentioned
above, a BFR builds BIRTs as specified in [RFC8279] with entries

i ncludi ng host/summary/default prefixes.

BI FT entries are then derived froma corresponding BIRT. For a BFER
covered by the proxy range sub-TLVs associated with the summary/
default prefixes (whether or not the deafult prefix is the imginary
one as nentioned above), its BIFT entry is derived fromthe sunmary/
default prefix entry in the BIRT. It is possible that a BFR-ID for a
BFER is listed in the proxy range sub-TLV of multiple prefixes. if
one prefix is |l ess specific than another, it is not considered for
the BFER. O all the renaining prefixes whose proxy range sub-TLV
covers a BFR-ID, the one with the preferred cost/netric MJST be used
to derive the BIFT entry for the BFER  Wen there is a tie, ECWP or
tie-breaker MAY be used.
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Wth this scheme, even though the BIER prefixes are not advertised
into the IGP for an area/domain in a Seam ess MPLS network and

uni cast traffic for those BIER prefixes are tunnel ed through,
corresponding BIFT entries are nmintained inside the areal/donain for
the purpose of efficient BIER forwarding. Qherw se, BlIER forwarding
t hrough the area/domain woul d be tunneled just |ike unicast case.

6. | ANA Consi der ati ons

I ANA is requested to set up new types of sub-TLV (TLV) registry val ue
for BIER proxy range advertisenment in OSPF, |SIS, BGP, etc.

7. Security Considerations

I mpl enent ati ons nmust assure that mal forned TLV and Sub- TLV
pernutations do not result in errors which cause hard protocol
failures.
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Appendi x A.  Proxy range sub-TLV usage

This appendix is to make the function understood nore easily. Except
for inter-area case, the function is also suitable for inter-as case.
In the sane exanple of figure 1, in case there are 40 edge routers in
domain 1, the BFRids of domain 1 start from51 to 90, and the
prefixes of these routers start from 203.0.113.1/32 to
203.0.113.40/32. These assigned BFR-1Ds are not overlapped with the
BFR-1Ds in any other domain.

In order to build one BIER sub-donmain across these areas, the two
adverti senent nethods defined in Section 5.2 can be used:

* As a transit node, R3 advertises the BlIER sub-TLV with BFR-ID set
to 0. Wen R3is not allowed to advertise the summary or specific
prefixes into the upper domain, R3 can advertise the proxy range
sub-TLV with the host prefix directly. So there are two sub-TLVs
advertisement associated with the host prefix of RS3.

* As a transit node, R3 advertises the BlIER sub-TLV with BFR-ID set
to 0. Wen R3is allowed to advertise the sunmary prefix into the
upper dommin, R3 can advertise the proxy range sub-TLV with the
sunmmari zed prefix, 203.0.113.0/24, with the BFR-id set to 51, the
BFR-id range set to 40, into the upper domain. |In this case,
there are two prefixes advertised by R3. But the sumary prefix
can not be used to encapsul ate Bl ER packet directly in case of
tunneling case. The summary prefix is only used to generate the
Bl FT.

Then the router in the uppler domain can build the BIER forwardi ng
tabl e, the nexthops of BFR-IDs in the proxy range sub-TLV are set to
R3.

The sane function is also applied to R4 when it advertises the BFR-

IDs to the upper domain. This nethod is also applied to R3/R4 when
it advertises the BFR-I1Ds to the | ower domain. Wen R3 advertises
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the prefixes fromthe upper domain and domain 2 into domain 1, except
the host prefix of R3 with BFR-ID set to 0, R3 may advertise only the
default route into domain 1 if one or nore continuous BFR-id range
can be attached. Suppose that the BFR-id in the upper dommin starts
from 1001 to 1050, the BFR-id in domain 2 starts from 201 to 250, and
these ranges are not overlapped with the ranges in any other donain.
Suppose that the sub-domain IDis 1, the BIER proxy range sub-TLV nay
be advertised like this:

0 1 2 3

01234567890123456789012345678901
R e o T T e S S T ol S i T S s ik i I S I S S R S R
| TBD | 2 | 1 | 0 |
B i s T T i i o S o T Ji I
| 1001 | 50 I
R e s T o T S R El ok i R e e S S e o o s
| 201 | 50 I
R e o T T e S S T ol S i T S s ik i I S I S S R S R

figure 3

Then the BIER overlay is built anong Rl, R2, Rm Rn, Rx and Ry. R3
and R4 need not maintain the nulticast overlay states. The optinized
summary/ aggregated or default prefix can be generated by the
operation policy which is configured by the network adninistrator.

If two or nore ABRs in one domain are used to reistribute the prefix,
for exanple in figure 4 bel ow
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Figure 4

As the ABRs, except the host prefixes of R3 and R5 advertisenent, R3
and R5 can both advertise the proxy range sub-TLV with their host
prefix, the routers can select one of themas the nexthop, or select
both of them for ECWP.

If R3 and R5 are allowed to advertise the sunmary prefix received
fromthe upper domain. They can advertise the same sumary prefixes
or the different prefixes according to the operation policy. Wen
they advertise the sane summary prefixes, the R3 and R5 can al so be
used for ECMP. Wien they advertise the different summary prefixes,
the nore specific prefixes are used to generate the BIER forwarding
table. Whatever the sanme or different prefixes are advertised, the
nexthop is set to R3/R5.

In case the range of BFR-ids in one donmain is overlapped with the
BFR-ids in any other domain, the proxy range sub-TLV may not be used.
In the same exanple above, if the BFR-ids in domain 1 are 21, 31, 41,
etc., the BFR-ids in domain 2 are 22, 32, 42, etc., even if the
summari zed prefixes are not overlapped with the prefixes in any other
domai n, when R3 advertises the summarized prefixes in domain 1 into
the upper donmin, the proxy range sub-TLV nmay not optinize the
adverti senent.

After the forwarding plane is built, the nexthop of the range BFR-1Ds
is set to the ABRrouter. For exanple, when Rl receives nulticast

packet, and the receivers of this flow are connected by Rmand Rx, Rl
encapsul ates BI ER header in front of the flow packet with BFR-ids set
to Rmand Rx. The routers in the upper donmain forward the packet to
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the ABR routers: R3, R4 and R5. Wien R3/R4/R5 receives the packet,
R3/ R4/ R5 needs not decapsul ate and re-encapsul ate the packet. R3/R4/
R5 just forwards the packet according to the BIER forwarding table.
Simlar with the upper domain, the routers in | ower domain forward
the packet to the edge routers: Rmand Rx. When the packet reaches
Rm and Rx, Rmand Rx renove the BIER header and forward it to
receivers.
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