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Abst r act

Thi s docunent proposes experinmentation to evaluate benefits and
feasibility of an I Pv6 routing extension header based architecture,
i npl ement ati on and depl oynent of stateless |Pv6 multicast
specifically for 1Pv6 only networks using SRv6 for |IP unicast.

Thi s experinentation intends to explore options to support easier
proliferation of technol ogi es devel oped by Bl ER-WG by providing an

| Pv6/ SRv6 network optim zed packet header and per-hop forwarding
mechani sms than BIERin6. It al so discusses how this work related to
expl oring advanced i n-packet tree encodi ng nechani sns for both |Pv6/
SRv6 networks as well as BIER networks as a related effort.

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/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and nmay 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 January 2026
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1. Overview

Thi s docunent proposes experinmentation to evaluate benefits and
feasibility of an I Pv6 routing extension header based multicast
forwardi ng. Experinentation should include inplenmentation and
experinental deploynent to evaluate the feasability and benefits of
this approach for IPv6 only networks, especially those using SRv6 for
uni cast conpared to alternative approaches such as using
[1-D.ietf-bier-bierin6].
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Thi s docunent is nostly neant to be a process docunent to vet support
for the direction, and if that exists, it would be foll owed up by an
appropriate |1 Pv6 extensi on header draft proposal as well as other
deened necessary docunents, such as an architectural docunent to
describe howo apply the SRv6 SID semantic to the addresses used (or
i ndi cated) vby the | Pv6+extension header for stateless nulticast.

The new | Pv6 routing extension header would initially be using using
one or two of the [RFC4A727] Experinment Routing Types (253, 254).
Upon successfull conpletion of experinmentation, assignnent of a

per manent Routing Type coul d be requested.

The new routing extension header should inherit all re-useable
aspects of the pre-existing unicast routing headers (RPL source route
header and SRH), so that no unnecessary re-invention of already
appl i cabl e SRv6 technol ogy is done.

Li kewi se, the new routing extension header should in one option

expl ore how to best re-use the | ETF Bl ER established statel ess

mul ticast forwarding architecture, [RFC3279] while also conplying to
[ RFC8200], and only exceeding it, when seen beneficial

Experinmentation is also nmeant to investigate how nultiple different
encodi ngs of the stateless nmulticast forwarding information could
best be encoded in such multicast routing extension header options;
these are henceforth called MRH - Milticast Routing Header.

For exanple, different encodi ngs could use different Routing Type
code points as used for exanple across the different conpressed

uni cast routing header options such as CRH 16, CRH 32. [|n another
option, different encoding options could be selected froma further
code-point within a single MRH Routing Type header.

The experinentation should include two different encodi ng options.
One is the aforenentioned [ RFC8296] architecture based statel ess
mul ticast forwarding information (bitstring plus netadata).

The second encodi ng should be an initial proposed encoding for

statel ess tree encoding within the MRH, such as derived from but not
necessarily [I1-D. eckert-pimrts-forwarding]. Note that like also in
uni cast SRv6 and its various fornms of conpressed routing header
options, ultinmely different type of networks nay prefer different
encodi ngs for nulticast, and hence ensuring the design for
extensibility is one core goal of this experinentation

Thi s docunent does not (yet) propose an exact |ist of target

docunents required to performthe experinent or which Wit should
best happen, but observes the foll ow ng:
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* B6MAN-WG i s the responsible working group for 1 Pv6 extension
headers, but it requires a show of sufficient demand for the
ext ensi on header in technology cases like this. One of the goals
of the initial work with 6MAN- W5 shoul d be to determ ne how rmuch
of the encoding variations could be done without repeated work for
6MAN- WG, but instead by only work of the nore expert work for such
encodi ngs, such as BIER  This would follow the |ogic, by which
different semantics of QS information in the DSCP field where
al so not performed by 6MAN- W5 but ot her working groups (such as
TSWAG) .

* SPRINGWG is the overall responsible W5 for the | Pv6/ SRv6
archtiecture as well as its unicast forwardi ng designs. SPRI NG WG
has del egated responsibility for IPv6 multicast aspects to Pl M WG
Hence this docunent is also positioned for PIMWs for first
consi derati ons.

* BIER-WG is the working group which has introduced statel ess
mul ticast replication to the | ETF, and where all the experience
wi th hardware forwadrdi ng i npl ementation for statel ess nulticast
replication exists. Gven how the goal of this experinentation is
to not re-invent any aspect of BIER-WG except for those aspects
that will support better adoption of the technology to | Pv6-only/
SRv6 networks, it is highly desirable to involve BIER in any of
the aspects of the experinment where this expertise can be drawn
upon and where consistency with existing Bl ER approaches needs to
be vetted.

* New encodi ng options for stateless nulticast forwardi ng shoul d not
only be defined for encapsulation within an IPv6 MRH, but if BIER-
WG is also interested in that encoding, then the encoding should
be specified agnostic to header encoding, such that it could
support encapsul ation both into I Pv6/ MRH as wel | as Bl ER/ [ RFC8296]
headers.

Background: The road towards Bl ER

Thi s background section is intended as an overview to notivate why
operators have shown interest in an |IPv6/SRv6-SRH al i gned sol ution
for stateless nulticast for nmany operational reasons, and why Bl ER-WG
did arrive at a different conclusion for technol ogy when adopting
[I-D.ietf-bier-bierin6]. This is witten in the hope that the
experinentation proposed by this docunent is understood as a

compl enentary technology that is ultimately meant to proliferade the
Bl ER- WG spear headed technol ogy into nore markets with m ni mum
addi ti onal standardi zati on and devel opnent effort.
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Before BIER, nulticast solutions where defined as extensions of the
uni cast (inter)network solution run in the network. RFC1112 defi ned
IP Multicast which re-used | Pv4 ([ RFC791]) packet headers and added
mul ti cast semantic through a range of dedicated-to-nulticast |Pv4

destination adress range. |Pv6 kept this architecture but already
included it in [RFC2460]. |In result, so-called dual-plane |Pv4/I|Pv6
network did al so have to run dual -plane | Pv4/1Pv6 multicast. In

networ ks that only could or wanted to run a single version of IP
solutions for encapsul ation of one version over the other also exist
for both unicast and nmulticast.

In MPLS networks, initially IP multicast was run by using | Pv4d
multicast in parallel to MPLS for unicast, but operators expected
that the protocol stack for multicast both in the forwardi ng pl ane as
wel|l as the control plane was adjusted to | everage the same protocols
as for MPLS unicast, so that at |east in nanme the variety of
protocols that needed to be run in the network for unicast and
mul ti cast was not increased over an MPLS unicast only network. Even
t hough inplementations of PIMfor an MPLS forwardi ng pl ane al ready
exi sted since 1998, the PIM approach was explicitly not choosen
because this was a protocol unfamliar to MPLS network operators.
Instead, the industry and thereafter the | ETF chose to enbed the
necessary nulticast functionality into the donmi nant MPLS uni cast
protocols LDP and RSVP-TE. This resultet in nLDP (nulticast LDP) and
RSVP- TE/ P2MP (Point to Miltipoint).

Li kewi se, PIMoverlay signaling for nulticast VPN services was al so
re-invented due to operator demand by bringing simlar mnulticast
group nenbership signaling into BG, thus allow ng service providers
to conpletely run on only BGP and | GP but without PIMfor nulticast.
Whet her the forwarding plane uses |IPv4/1Pv6 or MPLS. This was done
even though no other than operational reasons of famliary by
operators with BGP where brought forward versus the already well

depl oyed option of using PIMfor overlay signaling in those VPN
sol uti ons.

Wil e this approach of having the nulticast solution be enbedded in
the networks unicast solution does have a wi de range of benefits, it
al so came with downsides. When classical MPLS solutions with LDP
wher e superceeded by SR-MPLS network solution for unicast, this was
al so done to elimnate LDP fromthe network, which had a range of
probl ems co-existing with unicast | GPs, and/or arguably unnecessary
compl exity and duplication of protocol state. But in the wake of
this unicast network architecture evolution towards uni cast SR MPLS,
operators al so asked to elimnate nmulticast MPLS using niLDP and RSVP-
TE/ P2MP
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More fundanental ly, nulticast solutions including all the

af orenmenti oned ones are based on explicit multicast tree state, which
i s managed hop-by-hop in the network. This is conpletely contrary to
what operators are used to do with MPLS or I P unicast. |n unicast,
the network, especially the transit nodes (called P-nodes in service
provi der networks) only carry topol ogy state (routing tables), but

not state belonging to or influenced by individual subscribers of the
networ k. Subscribers may send arbitrary traffic, but that will not

i npact the | P/MPLS uni cast routing tables on P-nodes.

In IP/MPLS multicast, this is not the case. Wen a subscriber starts
mul ti cast sender and receiver applications, then they will cause
m.DP, PIMor BGP signhaling to propagate through the network including
transit service provider hops and ultimately create nulticast tree
state, which is simlar in nature to unicast routing tables: It
requires hardware forwardi ng resources that can get exhausted, and it
requires control plane activity that may put undesirable |oad onto
the control plane CPU not only during creation or change of the
applications, but even nore so during reconvergence due to

t opol ogi cal changes in the network (failures, recoveries).

Whi | e advanced mul ticast VPN protocol options do all ow service
providers to put bounds on this state (I-PMSI state and aggregated
S-PMSlI state), this too is causing additional complexity and

di agnosti c/troubl eshooti ng overhead.

Even when there is no msbehavior in the network, keeping track and
troubl eshooting nmulticast state hop-by-hop in the network can be a
real operational challenge, and even with aforenenti oned mnulticast
VPN nmechanisns in place, it still is the equivalent of having unicast
(BGP) VPN subscriber routing table entry related state on P-routers,
whereas in unicast those P-routers only carry a conpletetely

subscri ber agnosted |1 GP routing table.

In result of all these operational experiences by operators, severa
of themopted to nove fromtheir prior (stateful) nulticast solution
to one where there would be no nulticast state at all across the
service provider core network, instead replicating nulticast traffic
on the ingress PE as unicast traffic, one copy each to each egress PE
that required the packet. This was rmuch |ater standardi zed as
([RFC7988]). This is called "nulticast ingress replication”

Bl ER was invented out of the early recognition of these operationa
chal l enges and in fear that the non-scalability of nulticast ingress
replication would ultimately lead to the dem se of solutions relying
on network based nulticast. The BIER architecture, [RFC8279] defines
a nmechani sm by which a packet header which includes a bitstring and
associ ated netadata can source-route and replicate the packet hop-by-
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hop across P-routers to a set of egress (PE) routers using only the
same type of of routing information as already present in a service
provi der network - addressing information for the core networks P/PE
routers specific to BIER, but not to any subscriber information

Wth BIER, no nmulticast tree state ever needs to exist on the transit
(P) routers. The BIER technol ogy al so makes it easy to evolve from
mul ticast ingress replication solutions, by sinply adding the BIER to
the P/PE routers and letting the ingress router determ ne the Bl ER
header bitstring instead of creating a separate copy per packet to
each required PE. Even partial deploynent of BIER across P/ PE
routers is well considered in the BIER architecture and feasible
automastically wi thout additional provisioning, albeit this is likely
not fully supported by existing inplenmentations today.

The BIER architecture does not specify the way such a Bl ER header was
to be packetized. Initially during the work on BIER it was seen as a
real possibility to create per-unicast-network-desi gn encapsul ati ons
as it was done in before for IPv4/1Pv6 and MPLS. Neverthel ess, when
work towards the first BIER encapsul ati on(s) progressed, it became
obvious that the definition of multiple different encapsul ati ons was
at the non-mature and non-adopted state of the technol ogy too
anbitious and time consuming (note that the sane may be said about
the current evolution towards multiple conprssed unicast routing
headers) .

I nst ead, BI ER-WG chose an approach where the netadata required for
different type of networks was coal esced into a single Bl ER header
approach, which ultimtely becane [ RFC8296] - "Encapsul ati on for BIER
in MPLS and Non- MPLS Networks". This header includes a DSCP field
for use in IP network, and the first 32 bits mnic exactly a 32-bit
word of an MPLS st ack.

When Bl ER packets are propagated through an MPLS network, there is no
end-to-end MPLS | abel stack or even MPLS "packet" in that BIER
packet. Logically the per-hop BlIER forwardi ng happens solely at the
Bl ER | ayer, and on every hop the packet is encapsulated into a
single-LSE MPLS frane. In a network with full BIER support, where
BIER routers are L2 adjacenty, this is functionally equivalent to
sinmply encapsul ate the BIER packet into an ethernet frame with a BIER
ethernet type. The core reasons for the MPLS encapsul ati on was the
MPLS network operator preference to only see MPLS franmes on the wires
and the possible simplification of MPLS centric router hardware
forwardi ng pl ane designs to demultipl ex packets easier on an LSE than
on an ethertype. An actual functional benefit of the MPLS
encapsul ati on exists, in a partial deploynent, when the next BIER
router is not L2 adjacent, and the MPLS | abel could for exanple be an
SR- MPLS | abel to the closest BIER capabl e router
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As a result of this originally "optim zed-for-MPLS" approach,
architecturally [ RFC8296] marked for BIER the desire to embrace an
approach where the BIER nulticast solution should be seen as a "one-
size-fits-all" multicast network designs: To avoid the probl emthat
any change/ evol ution in unicast forwardi ng technol ogi es would create
undesirabl e asks for change in the nulticast technology - and hence
cause unnecessary technol ogy churn

O course, this approach for the BIER forwardi ng pl ane does not
prevent possible churn on the necessary BIER control plane. |If for
exanple use of IGP in networks (as is the standard today in SR

net wor ks) should fall out of fashion, and woul d be replaced by sone
(maybe Al controlled ?) SDN-controller control plane, then the same
woul d be necessary also for BIER

3. BIER for |Pv6 networks

QOperators of | Pv6-only networks using SRv6 for unicast traffic
steering and service managenent expressed interest in adopting
statel ess source-routed technol ogies for multicast across their
net wor ks.

The BIER architecture [ RFC8279] was the obvious starting point to
provide this functionality. Additional service requirenments such as
traffic engineering could be solved via Bl ER extensions such as Bl ER
TE ([ RFC9262]) w thout |1Pv6 specific changes required.

Sone SRv6 networks are anongst the |argest Service Provider networks
in the world, hence there is likely going to be nore of an upper-end
scaling evaluation to be done for SRv6 networKks.

However, the core challenge for I Pv6-only network operators cones
through the "one-size-fits-all" nodel adopted via [ RFC8296] by BIER
By itself, this RFCis insufficient to operate BIER in a network

wi thout MPLS. For this reason, [I-D.ietf-bier-bierin6] (BlIERi n6)
defines how to operate BIER in an | Pv6 only network based on the
requi renents stated in [I-D.draft-ietf-bier-ipv6-requirements]. This
approach repeats the MPLS network approach for BIER in | Pv6 networKks:
end-to-end forwarding is via an [ RFC3296] BI ER header and BI ER hop-
by-hop an I Pv6 specific IPv6 "tunnel" header can be added if that is
so desired, to nmake the packet appear as IPv6 on the wire. |In a ful
depl oynent those L2 I Pv6 encapsul ations could even use |link-1oca

| Pv6 addresses.

In addition, the encoding and control plane signaling of the BIER
met adat a that needs change fromits [ RFC8296] MPLS bi ndi ngs al so
requires new drafts, [I-D.ietf-bier-non-npls-bift-encoding] and
[1-D.ietf-bier-Isr-non-npls-extensions].
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4. Challenges of BIER with | Pv6
4.1. Cerational, architectural, performance

The main challenge is that the requirenents that lead to BIERi n6 did
not take the operational and architectural preferences of operators
running | Pv6-only networks into account by replicating the nodel
devel oped with primarily MPLS in mnd. For operators of |Pv6/SRv6
net wor ks, BIERi n6 marks a significant departure fromtheir unicast

I Pv6 network architecture and operations.

One key difference between | Pv6 and MPLS designs is that the cost of
headers and encap/decap. Wen operators in an |Pv6 network expect
for operational reasons to see only |Pv6 packets on the wire, the

Bl ERi n6 approach woul d require per-L2-hop additional |Pv6 tunne
encapsul ati ons, which is a significant overhead, whereas the MPLS
equi val ent is no additional encapsul ation overhead at all, because
the BIER header itself already start with a 32 bit word that serves
as an MPLS LSE and single-entry |abel stack to demultiplex to BIER

If instead (as proposed to be experinented in this docunent), the

[ RFC8200] approach of |Pv6 extension header source-routing was used,
then this additional |Pv6 per-hop encapsul ati on header was not
required, but the end-to-end | Pv6 header (plus extension header) that
is always required would suffice

Note too, that this difference also holds true, when there is only a
partial deploynment of stateless nmulticast replication capable
routers, because by virtue of the pre-existing end-to-end | Pv6 header
and [ RFC8200] defined forwarding rules, the forwarding across non-
statel ess-multicast-capable 1 Pv6 routers woul d solely require
forwardi ng based on the | Pv6 destination address of the |IPv6 (base)
header .

In addition to overhead on the wire, different type of forwarding

pl anes may al so incur different degrees of performance | oss when per
L2-hop packets actually need to be decapsul ated and re-encapsul ated
into link-1ocal address |IPv6 headers. Keeping an encapsul ati on | Pv6
header and re-witing it hop-by with not only the destinati on address
(as required by [RFC8200], but also the source-address might equally
be a challenge if hardware is not specifically optim zed for that.
The author has the unfortunate experience with this type of hop-by-
hop I Pv6 tunneling in a conpletely different use-case donmain, where
it has served as the core obstacle to adoption (see [ RFC8994]).
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4.2. Architectural and functiona

Wil e these differences between Bl ERi n6 and ext ensi on header based
approaches are nostly router-inplenentation, perfornmance and operator
preference, there is also a nore fundanental issue with BlIER which
the proposed extension header resolves, and that is that the packet
on the wire can not be identified as an I Pv6 nmulticast packet, and
hence the wi de range of collateral forwarding plane functions that
have al ready been defined in routers to manage I Pv6 nulticast traffic
are not applicable or would require a lot nore conplex, variable

| ength | ookup of the IPv6 multicast destination address across
protocol |ayer boundaries. These features are listed further bel ow
in the docunent.

Anot her way to look at this functional difference is that BIER was
designed to require an IP Miulticast flow overlay so that BIER could -
maybe simlar to MPLS - be a common "L2.5" technol ogy, whereas | Pv6
mul ticast is designed as an end-to-end L3 technol ogy just like |IPv6
uni cast, and the | Pv6 extension header approach is the only obvious
way to achieve this, and minimze or conpletely eliminate additiona

| ayeri ng overheads necessary otherw se.

4.3. | ETF process

In the discussions about the best BIER for |IPv6 network solution, one
of the forenost argument by those in favor of BIER n6 was al so
explicitly to prove investnment protection for those vendors who had
al ready invested into [ RFC8279] and [RFC8296]. While it certainly
makes sense to support commercial goals in | ETF, this specific ask
was never admitted in any prior technol ogy decision between MPLS and
| Pv6 solutions nor for other Milticast technol ogies (e.g.

i ntroduci ng BGP instead of PIMoverlay signaling was providing al

the necessary functionality, or introducing MPLS multicast forwarding
when many operators had depl oyed native IPv4 nulticast in MPLS
networks). Nor was it done in the case of other technol ogies, such
as OSPF vs. IS-1S. Instead, if and when different conpeting designs
exi sted due to customer demand, the | ETF always tried to provide
equal Iy optinized solutions for each customer network type and | et
the mar ket deci de.
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Wil e technically sinmilar approaches nay pose additional work in the
| ETF, they have typically always shown to be beneficial for the
overall set of customers of |ETF standards, broadening the scope of
applicability to nore candi date custoners. The hope of this
experinentation is equally that this would hold true for the
proliveration of original BIER technoligies into | Pv6/SRv6 only
networks - nore so than what BIERi n6 al one could achieve (in the

opi nion of the author). Expecting for BIER n6 to make BI ER
successfull in IPv6-only/ SRv6 networks is a highly risky proposition
and can easily result in I ess than nore adoption of the technol ogy.

Hence this docunent proposes for the IETF to at |east enbrace
experinentation with the | Pv6 extensi on header based options which do
provi de the best technically and operational solutions for |Pv6-only/
SRv6 networks. Especially given the recent varied work on different
uni cast steering header options for SRv6 unicast, it seens highly
unlikely that the industry could not endure an additional encoding
alternative to [ RFC8296] for stateless nulticast replication in |IPv6
net wor ks.

5. List of target benefits / directions

The following is a candidate |list of benefits/technical targets of
the sol utions

The solution uses an | Pv6 routing extension header in the same
fashi on as SRv6 uni cast does this ([RFC8754]) for high-speed networks
or [RFC6554] for 10T networks. Ideally, it should be sufficient to
have a single new | Pv6 routing extension header for stateless

mul ticast (instead of two for unicast for different networks).

For operational safety, it seenms prudent to allocate a new routing
ext ensi on header code point so that this technol ogy can be introduced
into networks which already run either of the existing unicast

ext ensi on headers w thout having to change any of the unicast

speci fic fowardi ng pl ane code - because demultipl exi ng between

uni cast and multi cast woul d already be able to happen at the

ext ensi on header code point.

If instead it is seen by IPv6 experts that it is equally safe and
feasible to encode the informati on necessary for stateless multicast
into the existing SRH extension header, using sinilar tricks to how
conmpressed uni cast steering is encoded
([1-D.ietf-spring-srv6-srh-conpression]), and that this is
preferrable, then this could of course equally be considered.
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Al'l forwarding should follow the [ RFC8200] and [ RFC8986] pri nciples
to the extend that they are applicable to packets that need to be
replicated. This specifically neans that on each steering or
replication hop, the IPv6 header destination address gets rewitten
by the next steering/replication hop |Pv6 address ("SID') derived
fromthe extension header.

VWil e application software stacks for other network protocols beside
I P do exist, they are by far not as widely and easily accessible
across w de ranges of platforns/operating systenms. use of |Pv6
extension headers is the likely nost easy proliferable solution to
bring stateless nulticast replication into the software realm This
is not only useful for softwareization of traditional routers with
new i npl enent ati ons, or deconposition thereof into network function
application code, but even nore so for actual classical end-to-end
applications using P nulticast. Enabling such applications, to
solely rely on stateless nulticast, for exanple in data centers is an
explicit additional market space that this effort intends to support.

To directly support the established IP rmulticast service interfaces
of ASM and SSM the extension header nust support to directly
indicate P nulticast. Technically this neans that the extension
header al so needs to be able to carry an I Pv6 nulicast destination
address directly, namely when there is the need to indicate an | Pv6
mul ti cast packet. This is a significant difference over SRv6 uni cast
and BIER BIER specifically does support IP nmulticast only in the
way MPLS does it: as an L2.5 underlay, which can encapsul ate an IP
mul ticast packet. The stateless IPv6 nulticast solution intends to
avoid this duplication of |Pv6 header when it is used end-to-end.

Wth this architecture, IPv6 nulticast applications could be nade to
rely on stateless IPv6 nulticast if the socket/network |layer in the
mul ti cast hope can sinmply insert the routing extension header
indicating the stateless distribution tree - without the need for any
additions IPv6 in | Pv6 encapsul ati ons or other conmplexity. This for
exanpl e could easily be sonething to make depl oynent of |Pv6
mul ti cast easier in data center encvironments where the extension
header data could be requested from and provided by a network
controller.

Carrying the IPv6 multicast destination address in a fixed offset
part of an | Pv6 extension headers nmakes it possible (at sonmewhat

hi gher parsing cost) to maintain traditional operational benefits of
IP multicast: It allows per-hop operation of |IP specific forwarding
pl ane features:

* P nmulticast IPfix for accounting, billing and perfornance quality
troubl eshoot i ng
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* | P nmulticast group address (range) derived QS handling (comon in
several network and well matching [ RFC8986] "progranm ng" goal s).

* | Pmulticast group range derived accounting, billing, policiing or
ot her policies.

6. Intial proposed MRH definitions
6.1. MRH Header

This chapter gives a non-normative idea of how the extension header
structures to be defined by the experinent could | ook Iike

B T I e R i i i T S S e e I e ik oI I S S e S S
| Next Header | Hdr Ext Len | Routing Type | Segments Left |
el i I e i it T e e e e i i T o S e e S e T R R

I
MBER- Segnent (128 bit | Pv6 address) |
I

I
I
I
T S i T o S T i S SEp S A S
|

MRH Sub- Type . MRH Sub- Type specific data |
S T T R 11
/1 S 11
i R L s e T e R h th s i S SR N S
11 11
/1 Optional Type Length Value (TLV) objects (variable) //
/1 /1

B T S i T s i i e e SEI S
Figure 1. MRH fornmat

The actual "Multicast Routing Header" is identified by one "Routing
Type" value. |If nultiple encodings ("MRH Sub-Type") are required,
then multiple "Routing Types" would need to be assigned (for
experinentation only two are available), or instad, a new "MRH Sub-
Type" dermultiplexer field could be defined. Wth a worst-case snall
nunber of different MRH Sub- Types of maybe <=5 required, it may be
deenmed appropriate by 6MAN-W5 to allocate up to e.g.: four Routing
Types before requiring a Sub-Type encoding to avoid Routing Type
exhausti on.

"Segnents Left" was defined by [RFC8200]. It may not actually be
useful in all encodings, so one of the experinmentation question is
whet her it would be acceptable to avoid wasting this space if it is
not needed, or to reuse it for a nore appropriate purpose.
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The "MSER- Segrment" ("Milticast Source Exit Router Segnent") can carry
the 1Pv6 multicast packets destination address. This is necessary
when an MRH is to be used to carry an actual |Pv6 Milticast packet.

Al ternatively, this MSER-Segnent can carry a non-1Pv6 nulticast group
range | Pv6 address. In this case it is a group-SID, indicating for
exanpl e programmability parameters to the receivers.

When deploying MRH with Bl ER-|i ke overlays, the MSER Segment may not
be required. |If one wanted to avoid wasting those 128 bits for such
use-cases, then appropriate encoding options should be found
(different Routing Type). However, one of the big benefits for |Pv6
fromusing MRH (as opposed to a Bl ER header) could come fromthe
ability to always have this destination | Pv6 address present in a
fixed location in the 1Pv6 (extended) header to trigger various
collateral forwarding plane functions, as nmentioned el sewhere in this
docunent. Therefore, the functional (not perfornmance) preference
woul d be to always include this field. Likew se, in nmany
applications a "shared IPv6 SID' for all receivers of the packet
seens |ikely very useful, even if its semantic is not that of an | Pv6
mul ti cast group address.

The "MRH Sub- Type specific data" if present may carry the encodi ng
for a particular nethod of stateless IPv6 nulticast forwarding

6.2. BIER MRH Sub- Type format

0 1 2 3
01234567890123456789012345678901
i I S T S S i I S A SHE N SR
| BSL | SD | S | CAM Ent r opy |
I i I i i S I Sk i SRR N SRR S
| BitString (first 32 bits) ~
B i s T T i i o S o T Ji I
i I S T S S i I S A SHE N SR

~ BitString (last 32 bits)
e e i S i I S ik i U N SRR S

Figure 2: BIER MRH Sub- Type fornmat

Figure 2 is an exanple initial proposal for encoding of BIER (and
Bl ER-TE, [RFC9262]) into an MRH Sub- Type.

Most of the signaling elenments of the [RFC8296] BIER header are not
required:
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BFIR-id is not required because in an | Pv6 environnment, the |IPv6
(base) header |Pv6 source address (which can be a SID) serves the
same purpose

If necessary to maintain existing signaling for 16-bit BFR-I1D val ues,
then an appropriate SID format for the 128 bit address with such a 16
bit field can be specifi ed.

Li kewi se, TTL, DSCP and Ver fields are not required as they already
exist in the | Pv6 header

The Proto field is not required, because the "Next Header" field in
the MRH serves the sane purpose.

Ni bble, TC and S fields are not required because they are artefacts
of the Bl ER header for MPLS

The remaining signaling elements keep their existing semantic but are
slightly different encoded:

[1-D.ietf-bier-non-nmpls-bift-encoding] proposes to encode BSL, SD and
SI into the BIFT-id field. This proposal picks up the same encodi ng,
elimnating therefore al so the separate BSL field.

OAM i s nmai ntai ned unchanged. BitString is maintained unchanged.

Entropy is shortened to allow fitting the non-bitstring signaling
elenments into 32 bits. 1024 different path options are nore than
enough, so no functional deterioration is expected.

6.3. Further MRH Sub- Type consi derations

The encoding for other "MRH Sub- Type specific data" fields are not
presented here. For exanple, if RTS ([I-D. eckert-pimrts-forwarding]
was used as a Sub-Type, then that field would be encoded according to
that drafts header, specified in [I-D.eckert-pimrts-forwarding],
section 4. 3.

I ndependent of MRH Sub- Type, the per-hop forwarding rules need to be
specified, should be the sane as | Pv6 unicast source routing: Every
hop determines for every packet copy a next-hop ipv6 next-hop
address, which will be copied into the | Pv6 header destination
address field.

Different fromIPv6 unicast, the different MRH Sub- Type encodi ngs
will require different nodifications to the MRH header. In the BIER
Sub- Type case for exanple, bits in the Bitstring need to be cleared.
I n headers such as RTS, it may be necessary to update two index
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fields in the Sub-Type data to indicate to the next-hop the active
part of the Sub-Type header that needs to be parsed. This is

equi valent to the Segnments-Left field in IPv6 unicast routing header
cases.
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Appendi x B. History

Thi s docunent is an evolution fromthe process whose | ast draft was
[1-D. eckert-msr6-problemstatenent]. That informational draft covers
in a nore concise way two core probl em areas

1. The Desire and need for an I Pv6 routing extension header based
solution architecture for stateless I Pv6 nmulticast source routing
in support of |Pv6/SSRv6-only networks. This is covered in
P4...P7 and accordi ng expl anati onsj .

2. The desire and need for an easier to operate and better to scale
statel ess replication nechanisminstad of [ RFC8279], such as
proposals like [I-D. eckert-pimrts-forwardi ng] or
[1-D. eckert-msr6-rbs]. These are covered in P1...P3,P8 and
accordi ng expl anati ons.

Point 1 in that problem state docunent can be resolved by an | Pv6
routi ng extensi on header based sol ution, which is what this docunent
explains in nore detail and proposes to introduce through
experinental |ETF work.

It is thus overlapping with that problemstatnments P4...P7. Such an
| Pv6 routing extension header based solution can and shoul d | everage
bot h an [ RFC8279] based payl oad, which would allow a m ni mal change
and new devel opment from exi sting Bl ER specifciations, replacing only
[ RFC8296] as the encapsul ati on and repl acing the need for
[1-D.ietf-bier-bierin6].

Point 2 is not detailled in this docunment except to explain what
aspects in the new | Pv6 routing extension header are required to
enabl e such alternative encodi ngs conmpared to the existing Bl ER
bitstring.
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