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Abst r act

Pl M usual Iy uses the shortest path conmputed by routing protocols to
build rmulticast tree. Milti-Topology Routing is a technology to
enabl e service differentiation within an I P network. |GP Flex

Al gorithm provides a way to compute constraint-based paths over the
network. This docunment defines the PI M nessage extensions to provide
a way to build multicast tree through the specific topol ogy and
constrai nt-based path instead of the shortest path.

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
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
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described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. I nt roduction

As described in section 3 in [RFC7/761], PIMrelies on an underlying
t opol ogy-gat hering protocol to populate the MRIB (Milticast Routing
Information Base). Usually the MRIB is the best paths over the
network based on the I1GP netric. |In some cases, alternative paths
with low | atency or high bandwi dth are needed for specific
requirenents.

Mul ti-Topol ogy Routing (MIR) [ RFC4915] [RFC5120] is a technology to
enabl e service differentiation within an IP network. To support MIR
an | GP advertises multiple, potentially incongruent, |P topologies,
and conputes topol ogy specific routes.
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FI ex- Al go [ RFC9350] specifies a solution that allows |IGPs thensel ves
to conpute constraint-based paths over the network. Flex-Al go(FA)
can be seen as creating a sub-topology within a topol ogy using

al gorithm specific constraints and an al gorithm specific cal culation
type. Flex-algo can operate on any topol ogy supported by the | GPs.

Advertisenment of |1 GP Flex-Al go [ RFCO350] participation requires a
data plane context. Currently the follow ng datapl ane contexts have
been defi ned:

* Segnent Routing Datapl ane [ RFC8665] [ RFC8667]

* | P Flex Dataplane [ RFC9502]

* Soft dataplane [I-D.ietf-Isr-flex-soft-datapl ane]

Thi s docunent defines how PIMcan utilize a given conbination of a
topol ogy, an algorithm and a dataplane to populate an MRIB. 1|n the
remai nder of this docunent, we'll refer to this conbination as

Topol ogy- Al gori t hm Dat apl ane ( TAD).

Thi s docunent defines the PIM nessage extensions to provide a way to
build a nmulticast tree using a given TAD instead of sinple |IGP

short est path.

Al the routers on a given PIMmulticast tree MJST participate in the
same TAD

1.1. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

2. Term nol ogy

Thi s docunent uses term nol ogi es defined in [RFC7761], [RFC5384],
[ RFC5496], [RFC4915], [RFC5120] and [ RFC9350].

3. PI M Message extensions

3.1. Goup Source Info TAD Sub-TLV
[1-D.ietf-pi mpfmforwardi ng-enhancenents] defines a ' G oup Source
Info TLV' for announcing sources that supports Sub-TLVs that can be
used to advertise various types of information. This docunent

defines a new Sub-TLV that can be used for carrying the topology ID
and the Al gorithm value associated with the TAD to be used.
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Figure 1
Type: TBD (To be assigned by | ANA).
Length: 2-octet. This length is always 4.

Algorithm A 1-octet value fromthe IGP Al gorithm Types registry
under | GP Paraneters registry.

MI-1D: A 2-octet field MI-1D (see Section 3.7 of [ RFC4915],
Section 7 of [RFC5120]) to special the topology. |If this fieldis
set to zero, it means the default topol ogy.

DP-1D: A 1-octet field the data plane ID.

M- 1 D val ues are protocol specific. The value advertised therefore
has to match an Mr-1D val ue supported by the |1 GP deployed in the
net wor k.

3.2. TAD Attribute Fornat

[ RFC5384] defines a pimJoin Attributes are encoded as TLVs into the
Encoded- Sour ce Address field of a PIMJoin nmessage. This docunent
specifies the TAD Attribute that allows the receiver to select the
associ ated topol ogy or algorithm
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Fi gure 2

F bit: The Transitive bit. Specifies whether the attribute is

transitive or non-transitive. This bit RECOMVENDED set to 1 and
the attribute will be transitived.
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E bit: End-of-Attributes bit. Specifies whether this attribute is
the last. Set to zero if there are nore attributes. Set to 1 if
this is the last attribute.

Type: TBD (To be assigned by | ANA)
Length: 1-octet. This length is always 4.

Algorithm A 1-octet value fromthe IGP Al gorithm Types registry
under | GP Paraneters registry.

MI-1D: A 2-octet field MI-1D (see Section 3.7 of [ RFC4915],
Section 7 of [RFC5120]) to special the topology. |If this fieldis
set to zero, it means the default topol ogy.

DP-1D: A 1-octet field the data plane |D.

M- 1 D val ues are protocol specific. The value advertised therefore
has to match an MI-1D val ue supported by the |1 GP deployed in the
net wor k.

4. Specification

Wien TAD is specified, PIM MJST use the topol ogy, algorithmand data-
pl ane specifi ed.

PI M nmessages with the | ocal TAD MJUST NOT be sent outside the IGP
dommi n, because the value in the TAD may have a different neaning in
anot her | GP donmain, which will cause processing errors.

When PIMwants to use flex-algo paths for the prefix that is
advertised as a regular algo O prefix in IGP, it MIST specify the
soft data plane type in the TAD. If PIMwants to use a prefix
advertised according to RFC 9502, in which case the prefix is bound
to the specific flex-algorithm PIMneeds to specify the IP algorithm

as the data-plane for the flex-algo path calculation. In both cases,
PI M needs to be configured with the flex-algo nunber that it intends
to use.

4.1. Source with TAD Sub-TLV adverti sement

Pl M Fl oodi ng Mechani sm and Source Di scovery [ RFC8364] allows for
announcenent of active sources.

[1-D.ietf-pi mpfmforwardi ng-enhancenents] defines a ' G oup Source
Info TLV' for announcing sources that allows for Sub-TLVs that can be
used for providing various types of information. The TAD Sub-TLV is
advertised with the Group Source Info TLV, and flooded in the
network. When MIR is not deployed in the network, the MI-ID in the
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Sub- TLV MUST be set to zero.

The First Hop Router (FHR) advertises the announci ng sources carrying
the TAD Sub-TLV to the network. All the routers in the network
receive the information through PFM function. The TAD adverti senent
of FHR is used by LHR to sel ect the corresponding TAD to send the
joining nessage. |If two or nore FHRs announce sane source and group
with different TAD because of wong configurations or other reasons,
the LHR SHOULD sel ect the TAD by using the | owest or highest
originator address. The highest originator address is preferred.

The PFM function defined in [ RFC8364] is not changed.

Simlarly, M/PN, EVPN, etc. can al so announce the correspondi ng TAD
when advertising routes, so that PE can sel ect the topol ogy
corresponding to the correspondi ng TAD.

4.2. J/ P nessage Processing

The LHR PIMrouter on the receiving side specifies the TAD to the
mul ti cast source according to the received TAD Sub-TLV or the |oca
policy. The LHR | ooks up the local TAD aware routing table and gets
t he upstream nei ghbor, then the LHR sends the join nessage to the
upstream nei ghbor with the specified TAD value set in the TAD
attribute. The local configured TAD is the same with the

adverti senent of LHR usually. 1|In case there is inconsistent, the LHR
MUST NOT send the J/P nmessage with TAD attribute. When there is no
specific TAD in local policy or configuration on LHR, LHR SHOULD use
the TAD received by PFM advertisenents if there is.

When a PIMrouter receives a J/P nessage with the TAD attribute, the
router checks all the received join nessages, if all the received
join nessages carried the TAD value, then it | ooks up the TAD
specific unicast routes and selects the inconmng interface and
upstream nei ghbor. And the continual join nessages keep carrying the
TAD Attribute. Wien the LHR stops to use the function defined in
this docunment, LHR MJST send the associ ated prune nessage. And the
continual prune message MJUST carried the attribute.

When a PIMrouter receives the join nessages fromdifferent nei ghbors
for the same (*, G or (S, G, in case the router finds that not all
the received join nessages carried the same TAD val ue, or unicast
routing is unreachable in the TAD aware routing table, the router
needs to stop the PI M procedure and sends notification to the network
adm nistrator. |If the router is FHR the FHR SHOULD NOT forward the
multicast flow until all the received join nessages carried the sane
TAD val ue.
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The TAD attribute SHOULD NOT be used with RPF vector
attribute([RFC5496]). |In case the TAD attribute is al so received
with the RPF vector attribute, the router SHOULD i gnore one of them
according to local policy.

There should be no nmore than one TAD attribute in an Encoded- Source
Address when PIMbuild a join message. |If the PIMrouter receives a
join nessage with nultiple TAD attributes in an Encoded- Source
Address, the first one is RECOMVENDED be used.

4.3. Exanple

t----(gR2)------ (gRA)----+
/ | | \
/ | \
Sour ce- - (R1) (RP) | | (R6) - - Recv
\ | | /
\ | | /
t----(rR3)------ (rR5)----+

Figure 3

In Figure 3, there is only a default topology in the network. Rl is
the source DR and R6 is last-hop DR Two nulticast flows with the
same source address need to be received by the receiver: flow 1
(192.0.2.1/24, 233.252.0.1/32) and flow 2 (192.0. 2.1/ 24,
233.252.0.2/32). The shortest path to the source is: R6-R4-R2-Rl.
But the bandwi dth on the path is not enough for the two fl ows
delivery. Packet |oss occurs.

The network can be divided into 2 planes by different Flex-Al gorithns
defined in [ RFC9350]. For exanple, R1/R2/R4/R6 belong to green plane
of Algorithm X, and R1/R3/R5/R6 belong to red plane of AlgorithmY.

When the soft dataplane defined in [I-D.ietf-Isr-flex-soft-datapl ane]
is used, the TAD conbi nati ons can be TAD 1 "FA=X, MI-|D=0, DP-I|D=3"
and TAD 2 "FA=Y, MI-1D=0, DP-1D=3". Al the routers send the
participation of Flex-algo X and Y per
[I-Dietf-lsr-flex-soft-dataplane]. The IP prefix routes for the
sources of flow 1/2 are advertised in default topol ogy.

R1 sends the PFM nessages for flow 1 with TAD 1 sub-TLV and flow 2
with TAD 2 sub-TLV. After receiving the PFM nessages, when

Joi nDesired(192.0.2.1, 233.252.0.1) ([RFC7761]) is TRUE, R6 | ooks up
the local routing by the TAD 1, and gets the upstreamrouter R4 for
flow 1. Wen JoinDesired(192.0.2.1/24, 233.252.0.2) is TRUE, the
process of R6 for TAD 2 is simlar, R6 gets the upstreamrouter R5
for flow 2. Then R6 sends the PIMjoin nessages with the TAD 1 to R4
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for flow 1l and TAD 2 to R5 for flow 2. Al the routers along the
path process the join messages in sinmlar way and the nulticast trees
for flow 1l and flow 2 are built finally.

Anot her exanple is to suppose that the prefix of a multicast stream
source S2 is advertised according to [ RFC9502], belongs to I P Flex
Dat apl ane, and its advertised Algorithmis 130. If PIMis to be
applied in this case, the DP-1D needs to be set to I P Flex Datapl ane
Type (DP-1D=2) and the FA value to 130 in the PIMs TAD
advertisenent, including the Goup Source Info TAD sub-TLV that
advertises source S2, as well as in the TAD Attribute of the join/
prune nessage initiated by LHR

5. | ANA Consi derati ons
5.1. Goup Source Info TAD Sub-TLV

I ANA is request to assign a new sub-type for "Group Source Info TAD
Sub-TLV" in the "PFM Group Source | nfo Sub-Types" registry.

5.2. TAD Attribute

I ANA is request to assign a new sub-type for "TAD Attribute" in the
"PIMJoin Attribute Types" registry.

5.3. PIMTAD
IANA is request to create a new registry for "Dataplane ID' in the
"Interior Gateway Protocol (1GP) Paraneters" registry. For now,
three val ues are defi ned:
* 1. Segment Routing Datapl ane [ RFC8665] [ RFC8667]
* 2: | P Flex Dataplane [ RFC9502]
* 3. Soft Dataplane [I-D.ietf-1sr-flex-soft-datapl ane]

6. Security Considerations
The consideration nentioned in [RFC7761],
[1-D.ietf-pi mpfmforwardi ng- enhancenents] and
[I-Dietf-lIsr-flex-soft-dataplane] apply to this docunent.
If PIMrouters in the nmulticast tree select different topol ogy and
al gorithm based on different |local policy, there may be a loop in the
network, or the nulticast flow cannot be forwarded. Forged router

may advertise source and group information with wong TAD sub- TLV.
The network adm nistrator should be careful for the TAD consi stency.
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