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in Any-Source Miulticast (ASM Mde Trees over Miltipoint LDP (nlLDP)

Abstract

When IP nulticast trees created by Protocol |ndependent Multicast -
Sparse Mode (PIMSM in Any-Source Miulticast (ASM node need to pass
through an MPLS domain, it may be desirable to nap such trees to

Poi nt-to-Mil tipoint Label Sw tched Paths (P2MP LSPs). This docunent
descri bes how to acconplish this in the case where such P2MP LSPs are
est abl i shed using Label Distribution Protocol (LDP) Extensions for
P2MP and Mul tipoint-to-Miltipoint LSPs: Multipoint LDP (niDP).

Status of This Meno
This is an Internet Standards Track docunent.

This docunent is a product of the Internet Engineering Task Force
(IETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741.

I nformati on about the current status of this docunent, any errata,

and how to provide feedback on it nmay be obtained at
http://ww. rfc-editor.org/info/rfc7442.
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1.

I nt roducti on

[ RFC6826] describes how to map Point-to-Miltipoint Label Swtched

Pat hs (P2MP LSPs) created by nlDP [ RFC6388] to nulticast trees
created by Protocol |ndependent Miulticast - Sparse Mdde (PIMSM in
Sour ce-Specific Miulticast (SSM node [ RFC4607]. This docunent
describes how to nmap nLDP P2MP trees to nulticast trees created by
PIMSMin Any-Source Miulticast (ASM node. It describes two possible
mechani sms for doing this.

The first nmechanism described in Section 2, is OPTIONAL for

i npl emrent ati ons, but the second mechani sm described in Section 3, is
REQUI RED for all inplenmentations claining conformance to this

speci fication.

Note that from a depl oynent point of view these two nechanisns are
mutual |y exclusive. That is, on the sanme network one coul d depl oy
ei ther one of the nmechani sns, but not both.

The reader of this document is expected to be famliar with PI M SM
[ RFC4601] and nlLDP [ RFC6388] .

Thi s docunent relies on the procedures in [ RFC6826] to support source
trees. For exanple, follow ng these procedures a Label Switching
Router (LSR) nmay initiate an nLDP Label Map with the Transit

I Pv4/ 1 Pv6 Source TLV for (S,G when receiving a PIM (S, G Join.

Thi s docunent uses BGP Source Active auto-discovery routes, as
defined in [ RFC6514]. For the sake of brevity in the rest of this
docunent, we'll refer to these routes as just "Source Active

aut o-di scovery routes".

Consi der a depl oynent scenario where the service provider has

provi sioned the network in such a way that the Rendezvous Point (RP)
for a particular ASM group G is always between the receivers and the
sources. |If the network is provisioned in this nanner, the ingress
Provider Edge (PE) for (S, G is always the same as the ingress PE for
the RP, and thus the Source Active auto-discovery (A-D) routes are
never needed. If it is known a priori that the network is
provisioned in this manner, nlLDP in-band signaling can be supported
using a different set of procedures, as specified in [RFC7438]. A
service provider will provision the PE routers to use either the
procedures in [ RFC7438] or those described in this docunent.
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Li ke [ RFC6826], each IP multicast tree is nmapped one-to-one to a P2MP
LSP in the MPLS network. This type of service works well if the
nunber of LSPs that are created is under the control of the MPLS
network operator, or if the nunber of LSPs for a particular service
is known to be |inmted.

It is to be noted that the existing BG® Milticast VPN (M/PN)
procedures [ RFC6514] can be used to map Internet IP multicast trees
to P2MP LSPs. These procedures would acconplish this for IP

mul ticast trees created by PPMSMin SSM node, as well as for IP

mul ticast trees created by PIMSMin ASM node. Furthernore, these
procedures woul d al so support the ability to aggregate multiple IP
mul ticast trees to one P2MP LSP in the MPLS network. The details of
this particul ar approach are out of scope for this docunent.

Thi s docunent assunes that a given LSR may have sone interfaces that
are |P multicast capable, while other interfaces would be MPLS
capabl e.

1.1. Specification of Requirements

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

2. Mechanism 1 - Non-transitive Mapping of IP Milticast Shared Trees

Thi s mechani sm does not transit |P multicast shared trees over the
MPLS network. Therefore, when an LSR creates (*, G state (as a
result of receiving PIMnessages on one of its IP multicast
interfaces), the LSR does not propagate this state in nlLDP.

2.1. Oiginating Source Active Auto-discovery Routes (Mechanism 1)

Whenever (as a result of receiving either PIM Register or Milticast
Source Di scovery Protocol (MSDP) nessages) an RP di scovers a new
mul ti cast source, the RP SHOULD originate a Source Active

aut o-di scovery route. The route carries a single MCAST- VPN Net wor k
Layer Reachability Information (NLRI) [RFC6514], constructed as
fol |l ows:

+ The Route Distinguisher (RD) inthis NLRI is set to O.
+ The Multicast Source field is set to S. This could be either an

I Pv4 or an |IPv6 address. The Miulticast Source Length field is set
appropriately to reflect the address type.
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+ The Multicast Group field is set to G This could be either an
I Pv4 or an | Pv6 address. The Milticast Group Length field is set
appropriately to reflect this address type.

To constrain distribution of the Source Active auto-di scovery route
to the Autononous System (AS) of the advertising RP, this route
SHOULD carry the NO_EXPORT Community ([ RFC1997]).

Usi ng the normal BGP procedures, the Source Active auto-discovery
route is propagated to all other LSRs within the AS.

Whenever the RP discovers that the source is no | onger active, the RP
MUST wi t hdraw the Source Active auto-discovery route if such a route
was previously advertised by the RP.

2.2. Receiving Source Active Auto-discovery Routes by LSR

Consi der an LSR that has sone of its interfaces capable of IP
mul ti cast and sonme capable of MPLS nulticast.

When, as a result of receiving PIM nmessages on one of its IP

mul ticast interfaces, an LSR creates in its Tree Information Base
(TIB) a new (*,G entry with a non-enpty outgoing interface |list that
contains one or nore |P nmulticast interfaces, the LSR MJUST check to
see if it has any Source Active auto-discovery routes for that G If
there is such a route, S of that route is reachable via an MPLS
interface, and the LSR does not have (S,G state in its TIB for (S, QG
carried in the route, then the LSR originates the nLDP Label Map with
the Transit | Pv4/1Pv6 Source TLV carrying (S, G, as specified in

[ RFC6826] .

When an LSR receives a new Source Active auto-discovery route, the
LSR MUST check to see if its TIB contains a (*,G entry with the sane
G as that carried in the Source Active auto-discovery route. |If such
an entry is found, Sis reachable via an MPLS interface, and the LSR
does not have (S, G state inits TIB for (S, G carried in the route,
then the LSR originates an nLDP Label Map with the Transit |Pv4/IlPv6
Source TLV carrying (S, G, as specified in [ RFC6826].

2.3. Handling (S, GRPT-bit) State
The creation and del etion of (S, G RPT-bit) PIMstate ([ RFC4601]) on
an LSR that resulted fromreceiving Pl M nmessages on one of its IP

mul ticast interfaces do not result in any nmLDP and/or BGP actions by
the LSR
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3. Mechanism?2 - Transitive Mapping of IP Milticast Shared Trees

Thi s mechani sm enabl es transit of IP nmulticast shared trees over the
MPLS network. Therefore, when an LSR creates (*, G state as a result
of receiving PIM nessages on one of its IP nulticast interfaces, the
LSR propagates this state in nLDP, as described bel ow

Note that in the depl oynent scenarios where, for a given G none of
the PEs originate an (S, G nlLDP Label Map with the Transit |Pv4/1Pv6
Source TLV, no Source Active auto-discovery routes will be used. One
ot her scenari o where no Source Active auto-discovery routes will be
used is described in Section 3.2 ("Originating Source Active

Aut o- di scovery Routes (Mechanism 2)"). |In all of these scenarios,
the only part of Mechanism 2 that is used is the in-band signaling
for IP Multicast Shared Trees, as described in the next section

3.1. In-Band Signaling for IP Milticast Shared Trees

To provide support for in-band nLDP signaling of IP multicast shared
trees, this docunent defines two new nLDP TLVs: the Transit |Pv4
Shared Tree TLV and the Transit | Pv6 Shared Tree TLV.

These two TLVs have exactly the same encoding/format as the | Pv4/ | Pv6
Source Tree TLVs defined in [ RFC6826], except that instead of the
Source field they have an RP field that carries the address of the
RP, as foll ows:

Transit | Pv4 Shared Tree TLV:

0 1 2 3
01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| Type | Length | RP |
I R s e T S e e S S R S e S S e i i it S SR SR R S R e
I | Goup I
R S S T e S T s wih st o SIS SR
I I
B R s i T Tk ST B R R S TR S S e i e i i

Type: 11

Length: 8

RP: | Pv4 RP address, 4 octets.

Goup: |IPvd nmulticast group address, 4 octets
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Transit | Pve Shared Tree TLV:

0 1 2 3
01234567890123456789012345678901
R ok o e e m e e e T S R S o o
| Type | Length | RP ~
R ko ok S R e S e
~ | G oup ~
B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR
- I
R ok T e T e e o e ek i SR N SR R SR S

Type: 12

Length: 32

RP: |1 Pv6 RP address, 16 octets.
Group: |IPv6 multicast group address, 16 octets.

Procedures for in-band signaling for IP nmulticast shared trees with
mLDP foll ow the same procedures as those for in-band signaling for
IP multicast source trees, as specified in [ RFC6826], except that
while the latter signals (S, G state using Transit |Pv4/1Pv6 Source
TLVs, the former signals (*, @ state using Transit |Pv4/1Pv6 Shared
Tree TLVs.

3.2. Oiginating Source Active Auto-discovery Routes (Mechanism 2)

Consi der an LSR that has sone of its interfaces capable of IP
mul ti cast and sonme capable of MPLS nulticast.

Whenever such an LSR creates an (S, G state as a result of receiving
an nLDP Label Map with the Transit |Pv4/1Pv6 Source TLV for (S, G,
the LSR MUST originate a Source Active auto-discovery route if all of
the followi ng are true:

+ S is reachable via one of the IP-multicast-capable interfaces,

+ the LSR deternmines that Gis in the PIMSMin ASM node range, and

+ the LSR does not have a (*, @ state with one of the IP-multicast-
capabl e interfaces as an inconming interface (iif) for that state.
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The route carries a single MCAST-VPN NLRI, constructed as foll ows:
+ The RDin this NLRI is set to O.

+ The Multicast Source field is set to S. The Milticast Source
Length field is set appropriately to reflect this address type.

+ The Multicast Group field is set to G The Milticast Goup Length
field is set appropriately to reflect this address type.

To constrain distribution of the Source Active auto-di scovery route
to the AS of the advertising LSR, this route SHOULD carry the
NO_EXPORT Community ([ RFC1997]).

Usi ng the normal BGP procedures, the Source Active auto-discovery
route is propagated to all other LSRs within the AS.

Whenever the LSR receiving an nLDP Label Map with the Transit

| Pv4/ 1 Pv6 Source TLV for (S,G deletes the (S,G state that was
previously created, the LSR that deletes the state MJIST al so withdraw
the Source Active auto-discovery route, if such a route was
advertised when the state was created.

Not e that whenever an LSR creates an (S, G state as a result of
receiving an mLDP Label Map with the Transit |Pv4/1Pv6 Source TLV for
(S,G with S reachable via one of the IP-nulticast-capable
interfaces, and the LSR already has a (*,G state with the RP
reachabl e via one of the IP-nulticast-capable interfaces as a result
of receiving an nlLDP Label Map with the Transit |Pv4/1Pv6 Shared Tree
TLV for (*, G, the LSR does not originate a Source Active

aut o-di scovery route.

3.3. Receiving Source Active Auto-discovery Routes

Procedures for receiving Source Active auto-discovery routes are the
sanme as those for Mechani sm 1.

3.4. Pruning Sources Of the Shared Tree

If, after receiving a new Source Active auto-discovery route for

(S, G, the LSR determines that (a) it has the (*,G entry inits TIB,
(b) the incomng interface (iif) list for that entry contains one of
the IP interfaces, (c) at least one of the MPLS interfaces is in the
outgoing interface (oif) list for that entry, and (d) the LSR does
not originate an nLDP Label Mapping nessage for (S,G wth the
Transit | Pv4/I1Pv6 Source TLV, then the LSR MJST transition the

(S, G RPT-bit) downstream state to the Prune state. (Conceptually,
the PIM state nmachine on the LSRwill act "as if" it had received
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Prune(S,Grpt) on one of its MPLS interfaces, w thout actually having
received one.) Depending on the (S, G RPT-bit) state on the iif, this
may result in the LSR using PIM procedures to prune S off the Shared
(*, QG tree.

The LSR MUST keep the (S, G RPT-bit) downstream state nmachine in the
Prune state for as long as (a) the outgoing interface (oif) list for
(*, G contains one of the MPLS interfaces, (b) the LSR has at | east
one Source Active auto-discovery route for (S, G, and (c) the LSR
does not originate the nLDP Label Mapping nessage for (S, G wth the
Transit | Pv4/IPv6 Source TLV. Once one or nore of these conditions
becone no longer valid, the LSR MJST transition the (S, G RPT-hit)
downstream state nmachine to the Nolnfo state.

Note that except for the scenario described in the first paragraph of
this section, it is sufficient torely solely on the PIM procedures
on the LSR to ensure the correct behavior when pruning sources off
the shared tree.
3.5. Mre on Handling (S, G RPT-bit) State
The creation and deletion of (S, G RPT-bit) state on an LSR t hat
resulted fromreceiving Pl M nessages on one of its IP nulticast
interfaces do not result in any nLDP and/or BGP actions by the LSR
4. |1 ANA Consi derations
I ANA nmaintains a registry called "Label Distribution Protocol (LDP)
Paraneters" with a subregistry called "LDP MP Opaque Val ue El enent
basic type". [|ANA has allocated two new val ues, as foll ows:
Val ue | Nanme | Reference

11 | Transit |Pv4 Shared Tree TLV | [RFC7442]
12 | Transit |1 Pv6 Shared Tree TLV | [ RFC7442]

5. Security Considerations
Al'l of the security considerations for nLDP ([ RFC6388]) apply here.

Fromthe security considerations point of view, the use of Shared
Tree TLVs is no different than the use of Source TLVs [ RFC6826] .
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