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Abstract

An IP Multicast Distribution Tree (MDT) nay traverse both | abe
switching (i.e., Miltiprotocol Label Swi tching, or MPLS) and non-

| abel switching regions of a network. Typically, the MDT begi ns and
ends in non-MPLS regions, but travels through an MPLS region. In
such cases, it can be useful to begin building the MDT as a pure IP
MDT, then convert it to an MPLS Multipoint Label Sw tched Path
(MP-LSP) when it enters an MPLS-enabl ed region, and then convert it
back to a pure IP MDT when it enters a non- MPLS-enabl ed regi on

O her docunents specify the procedures for building such a hybrid
MDT, using Protocol |ndependent Multicast (PIM in the non-MPLS
region of the network, and using Miltipoint Label Distribution
Protocol (nmlLDP) in the MPLS region. This docunment extends those
procedures to handle the case where the link connecting the two
regions is a Virtual Routing and Forwarding (VRF) table |ink, as
defined in the "BGP | PP MPLS VPN' specification. However, this
docunent is primarily aimed at particular use cases where VRFs are
used to support mnulticast applications other than multicast VPN
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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 nay be obtained at
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1.

I nt roducti on

Sonetimes an IP Miulticast Distribution Tree (MDT) traverses both
MPLS- enabl ed and non- MPLS-enabl ed regi ons of a network. Typically,
the MDT begins and ends in non-MPLS regions, but travels through an
MPLS region. |In such cases, it can be useful to begin building the
MDT as a pure |P MDT, then convert it to an MPLS Multi point Labe
Switched Path (LSP) when it enters an MPLS-enabl ed region, and then
convert it back to a pure I P MDT when it enters a non- MPLS-enabl ed
region. Oher docunents specify the procedures for building such a
hybrid MDT, using Protocol |ndependent Multicast (PIM in the non-
MPLS region of the network, and using Miltipoint Label Distribution
Protocol (nlLDP) in the MPLS region. This docurment extends the
procedures from [ RFC6826] to handl e the case where the |ink
connecting the two regions is a Virtual Routing and Forwardi ng (VRF)
table link, as defined in the "BG | P/ MPLS VPN' specification

[ RFC6513]. However, this docunent is primarily aimed at particul ar
use cases where VRFs are used to support nulticast applications other
than nul ticast VPN

In PIM a tree is identified by a source address (or in the case of
bidirectional trees [ RFC5015], a rendezvous point address or "RPA")
and a group address. The tree is built fromthe | eaves up, by
sending PIMcontrol nessages in the direction of the source address
or the RPA. In nlDP, atree is identified by a root address and an
"opaque value", and is built by sending nliLDP control nessages in the
direction of the root. The procedures of [RFC6826] explain howto
convert a PIM <source address or RPA, group address> pair into an
mLDP <root node, opaque val ue> pair and how to convert the nlLDP <root
node, opaque val ue> pair back into the original Pl M <source address
or RPA, group address> pair.

However, the procedures in [RFC6826] assune that the routers doing
the PI M nLDP conversion have routes to the source address or RPA in
their global routing tables. Thus, the procedures cannot be applied
exactly as specified when the interfaces connecting the non- MPLS-
enabl ed region to the MPLS-enabl ed region are interfaces that bel ong
to a VRF as described in [RFC4364]. This specification extends the
procedures of [RFC6826] so that they may be applied in the VRF

cont ext .

As in [RFC6826], the scope of this docunment is linited to the case
where the multicast content is distributed in the non-MPLS-enabl ed
regions via PlMcreated source-specific or bidirectional trees.

Bi directional trees are always mapped onto mnul ti point-to-nultipoint
LSPs, and source-specific trees are always nmapped onto point-to-
mul ti point LSPs.
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Note that the procedures described herein do not support non-

bi directional PIM Any-Source Milticast (ASM groups, do not support
the use of nulticast trees other than nmLDP multipoint LSPs in the
core, and do not provide the capability to aggregate nmultiple PIM

trees onto a single multipoint LSP. |If any of those features are
needed, they can be provided by the procedures of [RFC6513] and
[ RFC6514]. However, there are cases where nulticast services are

of fered through interfaces associated with a VRF, and where nmlLDP is
used in the core, but where aggregation is not desired. For exanple,
sonme service providers offer multicast content to their custoners,
but have chosen to use VRFs to isolate the various customers and
services. This is a sinpler scenario than one in which the custoners
provide their own multicast content, out of the control of the
service provider, and can be handled with a sinpler solution. Al so,
when PIMtrees are mapped one-to-one to nmultipoint LSPs, it is

hel pful for troubl eshooting purposes to have the PI M source/ group
addresses encoded into the nlLDP FEC (Forwardi ng Equi val ence d ass)

el ement in what this document terms "nLDP in-band signaling"

In order to use the nmlLDP in-band signaling procedures for a
particul ar group address in the context of a particular set of VRFs,
those VRFs MUST be configured with a range of nulticast group
addresses for which nLDP in-band signaling is to be enabled. This
configuration is per VRF defined in [RFC4364]). For those groups,
and those groups only, the procedures of this docunment are used. For
ot her groups, the general -purpose multicast VPN procedures MAY be
used, although it is nmore likely this VRF is dedicated to nLDP in-
band signaling procedures and all other groups are discarded. The
configuration MUST be present in all PE routers that attach to sites
contai ni ng senders or receivers for the given set of group addresses.
Not e that because the provider nost |likely owns the nulticast content
and the method of transportation across the network, which are both
transparent to the end user, no coordination needs to happen between
the end user and the provider

1.1. Conventions Used in This Docunent
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 RFC 2119 [ RFC2119].
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1.2. Termi nol ogy

I n-band signaling: Using the opaque value of an nlLDP FEC el enent to
encode the (S,G or (*,Q identifying a particular IP nmulticast
tree.

Ingress LSR.  Source of a P2MP LSP, also referred to as root node.

IP multicast tree: An IP nulticast distribution tree identified by a
source | P address and/or I P nulticast destination address, also
referred to as (S,G and (*, Q.

nmLDP: Ml tipoint LDP
MP LSP: A multipoint LSP, either a P2MP or an MP2MP LSP

MP2MP LSP: An LSP that connects a set of |eaf nodes, acting
indifferently as ingress or egress (see [RFC6388]).

P2MP LSP: An LSP that has one Ingress LSR and one or nore Egress
LSRs (see [ RFC6388]).

RPA: Rendezvous Poi nt Address, the address that is used as the root
of the distribution tree for a range of nulticast groups.

RD: Route Distinguisher, an identifier that nakes a route unique in
the context of a VRF

UVH. Upstream Multicast Hop, the upstreamrouter in that is in the
path to reach the source of the nmulticast flow.

VRF: Virtual Routing and Forwarding table.
2. VRF In-Band Signaling for MP LSPs

Suppose that a PE router, PEl, receives a PIMJoin(S, G nessage over
one of its interfaces that is associated with a VRF. Follow ng the
procedure of Section 5.1 of [RFC6513], PEl determ nes the "upstream
RD', the "upstream PE', and the "upstream nulticast hop" (UWH) for
the source address S

In order to transport the nulticast tree via a nultipoint (MP) LSP
usi ng VRF in-band signaling, an nLDP Label Mapping nessage i s sent by
PE1. This message will contain either a P2MP FEC or an MP2MP FEC
(see [ RFC6388]), depending upon whether the PIMtree being
transported is a source-specific tree, or a bidirectional tree,
respectively. The FEC contains a "root" and an "opaque val ue"
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If the UWH and the upstream PE have the same | P address (i.e., the
upstream PE is the UVH), then the root of the nultipoint FEC is set

to the I P address of the upstream PE. [If, in the context of this
VPN, (S, G refers to a source-specific MDT, then the values of S, G
and the upstream RD are encoded into the opaque value. |If, in the

context of this VPN, Gis a bidirectional group address, then Sis
replaced with the value of the RPA associated with G

The encoding details are specified in Section 3. Conceptually, the
mul ti point FEC can be thought of as an ordered pair:

{root =<Upstream PE>; opaque_value=<S or RPA, G Upstream RD>}. The
nLDP Label Mapping nessage is then sent by PE1 on its LDP session to
the "next hop" on the nmessage’s path to the upstream PE. The "next
hop" is usually the directly connected next hop, but see [ RFC7060]
for cases in which the next hop is not directly connect ed.

If the UVH and the upstream PE do not have the sane | P address, the
procedures of Section 2 of [RFC6512] should be applied. The root
node of the nmultipoint FECis set to the UVMH The recursive opaque
value is then set as follows: the root node is set to the upstream
PE, and the opaque value is set to the nultipoint FEC described in
the previous paragraph. That is, the nmultipoint FEC can be thought
of as the follow ng recursive ordered pair: {root=<UVH>;
opaque_val ue=<r oot =Upst ream PE, opaque_val ue=<S or RPA, G

Upstream RD>>}.

The encoding of the multipoint FEC al so specifies the "type" of PIM
MDT being spliced onto the nultipoint LSP. Four opaque encodi ngs are
defined in [ RFC6826]: | Pv4 source-specific tree, 1 Pv6 source-specific
tree, I1Pv4 bidirectional tree, and I Pv6 bidirectional tree.

When a PE router receives an nlDP nessage with a P2MP or MP2MP FEC,
where the PE router itself is the root node, and the opaque value is
one of the types defined in Section 3, then it uses the RD encoded in
the opaque value field to determine the VRF context. (This RD wll
be associated with one of the PEs VRFs.) Then, in the context of
that VRF, the PE follows the procedure specified in section 2 of

[ RFC6826] .
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This section docunents the different transit opaque encodi ngs.

3.1. Transit VPNv4 Source TLV

Thi s opaque val ue type is used when transporting a source-specific
mode mul ticast tree whose source and group addresses are | Pv4
addr esses.

0

1

3

01234567890123456789012345678901
e T S S S e i i S DU S S S S R S T S S

| Type

Lengt h

Sour ce

T i S S e T S S S s S S SER S S S

G oup

T I T S S T S S

e T S S e s St S DU S BEp S S S o S S

RD

e i S T S S e S S

Type:
Lengt h:
Sour ce:

G oup:

RD: Route Distinguisher,

W j nands,

250

16

| Pv4 mul ticast source address,

I Pv4 nmulticast group address,

et al.

8 octets.

St andards Track
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4 octets.
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3.2. Transit VPNv6 Source TLV

Thi s opaque val ue type is used when transporting a source-specific
nmode mnul ticast tree whose source and group addresses are |Pv6
addr esses.

0 1 2 3
01234567890123456789012345678901
i S S T i S S e e i S S S S

| Type | Length | Source ~
i i i T i I S i e s o o i i
~ | G oup ~

T e i S i I S ek i U N SR S
I T S S i S S i S S S R e Sy
~ RD |
i S s S it S SR S SR S S

Type: 251
Length: 40
Source: |Pv6 nulticast source address, 16 octets.

Group: |Pv6 multicast group address, 16 octets.

RD: Route Distinguisher, 8 octets.
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3.3. Transit VPNv4 Bidir TLV

Thi s opaque val ue type is used when transporting a bidirectional
mul ticast tree whose group address is an | Pv4 address. The RP
address is also an | Pv4 address in this case.

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Length | Mask Len |
e e o e T i i S SR SN SR S
RP |
B s o T o i R R S i ik i Sh SRR N S
G oup |
B S S e i S S T A S S S S S S i S S
RD |
B S i i T S i ik i H

+ 1 +— +—

Type: 9
Length: 17

Mask Len: The nunber of contiguous one bits that are left justified
and used as a nask, 1 octet.

RP: Rendezvous Point (RP) |Pv4 address used for the encoded G oup, 4
octets.

Group: |IPv4d multicast group address, 4 octets.

RD:  Route Distinguisher, 8 octets.
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3.4. Transit VPNv6 Bidir TLV

Thi s opaque val ue type is used when transporting a bidirectiona
mul ticast tree whose group address is an | Pv6 address. The RP
address is also an | Pv6 address in this case.

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Length | Mask Len |
R e s T o T S R El ok i R e e S S e o o s

RP -~
i T T S i i s i e S S S e S S S T i St I NI S

+ 1+

B i STt TR T i st SR T S S e S i st soths sETE SEIE SRR SR SR SR SR SR SR S S i st SR
G oup ~
I i i ik ol (NI EE S S R T R R R R R it il S R S it ot I SR R

+-
e i S e I S I ik i S N SR S
~ RD |
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
Type: 10

Length: 41

Mask Len: The nunber of contiguous one bits that are left justified
and used as a nmask, 1 octet.

RP: Rendezvous Point (RP) |Pv6 address used for the encoded group,
16 octets.

G oup: IPv6e multicast group address, 16 octets
RD: Route Distinguisher, 8 octets.

4. Security Considerations
The sane security considerations apply as for the base LDP
specification, described in [RFC5036], and the base nlLDP
specification, described in [ RFC6388].
Operators MJST configure packet filters to ensure that the nechani sm

described in this meno does not cause non-gl obal -scoped | Pv6
mul ti cast packets to be tunnel ed outside of their intended scope.
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5. | ANA Consi derati ons

[ RFC6388] defines a registry for the "LDP MP Opaque Val ue El enent

basi c type". |ANA has assigned four new code points in this
registry:

Transit VPNv4 Source TLV type - 250

Transit VPNv6 Source TLV type - 251

Transit VPNv4 Bidir TLV type - 9

Transit VPNv6 Bidir TLV type - 10
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