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Abst ract

Thi s docunment describes a nulticast solution for Segnent Routing with
MPLS data plane. It is consistent with the Segnent Routing
architecture in that an IGP is augnented to distribute information in
addition to the link state. In this solution it is nulticast group
menber shi p information sufficient to synchronize state in a given
networ k domain. Conputation is enployed to determ ne the topol ogy of
any |l oosely specified nulticast distribution tree.

Status of this Meno

This Internet-Draft is submtted to |ETF in full conformance
with the provisions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet

Engi neering Task Force (IETF), its areas, and its working
groups. Note that other groups may al so distribute working
docunents as Internet-Drafts.

Internet-Drafts are draft docunments valid for a maxi mum of six
mont hs and nmay be updated, replaced, or obsol eted by other
docunents at any tine. It is inappropriate to use Internet-
Drafts as reference material or to cite themother than as "work
in progress".

The list of current Internet-Drafts can be accessed at
http://ww.ietf.org/ietf/lid-abstracts.txt.

The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow. htmi .

This Internet-Draft will expire on Decenber 2016.
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1. Introduction

This meno describes a solution for multicast for Segnent Routing with
MPLS data plane in which source specific nulticast distribution trees
(MDTs) are conputed frominformation distributed via an | GP
Conput ati on can use information in the IGP to deternmine if a given
node in the network has a role as a root, leaf or replication point
in a given MDT. Unicast tunnels are enployed to interconnect the
nodes deternmined to have a role. Therefore state only need be
installed in nodes that have one of these three roles to fully
instantiate an MDT.
Al t hough this approach is conputationally intensive, a significant
amount of conputation can be avoi ded when the conputing agent
determnes that the node it is conmputing for has no role in a given
MDT. This permits a conputed approach to multicast convergence to be
conputationally tractable.

1.1. Authors

Dave Allan, Jeff Tantsura
1.2. Requirenents Language

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

2. Conventions used in this docunent
2. 1. Term nol ogy

Candi date replication point - is a node that potentially needs to
install state to replicate nmulticast traffic as deternmined at an
intermedi ate step in multicast segment conputation. It will either
resolve to having no role or arole as a replication point once
mul ti cast has converged.

Candidate role - refers to any potential conbination of roles on a
given nulticast segnent as determined at sone internediate step in
MDT comput ation. For exanple, a node with a candidate role nmay be a
| eaf and may be a candi date replication point.

Downstream - refers to the direction along the shortest path to one
or nmore leaves for a given nulticast distribution tree
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Mul ticast convergence - is when all conputation and state
installation to ensure the FIB reflects the nulticast information in
the 1GP is conplete.

MDT - multicast distribution tree. Is a tree conposed of one or nore
mul ti cast segments.

Mul ticast segnent - is a portion of the multicast tree where only the
root and the | eaves have been specified, and computation based upon
the current state of the | GP database is enployed to determ ne and
install the required state to inplenent the segnent. For MPLS a

mul ticast segnment is inplenmented as a p2np LSP. A nulticast segnent
is identified by a multicast SID

Multicast SID - Is the data plane identifier that is used to
i npl ement a nulticast segnent. As per a unicast MPLS segnent, the
rightnmost 20 bits of a nulticast SIDis encoded as a label. It is

drawn froman SRGB that is global to the SR donain.

Pinned path - |Is a unique shortest path extending froma | eaf
upstream towards the root for a given nulticast segnent. Therefore is
a conponent of the nulticast segnent that it has been detern ned nust
be there. It will not necessarily extend fromthe leaf all the way to
the root during internedi ate conputation steps. A pinned path can
result from pruning operations.

Role - refers specifically to a node that is either a root, a leaf, a
replication node, or a pinned waypoint for a given MDT

Uni cast convergence - is when all conputation and state installation
to ensure the FIB reflects the unicast information in the IGP is
conpl ete

Upstream - refers to the direction along the shortest path to the
root of a given MDT

3. Sol ution Overview

This meno describes a nmulticast architecture in which nmulticast state
is only installed in those nodes that have roles as a root, |eaves,
and replication points for a given nulticast segnent. The a-priori

est abl i shed segment routing unicast tunnels are used as interconnect
bet ween the nodes that have a role in a given multicast SlID.

A |l oosely specified MDOT is conposed of a single multicast segment and

the routing of the MDT is delegated entirely to conputation driven by
information in the | G° dat abase.
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Explicitly routed MDTs are expressed as a tree of concatenated
mul ti cast segnments where both the | eaves of each segnent and the
waypoi nts coupling a given segnent to the upstream and/ or downstream
segnment (s) is specified in information flooded in the I1GP by the
overall root of the MDT. The segnents thenselves will be conputed as
per a | oosely specified M.

A PE acting as an overall root for a given tree is expected to be
configured by the operator as to where to source nmulticast traffic
from be it an attachnent circuit, interworking function for client
technology or other. Simlarly a leaf for a given tree is expected to
be configured by the operator as to the disposition of received

nmul ticast traffic.

A comput ed segnent is guaranteed to be loop free in a stable system
A concatenation of segnments to construct an MDT will simlarly be

| oop free as any collision of segnents can be disanbiguated in the
data plane via the SIDs.

This architecture significantly reduces the anbunt of state that
needs to be installed in the data plane to support nulticast. This
al so neans that the inpact of nany failures in the network on

mul ticast traffic distribution will be recovered by unicast |oca
repair or unicast convergence with subsequent nulticast convergence
acting in the role of network re-optimzation (as opposed to
restoration).

3.1. Mapping source specific trees onto the segnent routing architecture

A conmput ed source specific tree for a given multicast group
corresponds to one or nore nulticast segnents in the SR architecture.
Each nulticast segnent is assigned a SID, typically by managenent
configuration of the node that will be the overall root for the
source specific tree. The root node then uses the IGP to advertise
this information to all nodes in the | GP areal/domain.

A multicast group is inplemented as the set of source specific trees
fromall nodes that have registered transmt interest to all nodes
that have registered receive interest in a multicast group

3.2. Role of the Routing System

The role of the IGP is to comunicate topology information, nulticast
capability and associated algorithm nmulticast registrations, unicast
to SID bindings, multicast to SID bindings and waypoints in nmulti-
segnment MDTs. No changes to topology or unicast to SID binding
adverti senents are proposed by this neno.
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The multicast registrations/bindings will be in the formof source,
group, transnmit/receive interest and the SID to use for the source
specific nulticast tree. Registrations are originated by any node
that has send or receive interest in a given nulticast group. Nodes
will use the conbination of topology and nulticast registrations to
determ ne the nodes that have a role in each source specific tree and
the SID information to then derive the required FIB state.

3.3. MDT Construction Requirenents

A multicast segnent in an MDT is constructed such that between any
pai r of nodes that have a role in the segnent and are connected by a
uni cast tunnel, there is not another node on the shortest path
between the two with a role in that segnent. This ensures that copies
of a packet forwarded by an multicast segnment will traverse a link
only once in a stable system

Note that this can be satisfied by a nininmmcost shortest path tree,
but is not an absolute requirement. The pruning rules specified in
this meno will neet this requirenent w thout necessarily producing
absol utely m ni mum cost multicast segnment (or incurring the

associ ated conputational cost).

3.4. Pruning - theory of operation

The role of nodes in a given nulticast segnent is determ ned by first
produci ng an inclusive shortest path tree with all possible paths

bet ween the root and | eaves, and then applying a set of pruning rules
repeatedly until an acyclic tree is produced or no further prunes are
possi bl e.

For the majority of multicast segnents these rules wll
authoritatively produce a mninumcost tree. For those segnents that
have not yet been authoritatively resolved, there is a set of pruning
operations applied that are not guaranteed to produce a tree that
nmeets the requirenments of 3.3, therefore these trees require auditing
and potential correction according to a further set of agreed rules.
This avoids the necessity of an exhaustive search of the solution
space.

A node during conputation of a segnent may conclude that it will

absolutely not have a role at any of nunerous points in the
comput ati on process and abandon conputation of that segnent.

Allan et al., Expi res Decenber 2016 [ Page 6]



Internet-Draft draft-allan-spring-npls-nulticast-01 June 2016

4. El enments of Procedure
4.1. Triggers for Conputation

MDT conputation is triggered by changes to the | GP database. These
are in the formof either changes in registered nulticast group
interest, addition or renoval of a multi-segnent MDT descriptor, or
t opol ogy changes.

A change in registered interest for a group will require re-
conmputation of all MDTs that inplenent the nulticast group

A topol ogy change will require the conputati on of sone nunber of
mul ti cast segments, the actual nunber will depend on the

i npl ementation of tree conputation but at a minimumw ||l be all trees
for which there is not an optinmal shortest path solution as a result
of the topol ogy change.

4.2. FIB Determ nation
4.2.1. Information in the |IGP

G oup nenbership information for a nmulticast segnment is obtained from
the 1GP. This is true for single segment MDTs as well as nulti-
segrment MDTs. Included in the nulti-segment MDT specification is the
waypoi nt nodes in MDT and the upstream and downstream Sl Ds. The
specified node is expected to cross connect the SIDs to join the
segnents together acting in the role of |eaf for the upstream segnent
and root for the downstream segnent.

When a waypoint in an MDT descriptor does not exist in the IGP, the
assunption is that the node identified by the waypoint SID has

fail ed. The response of the other nodes in the systemin FIB
determnation is to add the | eaves of the downstream segnent to the
upstream segnent .

An exanpl e of this would be consider a node "x", and another node
"y". At some point in tinme, "x" advertises a tree that identifies "y
as a waypoint that cross connects upstream SID "a" to downstream SID
"b". At sone later point node "y" fails. The other nodes in the
network will conpute segnent "a" as if it included all |eaves and
waypoi nts in segnent "b". Al apriori state installed for segnent "b"
woul d be renoved as the failure of "y" has required "b" to be
subsunmed by "a".
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4.2.2. Conputation of individual segnents

FI B generation for a nulticast segnent is the result of conputation
ultimately as applied to all source specific trees in the network.
Al'l conputing nodes inplement a common algorithmfor tree generation
as all MJST agree on the sol ution

One algorithmis as follows:

Al'l possible shortest paths to the set of |eaves for the MDT is
determi ned. Then pruning rules are repeatedly applied until no
further prunes are possible.

The phil osophy of the application of these rules could be expressed
as "sinplify as nmuch as possible, and prune that which cannot be"
The rules are:

1) Elinminate any |inks and nodes not on a potential shortest path
fromthe root to the | eaves for the MDT under consideration

2) Sinmplify via the replacenent of any nodes that do not have a
potential role in the MDT with |inks.

This will be nodes that are not a leaf, a root or a candidate
replication point. For exanple:

Bis aleaf. Ais not but is in a potential shortest path fromroot
to B. However Awill have no role in the MDT that serves B as it
provides sinple transit therefore is replaced with a direct
connection between the root and B

Root-------------------- B
Not e that such pruning al so needs to avoid the creation of
duplicate parallel links. For exanple:
R Ammmmme - \
Root B
I C--------- /

Wiere A and C have no role and the cost root-A-B = cost root-C B,
they can be replaced with a single Iink fromRoot to B
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3) Sinplify via the elimnation of fewer hop paths

When for a given set of |eaves, a node has nultiple downstream

I inks that converge on a commbn downstream point, and that set of
| eaves is only a subset of the | eaves reachable on one or nore of
the links, any link that only serves that subset of |eaves can be
pr uned.

For exanpl e:

Link AB is cost 2, link AC and CB are cost 1 (cost of link CD does
not affect the exanple).

B and D are | eaves of a root upstreamof A FromA, |ink AB can
reach leaf B. Path AC can reach leaf B and D. In this case path A-B
can be pruned from consideration. The set of |eaves reachable via
link A-B is a subset of that reachable by A-C, and the paths fromA
that serves that subset converges at B

4) Prune via the elimnation of upstreamlinks where the nearest
reachabl e leaf is further than the closest |eaf or pinned path,
and that path does not have a candidate replication point closer
than the closet |eaf or pinned path, as the resulting tree wll
require the shortest path to transit the cl osest upstream|eaf or
pi nned pat h.

For each upstreamlink for each leaf in a segment the nearest |eaf
or pinned path is determ ned. Those |inks for which the nearest
leaf is further upstreamthan the closest |eaf are pruned.

If, at the end of pruning and sinplification, all leaves in a
mul ti cast segment have a uni que shortest path to the root, the tree
is considered resolved, and the conmputation can progress directly to
the FIB generation step.

If not all | eaves have a uni que shortest path, additional pruning
steps are applied. These steps are NOT guaranteed to produce a | owest
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cost tree, and therefore require an additional audit and possible
nmodi fication to ensure when forwardi ng a nmaxi nrum of one copy of a
packet will traverse an interface.

For segnments not authoritatively resolved by the above rules, a prune
that will not authoritatively result in a mninmumcost tree is
appl i ed. For the purpose of interoperability, the following rule is
proposed: A computing node will select the closest node to the root
with a candidate role that does not have a unique shortest path to
the root. Where nore than one such node exists, the one with the

| owest unicast SIDis selected. For that node, the best upstreamlink
is selected and all other upstreamlinks pruned. The best upstream
link is defined as the link with the closest node with a candi date
role that potentially serves the hi ghest nunmber of |eaves. Were
there is a tie, once again the node with the lowest SID is selected.

Once the |inks have been pruned, rules 2 through 4 are repeatedly
applied until either the tree is fully resolved, or again no further
prunes are possible, in which case the next closest renaining

unr esol ved node has the sanme prune appli ed.

For all segnments not resolved by the initial prune rules, they are
audited to ensure all nodes that have a role in the tree do not have
a node with a role between them and their upstream node on the tree.
If they do, the old upstream adjacency is renoved, and the superior
one added.

4.3. FIB Generation

The topol ogy conponents that rermain at the end of the pruning
operation will reflect all nodes that have a role in a given

mul ticast segnment plus the necessary tunnels (as all intervening
multi-path scenarios will have been sinplified away). Fromthis the
FI B can be generat ed:

Al'l nodes that have a role in a given nmulticast segnent and have
nodes upstreamin the segnent will need to accept the SID for the MT
fromat mnimm all upstreaminterfaces.

Al'l nodes that have a role in a given segnent and have nodes
i medi ately downstreamin the segnent will need to replicate packets
sinply labelled with the nmulticast SID onto those interfaces.

Al'l nodes that have a role in a given segment and have nodes

reachabl e via a tunnel downstream set the FIB to push the tunne
uni cast SID for the downstream node onto any replicated copies of a
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recei ved packet, and identify the set of interfaces on the shortest
path for the tunnel SID.

4.4, FIB installation

5.

FIB installation needs to acknow edge two aspects of the hybrid
tunnel and role nodel of nulticast tree construction. The first is
that because of the sparse state nodel sinple tree adds, noves, and
changes may require the installation of state where it did not
previously exist, and such changes may inpact existing services. The
second is that it is possible to retain the know edge to prioritize
comput ation of those trees inpacted the failure of a node with a
role.

To address this, there are three stages of state installation for
mul ti cast convergence

1) I nmrediate:

a. Installation of state for nulticast segnents inpacted by the
failure of a node in the network, and installation of state
for segnents in nodes that have not previously had a role in
the given segnent.

b. Installation of state for waypoints in multi-segnment MDTSs.

2) After T1: Update state for nodes that both had and have a role in
a given nmulticast segnent.

3) After T2: Renoval of state for nodes that transition fromhaving a
role to not having a role for a given nulticast segnent.

Tl and T2 are network wi de configurabl e val ues.

Rel at ed wor k

5.1. | GP Extensions

The required | GP changes are documented in [ MCAST-1SIS] and [ MCAST-
OPSF] .

5.2. BGP Extensions

This meno will require the specification of a new PVMSI Tunne
Attribute (SPRING P2MP tunnel, tentatively 0x09) to order to
integrate into the nmulticast framework docunented in RFC 6514
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6. (bservations

This technique is not confined to segnent routing, and with the
provi sion of a global |abel space (to be enployed as per a nulticast
SID), an MPLS-LDP network would al so provide the requisite nesh of
uni cast tunnels and be capabl e of inplenenting this approach to

nmul ti cast.

This meno focuses on an inplenentation based upon nodes that are | GP
speakers and converge i ndependently so is witten in a formthat
assunes a node, conputing node and | GP speaker are one in the sane.

It should be observed that the relative frugality of data plane state
woul d suggest that separation of conputation fromnodes in the data
pl ane comnbi ned wi th nanagenent or "software defined networking" based

popul ation of the multicast FIB entries may al so be useful nodes of
net wor k operation
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