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1. Introduction

The docurnent [I-D.draft-konpella-teas-npte] introduces a multipath
traffic engineering concept that conbines the benefits of both Equal -
Cost Multipath (ECWP) forwarding and traffic-engineered paths. This
approach uses a Directed Acyclic G aph (DAG based forwarding
mechanism with the DAG signaled to participating network nodes. The
concept is to nove beyond sinple ECMP paths by incorporating both
ECMP and non- ECMP paths while still adhering to traffic engi neering
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constraints, to provide added resiliency while also pernmitting better
usage of |ink bandw dt h.

[1-D.draft-konpella-teas-npte] outlines the architecture design which
can be applied to both distributed and centralized signaling for
various tunnel types, including MPLS, I P, and others while |eaving
the specific details of each out of scope.

Thi s docunent proposes and di scusses a centralized conputation and
signaling nmechani smfor SR-based networks, primarily utilizing

exi sting constructs and capabilities. As MPTE evol ves, new

ext ensions to SR-based docunents nmay be needed, both in terns of
architecture and protocol -specific semanti cs.

The docunent assunes the reader is famliar with [ RFC8402],
[ RFC9256], and [I-D.draft-konpell a-teas-npte].

1.1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here

2. Term nol ogy

* For MPTE term nol ogy such as MPTED, DAG MC, M D, Junction node
and others see [I-D.draft-konpell a-teas-npte].

* For SR term nol ogy see [ RFC8402] and [ RFC9256].
3. MP-TE vs Miultiple SID lists

It's inportant to recognize the SR Policy information nodel supports
multiple SIDIists, effectively encoding nultiple unique paths on a
tunnel at the ingress. A Directed Acyclic Gaph (DAG can be
represented as a collection of individual paths, each of which can be
programed as a separate SID list within an SR Policy Candi date Pat h.
However, dependi ng on the graph topol ogy, the nunber of unique paths
to encode can grow significantly. Additionally, in traditional SID
|ist approaches, hashing is perfornmed only at the ingress, rather
than at each downstream node. |In contrast, a DAG based nmechani sm may
all ow better traffic distribution or |localized tuning based on

| ocal i zed wei ght changes. Finally, the maxi num segnent depth (MSD)
may need to be considered for |long paths that deviate significantly
fromthe shortest path
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In conparison, encoding a DAG s forwarding instructions across the
participating Junction nodes reduces the nunber of individual SID
lists at the ingress, but at the cost of increasing state in the
network. \Wile source-based routing ains to reduce network state,
there is a trade-of f between the volune and length of SIDIlists
versus distributing that state throughout the network to achieve
mul tipath traffic engi neering use cases.

The choi ce between using nultiple ingress segnent lists or the MPTE
DAG based di stributi on nechani sm depends on the traffic engi neering
requirenents, overall network design, link/path nmetrics, and the
DAG s structure.

4. MP-TE concepts with Segnent Routing

Thi s docunent proposes the bel ow concepts for applying MPTE in an SR
envi ronment .

4.1. MPTED

The MPTED i s managed by a centralized controller, such as a PCE
acting as the MC. Topol ogy di scovery is perfornmed using BGP-LS

[ RFC7752], while transport control plane signaling is achieved
through controller-oriented protocols such as PCEP [ RFC5440],

[ RFC8231] and BGP/ BGP- LS
[I-D.draft-ietf-idr-segnent-routing-te-policy],
[I-D.draft-ietf-idr-bgp-Is-sr-policy]. The MC conputes, manages, and
distributes all forwarding information to the nodes participating in
the MPTE DAG which formthe MPTED.

[1-D.draft-konpella-teas-npte] specifies that a node in the MPTED i s
identified by its I Pv6 | oopback address. However, this docunent

all ows the use of a 32-bit dotted quad router ID as an alternative
This val ue represents the headend address of a node participating in
t he DAG

As per [I-D.draft-konpella-teas-npte], the controller acting as the
MC is responsible for assigning the MPID and increnenting the MPTED
uni que | D version.

4.2. Junction Segnent
The concept of a Junction Segnent is introduced to describe the

signaling and forwardi ng behavior of a Junction node in an SR
net wor k.
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It’” s worth noting that the architectural use of a Junction Segnent is
anal ogous to a Replication Segnent [ RFC9524], but it perforns
forwardi ng based on | oad bal ancing rather than replication

A Junction Segnent is installed on nodes identified as Junction
Nodes, as defined in [I-D.draft-konpella-teas-npte].

Thi s docunent version proposes that a Junction Segrment is realized
using the existing SR Policy construct with a single Candi date Path.
Future document versions may evol ve the Junction segnent into its own
explicit segnment type as opposed to | everaging the existing SR Policy
constructs. A Binding Segnent is attached to an SR Policy Candi date
Path with one or more SID Lists. OF instruction signaling is

achi eved via segnment lists, where the top SID identifies the outgoing
interface(s).

Since a Junction Segnent nmay egress to multiple downstream nodes, the
endpoi nt of the corresponding SR Policy MIST be set to the null val ue
(0.0.0.0). Therefore, a Junction segnment is identified by its
<headend, color> attribute. This docunent currently assunes that the
col or value be encoded with both the MD and version. However,
further updates nmay include additional encodi ng of these independent
val ues in the SR Policy nodel.

Si nce SR-based networks support specifying multiple egress interfaces
usi ng adj acency-SID sets and Node SIDs, the Junction Segnent NMAY
include a SIDlist entry that identifies nultiple outgoing
interfaces. In addition to egress interfaces,

[1-D. draft-konpell a-teas-npte] describes signaling ingress
interfaces. The use of a Junction Segnent onits the need for per-
interface ingress signaling as a single Binding Segnent attached to
an SR Policy is used. Al upstreamoriginated traffic sent to a
downstream Juncti on Node uses the same, single Junction Segment val ue
which is a Binding Segnent.

4.3. MPTE SR Policy - Tunnel with nultiple ingress/egress

[1-D.draft-konpell a-teas-npte] specifies that an MPTE Tunnel could
have nultiple ingress and/or multiple egress nodes. Currently, the
SR Policy architecture defines an SR Policy using a {Headend,

Endpoi nt, Color} tuple, where the Endpoint may be set to the nul
value (0.0.0.0), indicating multiple destinations.

For controller-initiated tunnels, the intended ingress and egress
node(s) can be provided to the controller based on inpl enentation-
specific nethods. These nmay be signhaled to the network as nultiple
tunnels to support nulti-ingress scenarios. Each tunnel MAY use a
nul I Endpoi nt value to support nulti-egress.
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However, MPTE SR Policies that are originated or defined by network
devices are typically limted to a single ingress and a single egress
endpoi nt unl ess protocols such as PCEP or NETCONF are extended to
encode additional intended destination node(s) for controller-based
path conputation. Extensions to the SR Policy architecture may be
needed to support signaling of nmultiple intended destinations for
pat h conput ati on.

Support for network-originated or device-defined MPTE SR Pol i ci es
with multiple ingress nodes is currently out of scope.

5. Operation

A path computation request or tunnel delegation notification is sent
to the controller, specifying one or nore ingress and egress nodes,
along with constraints. This request may originate froman ingress
router in the network or be provisioned directly via an APl to the
controller. This tunnel conputation request or del egation pertains
to an instance of an MPTED, which is assigned an identifier and a
ver si on.

The controller conputes the DAG for ingress and all egress endpoints
to determine all Junction nodes in the DAGto be used for the tunnel

The controller signals the Junction Segment to all downstream nodes,
starting with the penultimte egress hop node(s) and worki ng upwards
toward the ingress nodes.

Junction Segnment depl oynents are in the formof a unicast SR Policy
with a single Candi date Path using protocols such as PCEP, BGP, or
NETCONF. The optional use of an MPTED Reflector is protoco

specific. For exanple, PCEP sessions term nate on each and every
Junction node in the topol ogy and BGP may do the same or make use of
a BGP Route Reflector. A BSID MIST be explicitly requested or
signaled to the Junction node for assignnent. |f the controller opts
for | ocal node assigned value, it MJST wait to signal upstream
Junction nodes about their Junction segnments in their outgoing SID
lists.
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5.

1.

Each SR Policy contains one or nore SID lists. These SID lists nust
include at |least two segnment identifiers: one SID for forwarding to
the downstream Juncti on node and one for the Junction Segnment val ue
(BSI D) of the downstream node. For directly connected nei ghbors,
this may be the adjacency or node SID for the neighbor. For Junction
nodes that are not directly connected, additional SIDs MAY be used to
steer the packet along an ECMP or non-ECMP path to the downstream
Junction node. It is worth noting that if the SID list conprises of
only an Adjacency-SID and the Junction SID of the neighbor node, then
t he dat apl ane packet contains only one SID on egress which is the
Junction SID of the nei ghboring node.

Exanpl e
S + S +
I | 10 | I
| B | ----- | E |
-- ! ! -\
10 -/ F------ + F------ + --\ 10
-/ | 10 -\

-/ | -
+o- - - - + +o- - - - + +o- - - - + +o- - - - +
I I I I I I I I
| A ] - | c |- | F -] H |
I | 10 | | 5 | | 10 | I
E S + E S +\ [ +------ + E S +

-\ | 5 \ / 5| (Pruned) -/

-\ | !\ -/
20 -\ A------ +/ (R + -/ 10
- | 5 | | /
| D | ----- | G |
I I I I
S + S +

Figure 1 : Exanple Topology to apply DAG

Figure 1 presents a sanple topology for one ingress and one egress
MPTE Tunnel established as an SR Policy. The MPTE tunnel is fromA
to H The figure presents the bi-directional |ink weights for an
arbitrary netric (1GP, TE, Delay etc).

Note there is a nesh between C, D, F and G of weight 5 per link
Pruned represents an excluded link due to TE constraints. |n the

bel ow, the term nology {u,v} represents a unidirectional |ink between
Uand V. The term nol ogy Adj-SID XY represents an adjacency SID from
Xto Y. Node-SID X represents the node SID path to X
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A MPTE DAG is conputed to contain nodes B,C, D, E,F,Gwith the |inks
{G F} /I {F, G pruned.

The bel ow Juncti on Segnents are deployed to the network realized with
an SR Policy with a single Candidate Path containing nmultiple segnent
lists. Note the foll ow ng:

* \Wen the DAG is conputed, |oops cannot exist. Therefore, in the
above topology the links in direction {C, B} and {C D} and {C F}
and {C,G are chosen in the DAG

* The path along {B,E H can be represented by a single Node SID. A
Junction on node E is not required.

* Junction F is described below, but an optim zation could be
performed to exclude Junction F as it only has one egress link. A
general i zed mechanismto optimze the DAG distribution could omt
Junction segnents if the Junction segnent contains only one egress
SIDIist.

* In practice the Binding Segments MAY be all the same value. This
exanpl e describes different BSID values for readability.

* Weights of each egress SIDIist is also currently omtted.
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Junction Segnent B:
BSID: BSID-B
SID List 1: [Node-SID H

Junction Segnent F:
BSID: BSID F
SID List 1: [Adj-SID FH

Junction Segment G
BSID: BSIDG
SID List 1: [Adj-SID CH

Junction Segnent C
BSID. BSID-C
SID List 1: [Adj-SID CB, BSID B
SID List 2: [Adj-SID CF, BSID F]
SID List 3: [Adj-SID-CG BSIDQ
SID List 4: [Node-SID D, BSID D

Junction Segment D
BSID: BSID-D
SID List 2: [Adj-SID DF, BSID F]
SID List 3: [Adj-SID-DG BSID QG

Then lastly, at ingress the SR Policy transport tunnel is configured with the follow ng:

Ingress SR Policy (Using Junction Segments):
Candi date Path 1:
SID List 1: [Adj-SID AB, BSID- B]
SID List 2: [Adj-SID AC, BSID (]
SID List 3: [Adj-SID AD, BSID D

In conparison, if the above DAG was encoded at ingress then the
foll owi ng individual segnent |ists could be used to represent the
above DAG Note, sonme of the bel ow could be conpressed with a Node
SID(s) but listed with adjacency for explicit exanple.

Ingress SR Policy (lngress only):
Candi date Path 1:

SID List 1. [Adj-SID-AC, Adj-SIDCF, Adj-SID FH|

SID List 2. [Adj-SID-AC, Node-SID-D, Adj-SID DG Adj-SlD GH
SID List 3: [Adj-SIDAC, Node-SID-D, Adj-SID DF, Adj-SID FH|
SID List 4. [Adj-SID-AC, Adj-SIDCF, Adj-SIDCG Adj-SID GH
SID List 5. [Adj-SID-AC, Adj-SIDCF, Adj-SID BE Adj-SID EH
SID List 6: [Adj-SIDAB, Node-SID H|

SID List 7: [Adj-SIDAD, Adj-SID DG Adj-SlD GH

SID List 8 [Adj-SIDAD, Adj-SIDDF, Adj-SID FH|
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6

9

Load- bal anci ng

VWhen a packet with the BSID assigned to the Junction Segment is
received at its ingress, the node perfornms wei ghted ECVP forwarding
anong all egress SID lists associated with the SR Policy.

It is worth noting that [I-D.draft-konpella-teas-npte] introduces the
concepts of both unequal weight balancing and 0 weight to omt
forwardi ng out of an egress interface while maintaining the
instruction signaling. The 0 weight capability is not supported in
the current SR Policy nodel and nmay be considered in future updates
to this document.

Constraints

When the controller conputes the DAG traffic engineering constraints
MUST be considered. Links which violate the constraints are pruned
fromthe DAG  Nodes which do not formthe DAG are not notified with
any Junction segnents.

Protecti on

As described in [I-D. draft-konpella-teas-npte], as there are nultiple
egress interfaces (SID Lists), the loss of an interface |ink does not
result in traffic drops as long as one egress interface (SID List)
remai ns, although congestion may occur.

Li nk protection froman upstream Junction node to its downstream
Junction nodes can be achi eved using existing Tl-LFA
[I-D.draft-ietf-rtgwg-segnment-routing-ti-Ifa] mechanisns, applied per
egress SID List. Since the top SID(s) in each SID List identify the
path to the next downstream Junction node, TI-LFA is applicable.

Local conputation for node protection on an upstream Junction node is
not feasible, because it lacks visibility into the DAG beyond the

i medi at e downst ream Junction node as it only knows the next Junction
Segnment. A controller MAY be used to preconpute backup SR Pat hs and
signal these backup SID Lists to the upstream Junction segnents.

In a situation where a downstream Juncti on node experi ences system or
connectivity failure, the upstream Junction node will begin to

bl ackhole the traffic until a notification can be sent to upstream
nodes to renove the Junction node fromthe DAG

O her considerations
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Hi er archy

The use of Junction Segments to achieve a DAG can be used in
hi erarchi cal organi zation and sharing of DAGs between end-to-end
tunnel s.

For instance, in a multi-area or multi-instance topol ogy, one or nore
shared DAGs may be created per area, connecting the border ingress
node(s) and egress node(s). These DAGs can then be stitched together
for use in an end-to-end SR tunnel

Figure 2 is an exanple of two independent SR Policy Tunnels from
Headend A and Headend B terminating on Egress X. An instance of a
DAG with M D 100 can be configured between ABR-1 and the Egress X
node. ABR-1 Junction Segnent which ingresses the DAG has a Bi ndi ng
Segnent attached, for exanple BSID 100. Therefore, the SIDIlist on
Headend A and Headend B SID lists would contain the SR Path (ex:
Node-SI D-ABR-1) to reach ABR 1 foll owed by BSID 100. The instruction
set from each Headend to ABR 1 could al so be another instance of a
DAG either for independent use or shared.

| --\ Path 1 N
| Headend| ----\ Y A \ --\
| A | ----\ +----- +-/ --- Rl T S
oo + SRR I T
| --- | ABR| ----mmimmiiiaaa oo | Egress|
| --- ] 1 | | DAG- 100 | X
B S, + E— +----- + --\ | ----- F-- - - -
————— / | -\ R Ty -
| Headend| ---- | --\ --- --/ |
| B | --/ Path 2 | -\ | --/ |
e + | --\ --/ |
| | -1 |
I I I
Domai n/ Area 1 Domai n/ Area 2

Figure 2 : Reusabl e DAG 100
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9.2. Directly connected Junction nodes

As described in the Operational section, all transit nodes in a DAG
MAY be signaled with a Junction Segnent. Alternatively dependi ng on
the topol ogical graph and TE requirenents, two Junction segnments may
be interconnected via an SR Path, with a SID list, where the SR Path
itself may correspond to an ECMP or TE Pat h.

9.3. Br oadcast |i nks

SR networ ks abstract broadcast |inks with the use point to point

adj acency segnents identifying each neighbor. Specifying a DAG which
contains a broadcast link is feasible as an adjcency segnent can be
used to identify the neighboring Junction node on the broadcast |ink
The outgoing SID List of the Junction Segment sinply contains the

adj acency SID of the next-hop nei ghbor on the broadcast |ink

9.4. Local optimzation

An individual Junction Segnent can be optim zed by adding new SID
lists for downstream nei ghbors in the DAG or renovi ng downstream
nodes. Additionally, the SR path between two Junction nodes whet her
directly or indirectly connected nay al so be updated. The controller
utilizes existing protocol mechanisnms to update the forwarding
instructions of the Junction Segment.

Mul tipl e candi date paths can be used to facilitate |oca

optim zation. However, care nust be taken regardi ng how the MPTED
version is encoded and how version increnents are signal ed.
Specifically, if the MPTED version is encoded in the color attribute
or another attribute of the SR Policy, rather than within the

Candi date Path itself, multiple Candi date Paths SHOULD NOT be used
when an operation requires increnenting the MPTED version to maintain
consi st ency.

The inplications of MPTED version encodi ng and rmanagenent will be
further addressed in future versions of this docunent.

9.5. dobal optimzation

Reoptim zing the DAG requires potentially redeploying all new
Junction Segnments network wide in a coordinated, nake before break
nmanner .

Since the DAG M D and version are encoded in the color field of an SR
Policy, globally optimzing a DAG wi th nake- bef or e- br eak

consi derations requires deploying new Junction segnents as SR
Policies with unique color values to all Junction nodes of the new
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10.

11.

12.

13.

13.

DAG. After all of the new Junction segnents are depl oyed, the
i ngress node can be updated with new SID lists which utilize the new
DAG Junction segnents of its’s neighbors.

TODO This section needs further discussion.

TODO

Security Considerations
TODO

Manageabi |l ity Consi derations

Thi s docunent currently proposes using the existing SR Policy
construct with a color value representing the DAG M D and versi on.
Since SR Policy color value is originally intended for ingress
traffic steering on matched routers, a deploynent MUST allocate a
color range which will be used for MPTE and MJUST NOT be assigned to
any advertised routes in the network.

TODO

I ANA Consi derations
None at this tine
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