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Abstract

One of the key features of IP that has helped IP Routing to scale is
aggregation of IP prefixes. This is made possible with | ongest-natch
| ookup in IP forwarding. Contrary to this, MPLS forwardi ng works on
exact match on MPLS | abels. This poses a challenge in aggregation of
| P prefixes when the forwarding is based on the MPLS | abel s
associated with those I P prefixes.

Thi s docunent introduces an Aggregati on Segnent for Segnent Routing
with MPLS data plane which can be used to aggregate | P prefixes al ong
with their SR Prefix Segnents. Aggregation Segnents enable
aggregation of I P prefixes to be performed at border routers to

i mprove scalability of MPLS networks.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

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

This Internet-Draft will expire on 4 Septenber 2025.
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1. I nt roduction

One of the key features of IP that has helped IP Routing to scale is
aggregation of IP prefixes. This is made possible with | ongest-natch
| ookup in IP forwarding. |P allows for aggregation between | GP area/
| evel s and/ or Autonompus Systems (AS). Optionally,
[I-D.ietf-1sr-igp-ureach-prefix-announce] allows for signaling the

| oss of reachability of an individual prefix covered by the aggregate
prefix in order to enable fast convergence nechanisns, e.g., BG PIC
Edge [I-D.ietf-rtgwg-bgp-pic].

Contrary to this, MPLS forwarding works on exact match on MPLS

| abels. MPLS relies on the propagation of each FEC (viz. a specific

I P prefix) across routing areas/donmains, either with | GP propagation/
redistribution or BGP Label Unicast (BGP-LU [RFC8277]. This poses a
chal l enge in aggregation of |IP prefixes when the forwarding is based

on the MPLS | abels associated with those IP prefixes.
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Moreover, | GP redistribution scales poorly froman |IGP and FIB
standpoint, while BGP-LU is an additional protocol and infrastructure
to deploy and maintain. BGP-LU nay al so bring additional conplexity
in some deploynments (e.g., PIMrpf-vector, nlLDP recursive FEC, BGP

| ocal -as when multiple ASes are involved...)

Thi s docunent introduces an Aggregati on Segnent for Segnent Routing
with MPLS (SR-MPLS) data plane which can be used to aggregate IP
prefixes along with their SR Prefix Segments. Aggregation Segnents
provi de sunmarization in the control plane at border routers, and

i ntroduce hierarchical MPLS |abels in the data plane. The latter
al l ows reduction of scale of FIB entries in the routers of the
domai ns where the aggregate prefix is being used for forwarding.

2. Requirenents Language

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

3. Aggregation Segnent

An Aggregation Segrment is a segment representing both an aggregate IP
prefix and the specific Prefix-SIDs advertised in a conpress way. It
forns a two-1evels MPLS | abel hierarchy with the Aggregati on Segnent
at the top level and the specific Prefix Segnents at the bottom

| evel

* The Aggregation Segment is a Prefix Segment associated with the
aggregate I P prefix, and hence it is signaled as a Prefix Segnent.

* The specific Prefix Segnents that are covered by the aggregate are
signalled in a conpressed form with the advertisenment of the
first prefix, the absolute | abel associated with that first
prefix, and the number of consecutive prefixes.

The specific prefixes covered by the aggregate prefix MJST all have
the sane prefix length (e.g., a /32 in case of IPv4 or /128 in case
of | Pv6).

4. Protocol extensions

The protocol extensions are out of scope of this docunent but the
semantic of the advertisenents are defined in this document.
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Wth regards to the signaling of the Aggregation Segnent, it is
proposed to sinply advertise a SR Prefix SID for the | P aggregate
prefi x.

The advertisenent of |abels associated with the specific prefixes
under the Aggregation Segnent requires a protocol extension to
advertise the set of prefixes and their |abel range. This could be
signaled in different ways e.g., as sub-TLV of the aggregate prefix
adverti senent, or as a separate advertisenment on the lines of a
Segnent Routing Mappi ng Server (SRVS)

If the same Aggregation segnent is advertised by nultiple nodes, it
becomes an anycast segment. Absent specific provisions (e.qg.,
context specific |abel) such anycast segnent needs to advertise the
same | abels rel ated paraneters (first prefix, the absolute | abe
associated with that first prefix) for all instances.

IP routing rules are not nodified: routing use the nost specific
advertisenent. The purpose of the Aggregation Segnent extension is
simply to signal the SID of the Specific Prefix Segnent, it does not
af fect routing.

5. Uses cases
The Aggregation Segnent may be used to aggregate multiple Prefix
Segnents at a routing border such as an ABR for inter-areal/levels | GP
topol ogi es, or an ASBR for inter-domain topol ogies.

5.1. Inter-Areas

The following inter-areas diagramis used in this section
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Topol ogy:

IS-1S L1 Area 1 | I1S-1S L2 | IS-1S L1 Area 2
PE1 ----- PL ----- ABRL ---- PO ---- ABR2 ----- P2 ----- PE2. 3
Si gnal i ng:

Aggregation Segrment (192.0.2/24)
- Prefix SID |abel 2000 (i.e., index 1000)

Speci fic Segnent to PE2.x (192.0. 2.x)
- First Prefix 192.0.2.1

- First Label 1201

- Range 255

::::.::::::: 2000/ 1203 =================>------ 1203 ------ >
LSP to PE2.3

LSP to PE2.5

The addressing schema used in area 2 for egress PE is the foll ow ng:
PE2.x, IP 192.0.2.x, SID 20x. E.g., for PE2.3, IP 192.0.2.3 and SID
1003. The SR d obal Block (SRGB) is 1000.

For scaling purpose, ABR2 advertises a single Aggregation Segnment in
IS-1Slevel 2 for all the Prefix Segnents of AS2 PEs (PE2.x). ABRl
redistributes this Aggregate Segnent into area 1. This Aggregation
Segnent has a SID 1000 allocated fromthe SRG. It also signals a

| abel block for the specific Prefix Segnents starting at |abel 1201
with a range of 255 consecutive |abels. Note that, in order to
create no additional FIB entry on the aggregati on node (ABR) the base
| abel 1201 rmay be chosen such that the MPLS | abel used for the
specific Prefix SIDis the same for the IS-1S L1 Area 2 and for the
rest to the network using the Aggregation SID. E.g. for PE2.3, the

| abel used in the area 1 is SRE&B + Specific SID = 1000 + 203 and for
the rest of the network using the Aggregation Segnent, the |abel used
is First Label + Nth Specific SID = 1200 + 3. As a results, all
routers in the 1 GP -except area 2- only install the G oba

Aggregati on Segnment SID 1000 with the MPLS | abel 2000 in their FIB

On an as-needed basis, an ingress PE in the IGP (except in area 2)
(e.g., PE1l) may install a FIB entry for PE2.3, pushing a two-1|abels
MPLS stack 1003, 2000 (respectively inner and outer | abels).
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As a result, any ingress PE may reach any egress PE while transit
routers only needs to install the single |abel/forwarding entry of
the Aggregati on Segnent.

5.2. Inter-Domain

The following nulti-domain diagramis used in this section

Topol ogy:
| GP Donmain 1 | | GP Donmain 2

PE1 ----- PL ----- ASBR ----- P2 ----- PE2. 3
Si gnal i ng:
s>
Aggregation Segrment (192.0.2/24)
- SID 1000
.................................................... >
Aggregat ed Segnent to PE2.x (192.0.2.x)
- First Label 1200
- Range 255
LSPs:
=========== 2000/ 1203 ==========>------- 1203 -------- >
LSP to PE2.3
=========== 2000/ 1205 ==========>------- 1205 -------- >

LSP to PE2.5

The addressing schema used in IGP Domain 1 for egress PE is the
following: PE2.x, IP 192.0.2.x, SID 20x. E.g., for PE2.3, IP
192.0.2.3 and SID 1003. The SR d obal Block (SRGB) is 1000 in ICGP
Domains 1 and 2. Note that they are independent and do not need to
be equal or disjoint.

For scaling purpose, ASBR advertises a single Aggregation Segment in
domain 1 for all the Prefix Segnments of domain 2 PEs (PE2.x). This
gl obal Aggregation Segnent has a SID 1000. It also signals a | abe

bl ock for the Specific Prefix Segnents starting at |abel 1200 with a
range of 255 consecutive labels. As a results, all routers in domain
1 install a single the d obal Aggregation Segnment SID 1000 with the
MPLS | abel 2000 in their FIB. On an as-needed basis, ingress PE
(PE1) may install a FIB entry for PE2.3, pushing a two-|abels MPLS
stack 1203, 2000 (respectively inner and outer |abels).
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As a result, an ingress PEl in domain 1 may reach any egress PE in
domain 2 while transit routers in domain 1 only needs to install the
single | abel /forwardi ng entry of the Aggregati on Segment.

Net wor k Oper ati on Consi derati ons

The use of Aggregation Segrment reduces the nunber of states and churn
in the control plane protocols, forwarding states and |ikely
configuration, conpared to the use of all covered specific Prefix
Segnent s.

Optionally, [I-D.ietf-Ilsr-igp-ureach-prefix-announce] allows for
signaling the | oss of reachability of an individual prefix covered by
Aggregation Segrment in order to enable fast convergence mechani smns,
e.g., BGP PIC Edge [I-D.ietf-rtgwg-bgp-pic].

| P Aggregation on border routers requires |IP addresses to be

aggr egat abl e hence contiguous. Segnent aggregation additionally
requires that segnent ID are allocated in an ordered and conti guous
way. This is aligned with the definition and encodi ng of the Mpping
Server as defined in [RFC8667] section 2.4.

In case of redundant ABRs or ASBRs advertising the same Aggregation
Segnment, it’'s strongly recomended to use the same SRGB and sane

Aggr egati on Segnent SID on redundant aggregation nodes, since they
are essentially advertising an anycast Prefix-SID. This is not a new
requi renent conpared to the current practice of redistributing each
specific Prefix Segnents in the IGP

Al'l ingress which needs to use the Aggregati on Segnent needs to be
upgraded before replacing the redistribution of each Prefix Segnent
with the Aggregation Segnent. A node advertising the Aggregation
Segment MAY support the advertisenent of both the Aggregati on Segnent
and all specific Prefix-SID in order to ease increnental deploynent.

I ANA Consi derations
Thi s docunent has no | ANA acti ons.

Security Considerations
Thi s docunents defines a new type of SR-MPLS segnents call ed
Aggregation Segnent. It does not brings new security considerations.
Exi sting security considerations for Segment Routing and SR-MPLS are

descri bed, respectively, in [RFC8402] and [ RFC8660].
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