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Abst ract

The LI SP control plane provides the mechani sns to support both Scal e-
Up and Scal e- Qut backend networks within Al infrastructure. This
docunent outlines how LI SP can enable a unified control plane
architecture that accommodates both scaling technol ogies, offering
flexibility in deploynent. This approach allows Al/M

appl i cati ons—whet her focused on training or inference—to operate
efficiently on a converged infrastructure, supporting diverse

depl oynent scenarios using the same underlying network fabric.

Requi renent s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14 RFC 2119

[ RFC2119] RFC 8174 [RFC8174].

Status of This Meno

This Internet-Draft is submtted in full conformance 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 docunments valid for a maxi num of six nonths
and nmay 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 2 February 2026.

Jain, et al. Expires 2 February 2026 [ Page 1]



Internet-Draft

LI SP Network Al Infra

Copyri ght Notice

August 2025

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent

is subject to BCP 78 and the | ETF Trust’s Legal

Provisions Relating to | ETF Docunments (https://trustee.ietf.org/

| i cense-i nfo)
Pl ease revi ew these documents carefully,
and restrictions with respect to this docunent.
extracted fromthis docunment nust
described in Section 4.e of the Trust Legal

in effect on the date of publication of this docunent.
as they describe your rights
Code Conponents

i ncl ude Revised BSD License text as
Provi sions and are

provi ded without warranty as described in the Revised BSD License.

Tabl e of Contents

Jai n,

bk

R©OoN

(o2l e) o))

bl el e

o GEGRS RSN
Negwmmmww%wNeQP%%Pmewﬁ

I ntroduction .
Definition of Terms .

Al

Infra System Archltecture

Scal e- Qut Net wor k Archltecture.

5
. 5.
. 5.
. 5.
. 5.
I

. 3.

Scal e-Qut Regi stration and Fabrl c Pat hs .

Scal e- Qut Subscription and Publication
Scal e- Qut Packet Fl ow . e
Scal e- Qut Pat h Change .

Depl oynment Consi derations .

.1. Scal e-Qut Segnentation a.nd. I NCC

Scal e- Qut Mappi ngs

Scal e- Qut Unknown Accel erators
Up Network Architecture .
Scal e-Up Registration .

2. .o
.3. Scal e-Qut Mappi ng Syst em (l\/B/ I\/R)
4

e-

Scal e- Up Subscription and i3ubl i catl on

Scal e- Up Packet Fl ow

Scal e-Up Pat h Change .

Depl oynment Consi derations . .

1. Scal e-Up Segnentation and INCC
2. Scal e-Up Mappings . .

3. Scal e-Up Mappi ng System (MS/ I\/R)
4. Scal e-Up Unknown Accel erators .
5.
i

| P Forwardi ng of Scal e-Up Traffié

hom ng & Mil ti pat hs .
Mul ti honmed Accel erators Regl st ratl on
Mul ti homi ng XxTRs/ RLOCs Mer gi ng
Mul ti hom ng/ Mul ti path forwarding

Dat a Pl ane Encapsul ati on Options
I ANA Consi derations .

Security Considerations .

Acknowl edgenent s

et al.

Expires 2 February 2026

OCO~NNOOP~WW

RPRRRRPRRPRRPRRPRRRPRPRRRPRPRRRRRERRERRERER
©COOOONNNNOOOUIURWWNRRLRRPLOOO

[ Page 2]



I nternet-Draft LI SP Network Al Infra August 2025

11. Nornmtive References . . . . . . . . . . . . . . . . . . .. 19
Authors’ Addresses . . . . . . . . . . . . . . . . . . .. ... 20
1. Introduction

Thi s document outlines the architecture and mechani sns for

i mpl ementing a LI SP-based unified control plane to converge both
Scal e-Up and Scal e- Qut backend networks within data center Al
infrastructure. The proposed architecture | everages LI SP protocol
capabilities to enable a network infrastructure for Al, utilizing
appropriate nethods tailored to each scaling technologies. Wile

LI SP provides both the data plane and control plane nechanisns, this
docunent focuses specifically on the unified control plane.

The decision to send a flow over either the Scal e-Up or Scal e- Qut
network is determined by the traffic’ s destination. For exanple,
intra-POD traffic (which nmay be non-1P) is directed to the Scal e-Up
network, while inter-POD traffic (primarily |IP-based) is routed
through the Scal e-Qut network. The segmentation allows both scaling
domai ns to function as distinct network domai ns, enabling flexible
depl oynent options—including Scal e-Up only, Scale-Qut only, or hybrid
configurati ons—wi thout requiring changes to the underlying
architecture.

The unified solution for Scal e-Up and Scal e-Qut networks enabl es the
extension of either or both domains wthin data center backend
networks, with optimzations tailored for |atency, bandw dth, and
packet |oss. These enhancenents hel p neet the performance demands of
di verse Al/M. workl oads, including inference and training. A key
advantage of this architecture is its flexibility: while nost data
centers require both Scal e-Up and Scal e-Qut capabilities, sone
applications may not be agnostic to the underlying network and may
assune exclusive use of one nmodel. |In such cases, LI SP-based
segnentation ensures that specific functionalities are confined to
either the Scal e-Up or Scal e-CQut donmain, preserving architectura
integrity while supporting security and application-specific
requirenents.

2. Definition of Terns

LI SP Ternmi nol ogy: All ternms related to the Locator/ID Separation
Protocol (LISP)—including EID (Endpoint ldentifier), RLOC (Routing
Locator), xXTR (Ingress/Egress Tunnel Router), MS/ MR (Mapping Systemn
and publication-subscription etc—are used as defined in the LISP
speci fications: [RFC9300], [RFC9301], and [ RFC9437].
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Accel erator (Acc): Specialized hardware designed to accel erate Al
wor kl oads. Exanpl es include: GPU (G aphics Processing Unit), TPU
(Tensor Processing Unit), NPU (Neural Processing Unit)

PoD (Point of Delivery / Performance-Optim zed Datacenter): A
modul ar unit within a data center that integrates conpute, storage,
and networking resources to deliver localized services. PoDs are
designed for scalability and performance optim zation

Scal e-Up Network: A segnent of the data center backend network
optinmized for intra-PoD comunication, typically anong up to 1, 024
accelerators. It supports ultra-low |l atency operations through
direct | oad/store menory access between accel erators.

Scal e-Qut Network: A segnment of the data center backend network
desi gned for inter-PoD communi cati on across clusters of thousands of

accelerators. It leverages RDVA (Renpte Direct Menory Access) for
efficient, high-throughput data transfer between distributed conpute
nodes.

I NCC (1 n-Network Collective Comunication): A technique that
of fl oads col | ective communi cation operations to network switches to
reduce data novenent and inprove performance. These operati ons—such
as Al l Reduce, Broadcast, Gather/Scatter, and All ToAll —are essentia
for synchroni zing data across multiple conpute nodes during
distributed Al training.

3. Al Infra System Architecture

Figure 1 illustrates the backend network system architecture exanple
of a data center Al infrastructure. The system conprises four PoDs
(A, B, C, and D), each equipped with a Scal e-Up accel erator fabric,
interconnected via a Scale-CQut fabric. Wthin each PoD, accelerators
conmuni cate over the Scal e-Up network, while inter-PoD comunication
is handl ed by the Scal e-Qut network. Each PoD includes xTRs (Tunne
Routers) that register accelerator EIDs with the LI SP Mappi ng System
enabl i ng seam ess connectivity across the Al infrastructure. This
architecture supports Al applications for both inference and
traini ng.

The recommended depl oynent nodel maps intra-PoD traffic (which may be
non-1P) to the Scal e-Up network, and inter-PoD traffic (typically
inter-subnet IP) to the Scal e-CQut network. This docunent assunes
this traffic mappi ng nodel when describing packet flows.
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Figure 1: Al Infra Systemw th converged Scal e-Up and Scal e- Qut
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To support this unified architecture, the control plane utilizes two
primary types of EID-to-RLOC mappi ngs for accel erators:

Scale-Up EID IID, AcclD - RLOC I P: Used for the Scal e-Up
network. The AcclD nay be a non-I1P identifier.

Scale-CQut EID IID, AcclP — RLOC IP: The traditional LISP
mappi ng, used for the Scale-CQut with | P-based addressing.

4. Scal e-Qut Network Architecture

The Figure 2 illustrates the Scal e-Qut backend network architecture
of Data Center’s Al infrastructure.
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S S S S
RLOC=I P_A3 RLOC=I P_A4 RLCC=I P_B3 RLCC=I P_B4
\ | | /
,.—._..—._.——._..|._., EE [ S e
( Scal e-Qut Fabric )
( (RLCC Space Across PoDs) )
( o mm e e e e e e e e e e e e e e e mam- + )
( (Scal e- Qut Mapping System wi th | NCC) )
( T + )
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Figure 2: Scale-Qut Al Infra Network Architecture

Jain, et al. Expires 2 February 2026 [ Page 6]



I nternet-Draft LI SP Network Al Infra August 2025

4.1. Scale-Qut Registration and Fabric Paths

Each PoD is assigned one (or nore) unique |IP subnet, which is

provi sioned and registered with both the Scal e-Qut and Scal e- Up
mappi ng systens by the xXxTRs/ pxTRs participating in the Scal e-Qut
network, as illustrated in Figure 2. MAP-Register nessage fornmat is
as specified in [RFC9301] and [I-D.ietf-lisp-site-external -
connectivity]. Additional Accelerator metadata MAY be encoded using
vendor - specific LCAF types as defined in [ RFCO306]

Once registered or de-registered, these subnets changes are published
to all rempte XTRs/ pxTRs participating in the Scal e-Qut network and
to all local xTRs of Scal e-Up network within the PoD, follow ng the
publicati on nechani sns outlined in [RFC9437] and [I-D.ietf-lisp-site-
external -connectivity]. MAP-Notify/Publication nessage format is as
specified in [RFCO301] and [I-D.ietf-lisp-site-external -
connectivity]. Additional Accelerator netadata MAY be encoded in the
MAP- Noti fy or Publication nessage formats using vendor-specific LCAF
types [ RFC9306].

Upon receipt, the published subnets are added to the map-cache
(routing table) of each xTR or pxTR of both Scal e-Qut and Scal e- Up
domai ns, establishing forwardi ng paths toward the xTRs/pxTRs
responsi ble for the respective subnet.

Each accelerator’s I P Address within a PoDis also registered with
the | ocal mapping system (Scale-Up MS/MR in Figure 1) by its

associ ated xTR (RLOC). These registrations are published to all xTRs
within the PoD including renote XxTRs/ pxTRs, where they are added to
the map-cache or routing table as the path to the registering xTR

4.2. Scal e-Qut Subscription and Publication

Wien an accel erator connected via an ITR initiates comrunication with
a renote accelerator, the | TR sends a Map- Request for the renote EID.
The request includes the N-bit set in the EID Record, indicating that
the I TR wi shes to be notified of any changes to the RLOC set
associated with that EID, as defined by the publish-subscribe

mechani sm [ RFC9437]. MAP- Request/ Subscripti on message format is as
specified in [RFCO301] and [I-D.ietf-lisp-site-external -
connectivity]. Additional Accelerator netadata MAY be encoded using
vendor -speci fic LCAF types as defined in [ RFC9306] .

Any XTR or pxTR in PoD that had subscribed to updates for the Scal e-
Qut ElID—via the Scal e-OQut Mapping System (e.g., Scale-CQut MS/ MR) or
Scal e-Up Local Mapping System (e.g., Scale-Up M/ MR) —receives a Map-
Notify fromthe mapping systens. This notification includes the
updated RLOC-set (e.g., addition or renoval of |ocators), as
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specified in the Mapping Notification Publish Procedures in
[ RFC9437]. MAP-Notify/Publication message format is as specified in
[ RFC9301] and [I-D.ietf-lisp-site-external-connectivity]. Additiona
Accel erator netadata MAY be encoded in the MAP-Notify or Publication
message formats using vendor-specific LCAF types [ RFC9306].

Upon receipt, the published EID is added to the map-cache (routing
table) of each xTR or pxTR, establishing forwarding paths toward the
XTR(s) responsible for the respective EID

When a destination accelerator is either undi scovered or deregistered
in the Mapping System it is treated as an Unknown Accelerator. In
such cases, the Map-Server SHOULD respond to a Map- Request or
subscription targeting the unknown accel erator with a Negative Map-
Reply specifying the action "Drop” as in [ RFC9301] and [I-D.ietf-
|isp-site-external -connectivity].

4.3. Scal e-Qut Packet Fl ow

Inter-PoD traffic is encapsul ated using Layer 3 (L3) encapsul ati on,
foll owi ng the procedures defined in [ RFCO300], [RFC9301], and

[ RFC9437]. It is assuned that the accelerator in PoD A is aware of
the EID (I P address) of the destination accelerator in PoD D—this may
be obtained via packet inspection, address resolution, or

provi sioning. The follow ng exanple illustrates a uni cast packet

fl ow and the associ ated control plane operations for the topol ogy
shown in Figure 1, where an accelerator in PoD A conmuni cates with an
accel erator in PoD D

Fabric paths across PoDs are established as described in
Section 4. 1.

Wthin a PoD, each accelerator (Scale-CQut EID eg 40.0.07) is also
registered with the | ocal mapping system (Scale-Up M5/ MR in Figure 1)
by its associated xTRs (RLOCs IP D1 & I P D2) as described in
Section 4.1. These registrations (mapping 40.0.0.7->PDl & | PD2) are
published to all xTRs/pxTRs within the PoD D, where they are added to
the map-cache or routing table as the path towards the registering
XTRs DI & D2 for Accelerator 40.0.0.7. Accelerators, unknown or
external to PoD are registered as pETRs to | ocal mapping system as
defined in [I-D.ietf-1isp-site-external-connectivity].
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Accel erator 1 in PoD A sends an | P packet with source

address 10.0.0.1 and destination address 40.0.0.7. Since the
destination lies in a different subnet, the local xTRin PoD A
forwards the packet based on its map-cache/routing table to pxTR A3,
which acts as the default gateway for the PoD. pxTR A3 then forwards
the packet to XxTR D3, using its nmap-cache entry that contains the
subnet information for PoD D, as published by the Scal e-Qut mappi ng
system described in section 4.1.

XTR/ pxTR D3 perforns a Layer 3 lookup in its |local map-cache for
the destination IP 40.0.0.7. Since Accelerator 7 is registered with
the | ocal mapping systemand is published in PoD D, xTR D3 has a
val id map-cache entry pointing to xTR D1 and D2 (with
RLOCs | P_D1 and | P_D2).

XTR D3 encapsul ates the packet using LISP, setting the destination
RLOC to either IP_Dl or |IP_D2, depending on the | oad-bal ancing or
redundancy policy.

4.4. Scal e-Qut Path Change

When t he Publish/ Subscri be mechani sm [ RFC9437] is used, the signaling
fl ow to nanage accel erator path changes (due to any failure,
congestion etc) proceeds as follows:

Regi stration: Upon attachment of Accelerator 7 to PoD D, the |ocal
ETR D1/ D2 updates its |ocal database with the mapping for the
EID <I1 D1, 40.0.0.7>. The ETR then sends a Map-Regi ster nessage to
the | ocal mapping system registering its RLOCs (e.g., |IP_ D1, |P_D2)
as locators for the EID. The nmapping systemis updated with this
El D-t 0o- RLOC associ ati on.

First Conmuni cati on Request/ Subscri ption: Wen Accelerator 1
connected via an ITR AL initiates communication with a renote
Accel erator 7, the I TR sends a Map- Request for the renote EID. The
request includes the NNbit set in the EID Record, indicating that the
I TR wi shes to be notified of any changes to the RLOC-set associ ated
with that EID, as described in section 4.2.

Deregi stration: Wen Accelerator 7 is detached, the nmapping system
receives a deregistration nmessage for the EID <II D1, 40.0.0.7> from
ETR D1. It then sends a Map-Notify to ETR D1 to confirmthe
deregistration. ETR Dl subsequently renoves the | ocal mapping entry
and ceases to advertise the ElID

Notification/Publication: Any XTR or pxTR in PoD D (or el sewhere)

that had subscribed to updates for the EID <I1D1, 40.0.0.7>—typically
via the |ocal mapping system(e.g., Scale-Up M5/ MR) —receives a Map-
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Notify fromthe mapping system This notification includes the
updated RLOC-set (e.g., addition or renoval of |ocators), as
specified in the Mapping Notification Publish Procedures in

[ RFC9437] .

Map- Cache Update: Upon receiving the Map-Notify, the subscribing
ITR (e.g., xTR D3) updates its |ocal map-cache or routing table to
reflect the new RLOC-set for the EID (Acccelerator 7/40.0.0.7). For
exanple, if IP_D1 is removed for Accelerator 7 (40.0.0.7), xTR D3
stops forwarding traffic to that locator (IP_Dl), ensuring accurate
and up-to-date routing behavior.

4.5. Depl oynent Consi derations
4.5.1. Scal e-Qut Segnentation and | NCC

LI SP Scal e-Qut segnentation is based on the use and propagation of
Instance-1Ds (I1Ds), which are treated as part of the EID in control
pl ane operations. The encoding format for II1Ds is defined in

[ RFC8060]. Instance-1Ds are unique within a given Mapping System and
MAY be used to distinguish between Scal e-Up and Scal e- Qut domai ns.

A key aspect of Scal e-Qut segnentation is the ability to associate

I n-Network Col |l ective Communi cation (I NCC) groups with specific I|IDs.
In this nodel, an I NCC domai n—functionally equivalent to a Virtual
Forwar di ng (VRF) instance—can be mapped to a corresponding I1D
representing a Scal e-Qut domain. Alternatively, each I NCC group may
be mapped in a 1:1 relationship with a unique Scal e-Qut segnent

i nst ance.

This use of Instance-1Ds enables support for nultiple Scal e-Qut
segnents, simlar to extended VRFs or multi-VPN, as described in [I-
Dietf-lisp-vpn].

4.5.2. Scal e-Qut Mappi ngs
When an accelerator is attached or detected in an ETR that provides
Scal e- Qut services and path change, Scal e-Qut Mappi ngs are registered
to the mapping systemw th the follow ng structures:

* The EID 2-tuple (11D, Acc-1P Address) with its binding to a
correspondi ng ETR |l ocator set (RLOC | P Address).

* The EID 2-tuple (11D, Acc-1P Subnet) with its binding to a
correspondi ng pETR | ocator set (RLOC I P Address).
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The registration of these Accel erator/Subnet ElIDs MJST foll ow the
LCAF format as defined in [ RFC8060] with the specific EID record as
specified in [RFCO301] and can be used with pETR registration [I-
D.ietf-lisp-site-external -connectivity].

4.5.3. Scal e-Qut Mappi ng System ( M5/ MR)

Scal e-Qut (across PoDs) Mapping System al so uses services from Scal e-
Up Mapping Systens (within PoDs) to establish end to end Scal e- Qut
networ k of Accelerators.

The interface between xTRs/pxTRs and the Mappi ng System foll ows the
procedures defined in [RFC9301] and [I-D.ietf-lisp-site-external -
connectivity]. The addition and renoval of subnets are handl ed
through pxTR regi stration/deregistration and publication processes,
as described in Section 4.1 and Section 4.5.2. Mapping System MAY be
i npl emented as a distributed mapping systemto avoid single point of
failure.

To support system convergence foll owi ng an accel erator or subnet path
change, the | ocal Mapping System (Scale Up M5/ MR) MUST al so send a
Map- Noti fy message to the full RLOC set—including all rel evant
pxTRs—wi thin the PoD where the affected EID was | ast registered.
This notification is triggered upon receiving a registration update
for that specific accel erator or subnet EID. The Map-Notify serves
to indicate the unavailability or change in the accelerator’ s path,
as detailed in Section 4. 3.

4.5.4. Scal e-Qut Unknown Accel erators

When a destination accelerator is either undi scovered or deregistered
in the Mapping System it is treated as an Unknown Accelerator. In
such cases, the Map-Server SHOULD respond to a Map- Request or
subscription targeting the unknown accel erator with a Negative Map-
Reply specifying the action "Drop" as per [RFC9301] and [I-D.ietf-
|isp-site-external -connectivity].

Al ternatively, the forwardi ng plane may be configured to default to

the "Drop" action for Unknown Accel erators, thereby suppressing any

forwarding attenpts toward unregi stered or unreachabl e destinations
5. Scale-Up Network Architecture

Scale Up network architecture is as shown in Figure 3. This section
uses PoD C & PoD D to describe the details.
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Figure 3: Scale-Up Al Infra Network Architecture
5.1. Scale-Up Registration

Each accelerator within a PoDis registered by its associated xTR(S)
(RLCCs) using its AcclD as the Scale-Up EID, with the registration
sent to the | ocal mapping system (Scal e-Up M5/ MR shown in Figure 3).
The Accl D MAY be a non-1P identifier and MAY be encoded using the

LI SP Name Encoding format defined in [RFCO735]. MAP-Regi ster nessage
format is as specified in [ RFC9301]. Additional Accel erator netadata
MAY be encoded using vendor-specific LCAF types as defined in

[ RFCO306] .

The | ocal mapping systemthen publishes the EIDto-RLOC mappi ngs
(i.e., AccIDto xTR(s)) to all subscribed and authorized xTRs within
the PoD, in accordance with [RFC9437]. MAP-Notify/Publication
message format is as specified in [RFCO301]. Additional Accel erator
met adat a MAY be encoded in the MAP-Notify or Publication nessage
formats using vendor-specific LCAF types [RFC9306]. These published
mappi ngs are subsequently added to the map-cache or routing table of
remote XTRs/pxTRs within the sane PoD, establishing the forwarding
path to the registering xTR(S).
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5.2. Scal e-Up Subscription and Publication

VWhen an accel erator connected via an ITR initiates comrunication with
a renote accelerator, the I TR sends a Map- Request for the renote EID.
The request includes the N-bit set in the EID Record, indicating that
the I TR wishes to be notified of any changes to the RLCOC set
associated with that EID, as defined by the publish-subscribe

mechani sm [ RFC9437]. MAP- Request/ Subscription message format is as
specified in [RFCO301] and [I-D.ietf-lisp-site-external -
connectivity]. Additional Accelerator netadata MAY be encoded using
vendor -speci fic LCAF types as defined in [ RFCO9306].

Any XTR or pxTR in PoD that had subscribed to updates for the EID
—via the Scal e-Up Mapping System (e.g., Scale-Up M5/MR)— receives a
Map-Notify fromthe mapping system This notification includes the
updated RLOC-set (e.g., addition or renoval of |ocators), as
specified in the Mapping Notification Publish Procedures in

[ RFC9437]. MAP-Notify/Publication nmessage format is as specified in
[ RFCO301] and [I-D.ietf-lisp-site-external-connectivity]. Additional
Accel erator metadata MAY be encoded in the MAP-Notify or Publication
message formats using vendor-specific LCAF types [ RFC9306].

Upon receipt, the published EID is added to the map-cache (routing
table) of each xTR or pxTR, establishing forwarding paths toward the
XTR(s) responsible for the respective ElD.

VWhen a destination accelerator is either undi scovered or deregistered
in the Mapping System it is treated as an Unknown Accelerator. In
such cases, the Map-Server SHOULD respond to a Map- Request or
subscription targeting the unknown accel erator with a Negative Map-
Reply specifying the action "Drop" as per [RFC9301] and [I-D.ietf-
lisp-site-external -connectivity]..

5.3. Scal e-Up Packet Fl ow

Scal e-Up packet (could be non-I1P) utilizes Scal e-Up technol ogy (e.g.,
PCle or Ethernet) and is encapsul ated accordingly. This section
illustrates an exanpl e of Scal e-Up unicast packet flow and the

associ ated control plane operations, based on the topol ogy shown in

Figure 3. In this scenario, Accelerator 7 in PoD D comunicates with
Accel erator 8, also located in PoD D. It is assuned that Accel erator
7 is aware of Accelerator 8 s AcclD (e.g., |earned via packet

exchange, dynam c resolution, or a nanagenent interface).
Each Accelerator within a PoDis registered by its xTRs (RLCCs)

using its AcclD (e.g., AcclD 7, AcclD 8) as the EID, as described in
Section 5.1.
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If a path is not pre-established (e.g. default or during
provi sioning), when Accelerator 7 (connected via XTR D1) initiates
communi cation with Accel erator 8 (connected via xTR D2), |ITR D1
i ssues a Map- Request for Accelerator 8. Follow ng the Mapping
Request Subscri be Procedures defined in [RFC9437], the Map- Request
includes the N-bit set on the EID-Record to ensure the ITRis
notified of the mappi ng and any RLOC-set changes for the Accel erator.

The | ocal mapping system publishes all the AcclD-to-xTR(s) mappi ngs
(EID-to-RLOC(s)) to subscribing xTRs/ pxTRs. These subscri bing xTRs/
pxTRs then establish a path to the registering xTR(s) within the PoD,
as outlined in Section 5.1.

When Accel erator 7 sends a Scal e-Up packet, it includes the
destination AcclD 8 and source AcclD 7, in accordance with [ RFC9300]
and [ RFC9301] .

ITR D1 performs a lookup in its |ocal map-cache for the destination
Accl D 8.

Since | TR D1 already has the EID-to-RLOC mapping for AcclD 8
(pointing to xTR D2), it encapsul ates all subsequent packets to AcclD
8 using destination RLOC I P_D2 and source RLOC | P_D1.

5.4. Scal e-Up Path Change

This section describes the nechani smfor handling path changes of an
accelerator within a PoD due to failure, upgrade, congestion etc,

whi | e nmai ntai ni ng uni nterrupted comruni cati on anong accel erators
connected via nultipath in the sane Scal e-Up domain. The nechani sm
ensures fast convergence of the Scal e-Up network when an

accel erator’ s path changes. Updates to | TR map-caches are nmanaged
usi ng the Publish/Subscribe nechani sns defined in [RFCO437]. The
followi ng steps outline the signaling and packet flow when the |ink
bet ween Accel erator 8 and xXTR D2 (as shown in Figure 3) becones
unavail abl e due to congestion, link failure, or other issues:

Initially, when Accelerator 7 (connected via | TR D1) establishes
communi cation with Accelerator 8, |ITR D1 issues a Map- Request for
Accel erator 8. In accordance with the Mappi ng Request/ Subscri be
Procedures defined in [RFC9437], the Map-Request includes the N-bit
set on the EID-Record to enable notification of any RLOC set changes
for Accel erator 8.
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When Accel erator 8 experiences a path change within PoD D (e.g.,
the link to xTR D2 becomes unavail able or congested), ETR D2 renpves
the | ocal mapping for Accelerator 8 s EIDIID, AcclD 8. It then
sends a Map-Deregi ster nessage to the | ocal mapping system
deregistering RLOC IP_D2 as a |ocator for that EID.

Upon receiving the deregistration, the nmappi ng system updates the

| ocator set for Accelerator 8 s EID by renoving |P_D2 and sends a
Map- Notify back to ETR D2. ETR D2 then deletes the mapping fromits
| ocal database and ceases registration for [1D, AcclD 8.

Any I TR or PiTR participating in the sane Scal e-Up donain
(associated with 1 D) that was previously encapsulating traffic to
Accl D 8 woul d have subscribed to receive updates on RLOC- set changes.
The | ocal mapping system publishes the updated | ocator set to these
subscri bers by sending Map-Notify nmessages, as defined in the Mapping
Notification Publish Procedures in [RFC9437].

Upon receiving the Map-Notify, the | TR updates its | ocal map-cache
for EID 11D, AcclD 8. Once the cache is updated, traffic is
redirected and tunneled to the new xTRs (e.g., XxTR D1), and traffic
via XTR D2 is halted.

5.5. Depl oynent Considerations
5.5.1. Scal e-Up Segnentation and | NCC

Simlar to Scal e-Qut segnentation, LISP Scale-Up segnentation is
based on the propagati on and use of Instance-1Ds (II1Ds), which are
treated as part of the EID in control plane operations. The encoding
of Instance-1Ds is defined in [ RFC8060]. These I1Ds are uni que
within a Mapping System and may be used to distingui sh between Scal e-
Up and Scal e- Qut domai ns.

A key aspect of Scal e-Up segnentation is the potential napping of

I NCC groups to Instance-1Ds. |n this context, an |INCC

Domai n—functionally equivalent to a VRF as a forwardi ng context—can
be mapped to an IID representing a Scal e-Up domain. Alternatively,
an I NC group may be mapped directly in a one-to-one relationship with
a Scal e-Up segnent instance.

I nstance-1Ds enabl e support for nmultiple Scal e-Up segnents, simlar
to extended VRFs or nmulti-VPN, as described in [I-D.ietf-Iisp-vpn].
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5.5.2. Scal e-Up Mappi ngs

When an accel erator is attached to or detached froman ETR providi ng
Scal e-Up services, a corresponding Scale-Up EIDis registered or
deregistered with the napping system The Scal e-Up mappi ng fol |l ows
this structure:

El D Tupl e: The Endpoint ldentifier is represented as a
2-tuple (11D, AcclD), where:

AcclD may be a non-1P identifier. |If the AcclD is non-IP based,
it my be encoded using the mechani sms described in [ RFC9735].

The structure of the Accelerator EID record adheres to the format
defined in [ RFC9301].

The AcclD is bound to a |locator set consisting of one or nore IP
RLCOCs.

5.5.3. Scal e-Up Mappi ng System ( M5/ MR)

The interface between xTRs and the Mapping Systemis defined in

[ RFC9301]. Al accelerators are registered with the |Iocal Scal e-Up
Mappi ng System  Mappi ng System MAY be inplenented as a distributed
mappi ng systemto avoid single point of failure.

To support rapid system convergence follow ng a path change, the Mp-
Server MUST send a Map-Notify to the entire RLOC set within the PoD
that last registered the same EID, as well as to any XxTRs in the PoD
that have subscribed to that EID. This Map-Notify serves to track
changes in the path of Accelerator ElDs, as described in Section 5.3.

5.5.4. Scal e-Up Unknown Accel erators

When a destination accelerator is either undi scovered or deregistered
in the Mapping System it is treated as an Unknown Accelerator. In
such cases, the Map-Server SHOULD respond to a Map- Request or
subscription targeting the unknown accel erator with a Negative Map-
Reply specifying the action "Drop".

Al ternatively, the forwardi ng plane may be configured to default to

the "Drop" action for Unknown Accel erators, thereby suppressing any
forwarding attenpts toward unregi stered or unreachabl e destinations.
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5.5.5. | P Forwarding of Scale-Up Traffic

Providing non-1P extensions to cloud platforns is not always
feasible. As a result, ip/subnets m ght need to be used and extended
usi ng Layer 3 (L3) to support intra PoD traffic as well.

6. Miltihonming & Multipaths

Mul ti hom ng support relies on the nechani sns defined in [ RFC9300] and
[ RFC9301] to enable LISP-based nmultihomng for accelerators within a
backend network. To illustrate the nmultihom ng packet flow, this
section references Figure 3. For exanple, in Figure 3, xTRs D1 and
D2 within PoD D provide nultihom ng services for Accelerators 7 and
8.

6.1. Miltihomed Accel erators Registration

The Site-1D, as defined in [ RFC9301], serves as an identifier for

| ogically grouping nultiple xTRs that provide nultihomng within a
Scal e-Up dormain (e.g., a PoD). Al EIDto-RLOC mappi ngs fromETRs in
a multi honed Scal e-Up PoD MJUST be registered with the correspondi ng
Site-1D (e.g., PoDID) by setting the "I’ bit in the Map-Register
nessage.

6.2. Miltihoning xTRs/ RLOCs Mer gi ng

Supporting multi hom ng requires that participating xTRs di scover one
anot her and inplenent nultipath forwardi ng procedures. This is

achi eved through the registration of a common accel erator EID by all
participating xTRs. Each registration includes the PoD ID as the
Site-1D, indicating the PoD in which nultihoning is being provided.
The Mappi ng System nerges these registrations and notifies all
participating xTRs with the aggregated | ocator set.

Using Figure 3 as a reference, the xTR di scovery process in a

mul ti honed Scal e-Up group proceeds as foll ows:

XTR D1 registers the EID "POD-D-AcclD-7" with its |ocator set
cont ai ni ng | P_DL.

The Map-Server creates a napping entry: EID ("POD-D-AcclD-7") —
RLOC (1 P_D1), and sends a Map-Notify to xTR D1 with this napping.

XTR D2 then registers the same EID "POD-D-AcclD-7" with its | ocator
set containing | P_D2.
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The Map- Server merges this new registration with the existing one,
resulting in: EID ("POD-D--AcclD-7") — RLCC {IP_D1, IP_D2}. It then
sends a Map-Notify to both xTR D1 and xTR D2 with the updated | ocator
set.

Whenever an xXxTR joins or |eaves a nultihom ng group, the Mp-Server
MUST send an updated Map-Notify to all remaining participating xXTRs
to ensure they maintain an accurate and synchroni zed vi ew of the
| ocator set. As a result, all participating xTRs mai ntain an up-to-
date view of the nultihonmed group, enabling coordinated nultipath
f orwar di ng.

6.3. Miltihomng/Miltipath forwarding

In a PoD, both Scal e-Qut and Scal e-Up xTRs can be used to provide

mul ti honed access and forward traffic to and fromrenote PoDs or
accelerators. Unicast traffic is typically |oad-bal anced or sprayed
across the nultiple xTRs that have registered the accel erator’s ElD.
In multicast scenarios, only the designated Scal e-Up XTR nmay join the
mul ticast group or replication list. |If a Scale-Qut xTR chooses to
join the multicast group, it MJST inplenent split-horizon filtering
and ensure that traffic fromPoD is not forwarded back into the PoD
in order to prevent duplication. xTRs providing active multihom ng
access to a PoD' s accel erators MJST support the follow ng:

Regi stration: Al active xTRs nust register the PoD' s Scal e-Up
mappi ngs with the Mapping System Each registration nust include
the "I’ bit set and carry both the Site-1D (PoD ID) and the
correspondi ng XTR-1D.

Mul ticast forwarding: Only the selected Scal e-Up XTR joins the
Scal e-Up nulticast group or replication list.

Broadcast Forwarding: Only the designated Scale-Qut xTR is
permtted to forward broadcast traffic to and fromrenote PoDs.

7. Data Plane Encapsul ation Options

The LI SP control plane is decoupled fromthe data pl ane

encapsul ation, allowing flexibility in the choice of encapsul ation
formats for Scal e-Up and Scal e-Qut. Common encapsul ation formats

i ncl ude VXLAN-GPE, LISP, and VXLAN:

VXLAN- GPE Encapsul ation: Defined in [ RFCO305], VXLAN- GPE supports
encapsul ati on of both Scal e-Up and Scal e-Qut packets. The VNI
field directly maps to the Instance-ID used in the LISP control
pl ane. For unified deploynments, the P-bit is set, and the Next-
Protocol field is used to indicate the payl oad type.
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10.

11.

LI SP Encapsul ation: As specified in [ RFC9300], this format al so
supports encapsul ati on of both Scal e-Up and Scal e- Qut packets. The
I nstance-1D enbedded in the EID maps directly to the Instance-ID in
the LI SP header. Upon decapsul ation at the ETR, the |11 D may be used
to determ ne whether the packet should be processed as part of a
Scal e-Up or Scal e-Qut fl ow.

Any alternative encapsul ation format optim zed for backend networks,
capabl e of supporting a 24-bit Instance-I1D, MAY be used to depl oy
Scal e-Up, Scal e-Qut, or unified network data pl anes.".

I ANA Consi derations
No | ANA considerations apply to this docunent.
Security Considerations

There are no additional security considerations except what already
di scussed in [ RFC9301] .
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