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Abstract

Al applications require fast processing and responses. Traffic using
RoCEv2 has | ow entropy for ECVP. At the sane tine, Al elephant flows
are predictable. Traffic engineering technology for Al backend

net wor ks becomes a possible solution. SRv6 TE can start fromthe
host side, making SRv6 source routing and traffic path control from
the host side an optional solution

Thi s docunent presents a Al network Traffic Engineering (TE)
application scenario for handling link faults and traffic congestion
i ssues in data centers, based on Segment Routing over |Pv6 (SRv6)
and Conpressed Segnment ldentifier (CSID). The application scenario
uses SRv6 CSID Network Programming to directly install all
forwardi ng paths on the head-end device. Wien a data center
experiences a link fault or traffic congestion, the head-end device
switches the forwarding path to another optimal path for avoiding
the location of link fault or traffic congestion, ensuring optim

Al data fl ow forwarding.

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 docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunents 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
mont hs and nmay be updated, replaced, or obsol eted by other documents
at any tine. 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 05 January 2026

Cheng, et al. Expi res 03 January 2026 [ Page 1]



I nternet-Draft A Scal able Method to TE with SRv6 July 2025

Copyri ght Notice

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 Lega
Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with
respect to this docunent. Code Conponents extracted fromthis
docunment must include Revised BSD License text as described in
Section 4.e of the Trust Legal Provisions and are provided wi thout
warranty as described in the Revised BSD License.

Tabl e of Contents

1. IntroducCti ON. .. ... e 2

1.1. Requirements Language. . ... ... ... 3
2. Application ScenariO. . ... ... ... 3
3.l lustrati on. ... 5
4. Qperational Considerations............. .. ninnennnn. 6
5. TANA Considerati ONS. .. ...ttt e e e e e 6
6. Security Considerati ONS. ... ... ... 6
7. ReferencCes. . ... ... e 6

7.1. Normative References. ... ... e e 6

7.2. Informative References. . ......... .. ... 7
AUt hor S’ AdAr €SSBS, . . ottt e e e 7

1. Introduction

Segnment Routing over |IPv6 (SRv6) [ RFC8402] is the instantiation of
Segnent Routing (SR) on the I Pv6 data plane. Since Traditional SRv6
Traffic Engineering (TE), which require the use of conplete 128-bit
Segnent ldentifier (SID) [ RFC9602] to define an ordered Segnent Li st
for forcing packets to be forwarded al ong the designated path, has
high flexibility and high scalability, but it will |lack |ow packet
overhead when a path requires a | onger segnent |ist.

As Al resources and services becone increasingly rich, Al networks
necessitate | arge-scal e, high-bandw dth, and highly reliable
features. Al traffic has lower entropy and is primarily conmposed of
el ephant flows, which |eads to rapid saturation of the |ink when
nodes transmit Al traffic sinultaneously. Wen Al networks enpl oy
traditional |oad bal ancing techniques (such as ECMP), even with a
sufficiently uni formhash algorithm uneven distribution of |ow
entropy traffic or link faults can still result in certain |inks
becom ng excessively | oaded, leading to traffic congestion. And in
the event of link failures, whether local or renote, it is necessary
to achi eve convergence in as short a tine as possible to mnimze
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the inpact on network conmunication. So Data center Al networks
require a reliable, flexible, and efficient solution to mtigate the
i mpact of traffic congestion and |ink faults on comunication
quality.

From t he perspective of source routing, SRv6 TE enabl es the source
node to directly participate in the path selection and pl anni ng
process. The service traffic within Al networks is highly diverse,
with different services having varying requirenments for |atency,
bandwi dth, and quality of service (QS). Leveraging the source
routing mechani sm the source node can flexibly determ ne the
forwardi ng path of packets based on specific service needs,
bypassi ng potentially congested or underperformng |inks, thereby
ensuring efficient transm ssion for critical services.

Al applications require fast processing and responses. Traffic using
RoCEv2 has | ow entropy for ECVP. At the sane tine, Al elephant flows
are predictable. Traffic engineering technology for Al backend

net wor ks becomes a possible solution. SRv6 TE can start fromthe
host side, making SRv6 source routing and traffic path control from
the host side an optional solution

Thi s docunent presents a SRv6 TE application scenario based on
Conpressed Segnent ldentifier (CSID) [RFCO800] to address traffic
congestion and link fault issues for Al traffic in data centers. The
key idea is to use CSID to design segnent list for forwardi ng paths
by SRv6 network path programm ng [ RFC8986], enabling dynamnic

swi tchover to the optinal path fromthe head (source) node to the
end node at the head (source) node in the event of traffic
congestion or link faults, thus routing traffic around congested or
faulty links to alleviate their inpact. This application scenario
enpl oys CSID, resulting in | ower packet overhead, higher flexibility,
and scal ability.

1.1. Requirenents Language

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

2. Application Scenario

This section introduces a SRv6 TE application scenario based on
NEXT- CSI D fl avor [ RFC9800] for Al network to mtigate the inpact of
traffic congestion and link faults on conmunication quality.

The conprehensive solution of this application scenario builds upon

traditional SRv6 TE met hods by enpl oying CSID for packet

encapsul ati on and forwardi ng. CSID conpresses the 128-bit SID
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[ RFC9602] into a shorter SID, such as 16-bit or 32-bit.

Multiple CSIDs can be concatenated into a conpact |ist and enbedded
in the remai ning space of a single |IPv6 address. Wen using 16-bit

segnment CSID for a 32-bit locator block, a single |Pv6 address can

easily encode a deterministic path with a depth of up to 6 hops.

The topol ogy of the application scenario is shown in Figure 1, which
includes a controller and multiple network nodes. The controller
collects the status of the entire data center network, such as

topol ogy, bandwi dth, and | atency, and cal cul ates the opti mal SRv6
CSI D path through algorithnms, such as Dijkstra and Path Conputation
El ement (PCE) [ RFC4655]. The controller issues SRv6 CSID policies to
the head node or nmodify the CSID sequence |ist through contro
managenent protocols (such as NETCONF [ RFC6241], BGP-LS [ RFC9514])
to dynamical ly adjust the packet forwarding path. The SRv6é Policy,
including nultiple feasible paths, is installed in the head node.
Each network node has a CSID and can identify the CSID and perform
shift forwardi ng operations.

Fomm e e e oo +
| Controller|
N +
/ \
/ \
Fommmaa - . Fommmaa - +
| Dat a Center |
I I
| (SPI'NE1)----- + to-m - ( SPI NE2)
I I \ I I
I I \/ I I
| | I\ X |
I I\ I
| (LEAF1)------ + ommmm - ( LEAF2)
I I I I
I I I I
| (HOST1) (HOST2) |
e e +

Figure 1: Typical Topol ogy

When congestion or a fault occurs in the application scenario, such
as the | ocation between SPI NE2 and LEAF2, the procedure is as
fol | ows:

* The congested or faulty node (LEAF2) advertises this to the
controller to recalculate the optimal CSID path and issue it to the
head node (HOST1), or the head node (HOST1) perceives congestion and
faults itself through probe packets or respondi ng ACKs, and resel ect
the optimal CSID path.
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* Based on SRv6 Policies that include CSID paths, traffic packets
are rerouted to the nost optimal forwarding path at the head node
(HOST1), avoiding congested or faulty |ocation

O course, the prerequisite of this application solution is that
there MUST be nmultiple feasible paths fromthe head node (HOST1) to
the end node (HOST2).

Thi s docunent assunes that congestion and failures can be probed by
the head node or controller, and how to probe congestion and
failures is beyond the scope of this docunent.

3. Illustration
This section provides an illustration of the SRv6 TE application
scenari o based on NEXT-CSID flavor. The exanple topology is depicted
in Figure 2.

Al network nodes in this topol ogy use a global 32-bit Locator-

Bl ock, which is 2001:db8::/32. Al network nodes use a 16-bit CSI D
where the CSID of node LEAF1 is 0xd101, the CSID of node LEAF2 is
0xd102, the CSID of node SPINE1l is 0xd001l, and the CSID of node

SPI NE2 is 0xd002

The controller, based on gl obal topol ogy information, calculates the
optimal path from HOST1 to HOST2 as LEAF1->SPlI NE2- >LEAF2 and i ssues
this to the head node HOST1. Since this path requires passing

t hrough three nodes, when HOST1 sends packets, it only needs to set
the 1 Pv6 destination address of the packets to

2001: db8: d101: d002: d102: : / 48.

Dat a Center

|

| CSI D: 0xd001 CSI D: 0xd002

| (SPINE1) - - - - - + S ( SPI NE2)

| | COOOQOOOOIR | #i##HH###H|

I | @ @/# #|

| | @ /\ #X

| CSID: 0xd101| @ | #@ #| CSI D: 0xd102
| (LEAF1)------ +H# @------ ( LEAF2)

I | HuHHH @OROEAD |

I
I

"X : the location of the traffic congestion or link fault
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"# : the optimal path before traffic congestion or link fault occurs
"@: the optimal path after traffic congestion or link fault occurs

Fi gure 2: Exanpl e Topol ogy

When a traffic congestion or link fault occurs between nodes SPI NE2
and LEAF2, the controller recalculates the optimal path from HOST1
to HOST2 as LEAF1->SPI NE1- >LEAF2 when the LEAF2 advertises the
traffic congestion or link fault to the controller. The controller

i ssues an update to the head node HOST1, instructing it to set the
| Pv6 destination address of transmitted packets to

2001: db8: d101: dO01: d102: :/ 48, thereby bypassing the location of the
traffic congestion or link fault.

4. QOperational Considerations

The operation of this application scenario is consistent with

[ RFC8986] and [ RFC9800]. All network nodes related to this
application scenario MIST support CSID and execute shift forwarding
operation of CSID.

5. 1 ANA Consi derations
Thi s document has no | ANA acti ons.
6. Security Considerations
Thi s docunent does not introduce additional security considerations.
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