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Abst ract

Thi s docunent introduces the main scenarios related to Al services in
WAN, as well as their requirenents for FANTEL (FAst Notification for
Traffic Engi neering and Load bal ancing) in these scenari os.
Tradi ti onal network managenent nechani sns are often constrai ned by

sl ow feedback and high overhead, Iimting their ability to react
quickly to sudden link failures, congestion, or |oad inbal ances.
Therefore, these Al services need FANTEL to provide real-tine and
proactive notifications for traffic engineering and | oad bal anci ng,
nmeeting the requirenments of ultra-high throughput and | ossl ess data
transm ssi on.

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 23 April 2026
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Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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I nt roducti on

The rapi d devel opnent of Artificial Intelligence (Al), particularly
| arge | anguage nodel s(LLMs), necessitates substantial conputing
power. Leasing conputing resources fromthird-party Al Data Centers
(AIDCs) provides a cost-efficient and elastic solution for entities
such as industry enterprises or research institutions that find
bui | di ng and mai ntaining their owmn DC costly. However, Al service
traffic, characterized by massive vol unme, high burstiness, and
sensitivity to packet |oss and | atency, poses significant chall enges
to IP WAN interconnecting nultiple entities and AIDCs. Moreover,
entities with strict security requirenments nay prefer to keep their
dat asets on-prem ses, which introduces challenges in renote access
and distributed coordination.

Thi s docunent categorizes Al service scenarios over the WAN and

anal yzes representative use cases, including sanple data mgration,
renote data access, coordinated nodel training between entities and
Al DCs, coordi nated nodel training across Al DCs, and coordi nat ed nodel
i nference. Based on these use cases, this docunent sumarizes the
correspondi ng chal | enges and requirements, and di scusses what and how
the FANTEL architecture can address them

Conventions Used in This Docunent

Requi renment s Language
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here
Abbr evi ati ons
* Al: Artificial Intelligence
* AIDC. Al Data Center
* ECMP: Equal -Cost Multi Path

* FANTEL: Fast Notification for Traffic Engineering and Load
Bal anci ng

* INT: Inband Network Tel enetry

* |OAM In-situ Operations, Administration, and Mi ntenance
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* LLM Large Language Mbdel
*  MAN: Metropolitan Area Networks
* RDMA: Renote Direct Menory Access
* TE Traffic Engineering
* TPOT: Tinme per CQutput Token
* TTFT: Time to First Token
*  WAN: Wde Area Network
3. Use Cases
3.1. Al Service Scenarios in WAN
Wth the rapid growth of Al service traffic, entities and Al DCs face
increasing strain on their conputing resources. To address this, WAN
provi des the essential foundation for integrating and delivering
conputing power across sites. Based on WAN, on-denmand conpute
| easing offers an elastic, cost-effective way to scale Al resources.
Al service scenarios in WAN can be categorized in into 3 scenari os,
i ncludi ng sanpl e data transfer, coordinated training, and coordi nated

i nference, as shown in Figure 1.

S2.1: Coordi nated nodel training
between multiple Al DCs

Fommmaa - S I I > oeaomo-- +
| AIDCS |----------mmmaaaa - | AIDCs |
Fomm oo + Fomm oo +
AN | | AN
| | | | S2.2: Coordi nated
| | nmodel training
S1: Sample | | | | bet ween
Data | | W de Area Network | | cust omer and Al DCs
Transfer | | | |
| | | | S3: Coordi nat ed nodel
| | | | i nference
v | v
S + S +
| Entity | | Entity |
R + R +

Figure 1: Al service scenarios in WAN
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3.1.1. Scenario 1: Sanple Data Transfer

Sanpl e data transfer refers to the transfer of mmssive sanple data
fromentities’ storage DCs to their own or third-party Al DCs for
nmodel training. Due to the diversity of data security requirenents
vary anmong entities, there are two sub-scenari os:

1) Sanple Data Mgration: To neet the high-throughput and | ow I atency
requirenents of Al training, entities generally mgrate their sanple
datasets to Al DC storages, where each training round can access
terabytes to petabytes of data efficiently.

2) Renpte Sanple Data Access: To protect sensitive data, entities
with strict security requirenents retain their datasets in on-

prem ses storage rather than mgrating themto AIDCs. This creates
the need for secure, |owl atency, |ossless approaches that allow
timely renpote access to sanple data during nodel training.

3.1.2. Scenario 2: Coordinated Mdel Training

The conputing power required for Al nmodel training is enornmous and
grows rapidly, especially as nodels scale in size and conplexity.

For exanple, the conputing power dermand of LLMs grows rapidly — it is
estimated that GPT-6 requires ZFLOPS-scal e conputing power, reaching

a ~2000x increase over GPT-4. A single DC would struggle to neet

such enornous demands. Therefore, integrating dispersed conputing
resources to support LLMs training (including training and fine-
tuni ng of foundational nodels) has becone a key sol ution

1) Coordinated Model Training across AIDCs: The scalability of a
single AIDC is inherently constrained by its physical infrastructure

(e.g., space and power supply). In order to neet the enornous
computi ng power requirements of training, one solutionis to
coordi nate distributed conputing resources across nmultiple AIDCs. It

al so helps fully utilize the idle conmputing resources available in
di fferent DCs.

2) Coordi nated Model Training between Entities and Al DCs: Some
entities that have deployed Al facilities in their owm DCs have to
face rapidly growi ng conmputing resource demands. Instead of build
new Al infrastructure, which is costly, they can coordinate with

| eased third-party AIDCs to supplenment their capacity. Moreover,
entities with strict security requirenents can further enhance this
approach by incorporating split learning with the input/output |ayers
depl oyed locally to ensure sensitive data remai ns on-prenises.
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3.1.3. Scenario 3: Coordi nated Mdel |nference

Entities that have deployed Al facilities in their own DCs al so have
to face the degradation of TTFT and TPOT as inference concurrency

i ncreases continuously. Since expanding on-prem ses Al capacity is
often costly, leasing third-party Al DCs and coordinating inference
between entities’ AIDCs and third-party AIDCs can be a cost-effective
way to scal e concurrent inference capacity.

3.2. Sanple Data Mgration
3.2.1. Use Case Description

Since Al training requires multiple rounds of fine-tuning for
performance i nmprovenent, and each round consunmes nassive sanpl e data
(ranging fromterabytes to petabytes), entities need to upload these
sanple data into AIDCs as soon as possible to start the next round of
trai ni ng.

Currently, many entities still rely on shipping physical hard drives
to mgrate such | arge datasets, which not only risks data loss if the
drives are damaged but is also highly inefficient.

For network-based solutions, entities typically have to rent

dedi cated line services with fixed-bandwi dth on a nonthly or annually
subscription basis, which is |l ess cost-effective because the data
transfer traffic is bursty, nmeaning the bandwidth is only fully
utilized during short transfer periods and remains idle for the rest
of the tine.

3.2.2. Fast Notification |Inpact

For high-efficiency and cost-effective sanple-data mgration, fast
notification of network status enhances the WAN in the foll ow ng
ways:

1) To maxim ze the avail abl e bandwi dth for the data transm ssion, WAN
shoul d support fast notification of network status changes across

devi ces, achieving efficient hourly transm ssion of terabyte-scale
sanpl e data by enabling real-tine service bandw dth adjustnent based
on tasks. Mdreover, the data nigration services should be

provi sioned on a task basis, elimnating the need for entities to

| ease high-bandwi dth Iines on a nonthly/yearly basis and thereby
significantly reducing costs.
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2) During high-speed sanple data migration, even m nor network
failures can trigger significant packet |oss, sharply reducing the
efficiency. To prevent this the WAN should provide mllisecond-|eve
fast failure notification, enabling rapid failure detection and
failover to maintain high throughput.

3.2.3. Exanple

TS +
| Controller|
R S
I
On-demand | |  Network
Bandwi dth | | Status
| |
I I
| | e +
L + +--V--- -+ -+ | +------- + L +|
| Local | | WAN | | | St orage+----- +Conput i ng|
| Storage +----- | | ------- B A + B S +|
TS + S + | Al DC |
Local Sanple Data e +
(TB-PB Scal e)
_______________________ >
10 TB/ day

Figure 2: Sanple Data Mgration from Local Storage to Al DC

An exampl e of sanple data migration is an enterprise that |eases the

Al services froma third-party AIDC. In this case, the enterprise
collects and stores the sanple data in its | ocal storage and needs to
transfer 10 TB data to AIDC every day. It would take several days if

it transferred by shipping hard drives, or 10 days if transfer over a
100 Mops link.

Using real-tine network status obtained fromthe fast notification
mechani sm the controller can flexibly adjust service bandw dth on-
demand i n seconds and ensure high throughput via traffic engineering
and | oad balancing. In this exanple, the controller adjusts the
service bandwidth to 10 Gohps for 3 hours, which is sufficient to
conplete the 10 TB data migration, and dynanically updates the
traffic engineering and | oad bal ancing policies to maintain high

t hr oughput .
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3.3. Renote Sanple Data Access
3.3.1. Use Case Description

Sone industries with highly sensitive data prefer to keep their
dat asets on-prem ses, avoiding the risk of |eakage that nay arise
when migrating data to third-party Al DCs.

The nobst comon net hod for accessing such data during Al conputing is
to use RDMA protocols (e.g. InfiniBand and RoCE), which achi eve
ultra-low | atency, actively bypass TCP' s congestion control

mechani sm and rely on the Go-back-N nmechani smto handl e packet |oss
and di sorder. The Go-back-N mechanismretransnits all unacknow edged
packets (including correctly received ones) after a tineout, causing
the RDVA protocol extrenely sensitive to packet loss -- even a 0.1%
packet | oss can cause throughput to drop by roughly 50%

To provide efficient Al services for these industries, robust
congestion-control solutions are needed in WANs to minimnze | atency
and packet | oss.

3.3.2. Fast Notification |npact
M 11lisecond-Ilevel, lightweight notification can be sent to nodes
adj acent to or affected by failure or congestion, enabling | ossless
transm ssi on of sanple data and neeting the stringent packet-I|oss
tol erance requirement of RDMA transm ssion.

3.3.3. Exanple

o m e e e e e e e maaaoo- +

TS + S + | +-------- + TS + |

| Local +-o---+ WAN +----|-+ Sanple +----+Paraneter| |

| Storage | | | | Plane | | Pl ane | |

S - + - + | +-------- + S - + |
Local Sanple Data | Al DC |
o m e e e e e e e maaaoo- +

o m o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e oo o - >

Figure 3: Renpte Sanmple Data Transnission via RDVA
An exanpl e of renpte data access involves an enterprise with strict

security requirenments that prohibit storing sensitive data outside
its premses, while still wishing to | ease conputing resources from
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third-party AIDCs. |In this case, renote sanple data are transnitted
between the AIDC and the enterprise’ s local storage via RDVA, which
is highly sensitive to packet |oss. The distance between the Al DC
and the local storage nay range from 100 to 500 km

The fast notification nechani smenabl es fl ow based preci se congestion
control through inmedi ate congestion notification, ensuring |ossless
RDVA transm ssion and thereby supporting secure and efficient node
traini ng.

3.4. Coordi nated Mddel Training across Al DCs
3.4.1. Use Case Description

Due to the Iimted conputing resources of a single DC, the training
task can be split and coordinated across multiple AIDCs. This
approach also helps fully utilize the idle conputing resources
available in different DCs. Coordi nated nodel training across Al DCs
requires the WAN to support nassive, highly concurrent and bursty
traffic of parameter synchronizations.

3.4.2. Fast Notification |npact

For coordi nated nodel training across Al DCs, fast failure and
congestion notification enhances WAN in the foll owi ng ways:

1) Dynamic | oad bal ancing: Fast network status notifications allow
dynanmi ¢ | oad bal ancing strategies to be deployed in real tineg,
ensuring optinmal utilization of network resources and naintai ning
hi gh perfornmance

2) Low | atency, |ossless parameter synchronization: Fast notification
enables mllisecond-Ievel congestion control in the WAN, allow ng
upstream devices to pronptly reduce their transm ssion rates upon
detecting i npendi ng congesti on.

3) Rapid failure protection: Interruptions in paraneter
synchroni zati on due to network failures can trigger rollback and
comput ation waste, sharply reducing training efficiency
[draft-cheng-rtgwg-ai -network-reliability-problem. Fast
notification enables nillisecond-1evel failure detection and
failover, mnimzing training disruptions.

3.4.3. Exanple
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R R + R R +
|+ --------- +| o e e e e oo o + |+ --------- +|
| | Paraneter| +----+ WAN +----+ | Parameter| |
| | Plane | | | | | Plane | |
| +--------- + | e + | +--------- + |
| Al DC | | Al DC I
R R + RDMVA R R +
I >

Par amet er Synchroni zation

Paral | eli zation Strategies

S o +
I
Fomm oo Fomm oo +
| LLM Trai ni ng Task
o e e e oo +

Fi gure 4: Coordi nated Mddel Training across Al DCs

An exanpl e of coordinated Mbdel Training across AIDCs is splitting
the training task of LLMusing parallelization strategies such as
pi peline parallelismand data parallelism During nodel training,
LLM paraneters are synchroni zed across geographically distributed
Al DCs via the WAN using the RDVA protocol. The paraneter

synchroni zation traffic is highly concurrent and bursty el ephant
flows, characterized by |ong duration and | arge data anount, which
can easily cause network congestion

Leveragi ng fast network status notification, the WAN can perform
efficient traffic engineering and | oad bal ancing. In addition, fast
failure and congestion notifications enable flow based precise
congestion control, ensuring |ossless and efficient paraneter
synchroni zati on.

3.5. Coordinated Mdel Training between Entities and Al DCs
3.5.1. Use Case Description

Consi dering cost and security, sone entities nmay choose to | ease
third-party AIDCs to neet their rapidly growi ng conputing resource
demands. In this case, split |earning can be applied, where only

i nput/output |ayers are deployed locally for data security, while the
intermedi ate | ayers are deployed in third-party Al DCs for cost
efficiency. Activations and gradients are transnmitted via the WAN.
However, the transm ssion between entities and AIDCs still requires

|l ow | atency and even nore el astic bandwi dt h.
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3.5.2. Fast Notification |Inpact

For coordi nated nodel training between entities and Al DCs, fast
notification mechani sm enhances WAN performance in the follow ng
ways:

1) Providing low |l atency through fast congestion and failure
notification (as discussed in Section 3.4.2).

2) Enabling elastic bandwi dth allocation and dynanmic traffic
engi neering and | oad bal anci ng strategies through fast network status
notification (as discussed in Section 3.2.2).

3.5.3. Exanple

oo e ee e oo + o e oo +
| +------- + de-eeeaaaa + | e + | +--------- +
| |Local +--+Paraneter| +----+ WAN +----+ +Paraneter |
| | Storage| |Plane | | | | | Plane | |
|+ ------- + - -- - +| o e e e e oo o + |+ --------- +|
| Entity | | Al DC
oo 7\ + RDVA S .
L + | Qe mmememeeececeeeeccceeeeccceaa - > | H--------- +
| +-+ ++| | (Activations, Gradi ents) | |+ + +- +|
[11] |n[] | | 112 | n| |
111 N R
[T 11| Split Learning [ 1] | 1] |
[ +-+ -+ +--oemee i o e e e e oo + | +-+ +- +|
S R + | S +
Fom oo Fom oo +
| Training Task |
o ee oo +

Fi gure 5: Coordi nated Mddel Training between entities and Al DCs

An exanpl e of coordi nated nodel training between entities and Al DCs
is that an entity only has to build m ni mum anmount of conputing
resource to deploy input/output |layers locally, while |easing third-
party Al DC resources to deploy internediate |ayers. During node
training, the activations of the forward pass and gradients of the
backward pass are transnitted via the WAN usi ng the RDVA protocol,
whi ch are bursty and | atency-sensitive.

Fast network status notification enables flexible bandw dth

al | ocation, dynamic traffic engineering and | oad bal ancing, while
fast congestion notification ensures |ow | atency.
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3.6. Coordi nated Mdel |nference
3.6.1. Use Case Description

Simlar to Section 3.5, entities may al so choose to | ease third-party
Al DCs for nodel inference. Sonme may conpletely depend on third-party
Al DC for inference which require enough bandwi dth and |l ow | atency to
access via the WAN, while others | ease third-party AIDCs as the

suppl ement coordinating with the entities’ local inference which
requires low | atency, |ow packet |oss and cost-effective
transm ssi on.

3.6.2. Fast Notification |Inpact

For coordi nated nodel inference, fast notification nechani sm enhances
WAN performance in the foll ow ng ways:

1) Providing low |l atency through fast congestion and failure
notification (as discussed in Section 3.4.2).

2) Enabling el astic bandwi dth allocation and dynanmic traffic
engi neering and | oad bal anci ng strategies through fast network status
notification (as discussed in Section 3.2.2).

3.6.3. Exanple

o e e e e e e e e oo o - + S +
| +------- +  A--------- + | S + [ + |
| | Local +--+Paraneter| +----+ WAN +----+ +Paraneter |
| | Storage| |Plane | | | | | Pl ane | |
| +------- S ST R + | - + | +--------- +
| Entity | | Al DC
o e e - LA + RDVA TS AT
R S B e > [ +
| +-+ ++ | (KV Cache, Activations) | |+ + +- +|
|11 [nl| | | |11] | n| |
[ AP I O [ T B
[ | [ 1 Split Learning [ 1] [ 1]
| +-+ +- +| o e e e o - - o e e e e o - - + |+ + +- +|
R + | R +
Prefill instance Fome - - Fome - - + Decode | nstance
| I nference Task |
o e +

Fi gure 6: Coordi nated Model |nference
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An exanpl e of coordinated nodel inference enploys split learning to
distribute the inference task between entities and AIDCs. The
prefill instance is deployed locally and the decode instance is
deployed in third-party Al DCs, since the decode phase has
significantly higher GPU nenory requirenents conpared to the prefil
phase. This reduces the demand on the entity's local DC and keeps
the pronpts on-prem ses. Additionally, the input and output |ayers
of the decode phase can remain in the entity’ s DC to neet stricter
data security requirenments. During nodel inference, the key/val ue
cache and internedi ate activations are transnmtted via the WAN usi ng
t he RDVA pr ot ocol

Similar to Section 3.5, fast network status notification enables
flexi bl e bandwi dth allocation, dynanmic traffic engineering and | oad
bal anci ng, while fast congestion and failure notification ensures |ow
| at ency and effective congestion control

4. Chal l enges and Requirenents

The above use cases introduce elastic, cost-effective, and secure
ways to scale and fully utilize the conputing resources for Al
services across multiple sites. However, these approaches involve

| ong-di stance transm ssion over the WAN of Al service traffic, which
is characterized by nassive volunme, high burstiness, and sensitivity
to packet loss and | atency. These characteristics expose limtations
i n existing nmechani sns, including del ayed deci si on-maki ng, coarse-
grai ned feedback, and sl ow recovery:

* Load Bal anci ng nechanisnms (e.g., 10AM typically depend on
centralized control or static policies, resulting in delayed
reaction to highly dynanmic traffic, which may | ead to congestion
or packet -1 oss.

* Flow Control mechanisnms (e.g., ECN [ RFC3168]) often rely on end-
to-end feedback that is constrained by RTT delays, nmaking it hard
to achi eve fine-grained, real-tinme adjustnent.

* Failure Protection mechanisms (e.g., BFD [ RFC5880], FRR [ RFC7490])
typically involve periodic detection and preconputed backup paths,
whi ch cannot always provide mllisecond-Ievel recovery in conplex
mul ti-domai n environnents. Mreover, increasing probe frequency
to shorten detection tinme inevitably raises CPU and bandw dth
over head.

Zhang, et al. Expires 23 April 2026 [ Page 13]



Internet-Draft draft-hhz-fantel -sar-wan-01 Cct ober 2025

7

To address these chall enges, FANTEL architecture needs to provide
fast, real-tinme, lightweight notifications for efficient |oad

bal ancing, flow control, and failure protection, enabling elastic
bandwi dth, | ossless transm ssion, and fast failover recovery for Al
service traffic over the WAN, i ncl udi ng:

* Fast Network Status Notification delivers real-tinme visibility
into traffic patterns, link utilization, and node |oad to support
tinmely adjustnents of paths and traffic rates.

* Fast Congestion Notification provides |owlatency, fine-grained
feedback to enabl e i medi ate adjustnments of data transmi ssion rate
or re-routing, preventing congestion and packet | oss.

* Fast Failure Notification notifies link or node failures with
real -tine detection and precise propagation, allow ng i mediate
responses such as switching to backup paths, rerouting traffic, or
suppressing affected routes to ensure service reliability.

I ANA Consi derations
N A
Security Considerations
TBD.
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