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Abst ract

Thi s document introduces the main scenarios related to Al services in
WAN, as well as the requirenments for FANTEL(FAst Notification for
Traffic Engi neering and Load bal ancing) in these scenari os.
Traditional 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 new Al services need FANTEL to provide real-tinme and
proactive notifications for traffic engineering and | oad bal anci ng,
meeting the ultra-high throughput and | ossl ess data transni ssion
requirenents of these Al service scenarios
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1. Introduction

The rapi d devel opnent of Large Language Mddels (LLMs) necessitates
substantial conputing power. Hyperscalers build their own Al Data
Centers (AIDCs) to train foundational nodels. However, nost
enterprises do not have a demand for training foundati onal nodels but
want to nmeet the needs of fine-tuning and inference cost-effectively,
so a good solution is to rent third-party AIDCs for LLMs fine-tuning
and inference, requiring IP network to fulfill their needs. |IP
networ k consi sts of | P Backbone and I P Metropolitan Area Networks (1P
MAN). | P MAN interconnects various custonmers and data centers
(including AIDCs) within the netropolitan area, while | P Backbone
interconnects |P MANs and data centers (including AIDCs). |IP
Backbone and I P MAN belong to IP Wde Area Network (I P WAN, or WAN
for short).

The Al services in WAN, including sanple data transni ssion,

coordi nated nodel training and i nference, require networks to
efficiently manage traffic and rapidly adapt to network changes.

Hu, et al. Expires 7 January 2026 [ Page 2]



I nternet-Draft draft-hhz-fantel -sar-wan-00 July 2025

2.

2.

2.

[draft-geng-fantel -fantel -requirenents] points out that existing

net wor k managenment mechani sms such as FRR, BFD and ECN whi ch often
rely on del ayed feedback or reactive responses, resulting in network
performance degradation, |onger service disruptions, or inefficient
resource utilization. Therefore, FANTEL is proposed to inplenent
real-tine and reliable notifications of network events, effectively
supporting Traffic Engineering (TE) functions such as | oad bal anci ng,
failure protection, and congestion control. WAN need to depl oy
FANTEL to ensure high throughput and | ossl ess transm ssion of data,
nmeeting the new demands of Al services.

Conventions Used in This Document
1. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here
2. Abbreviations
Al DC. Al Data Center
ECVMP: Equal Cost Multi Path
FANTEL: Fast Notification for Traffic Engi neering and Load Bal anci ng
I NT: Inband Network Tel enetry
LLM Large Language Mbdel
MAN: Metropolitan Area Networks
RDMA: Renote Direct Menory Access
TE: Traffic Engineering

WAN: W de Area Network
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3. Use Cases

For nost customers, the cost of owning and maintaining Al facilities
is prohibitively high. A solutionis torent Al facilities, which
are located in third-party AIDCs to fulfill custoners’ LLMs training
or inference requirenments conveniently. Under these circunstances,
custonmers access AIDCs via WAN to get various Al services as shown in
Figure 1, including sanple data transm ssion, coordi nated node
training across Al DCs, and coordinated nodel inference between the
custoner and Al DCs.

S2: Coordi nat ed
nodel training
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Figure 1: Al service scenarios in WAN
3.1. Scenario 1: Sanple data transm ssion

When custoners train Al nodels in third-party AIDCs, they need to
transmt massive sanple data into AIDCs. Due to differentiated
custonmers’ requirements for data security, there are two sub-
scenari os invol ved.

3.1.1. Sub-scenario 1.1: Transnmitting sanple data into storage system

Since the training process of LLMs needs rounds of fine-tuning for
performance i nmprovenent, with each round consum ng nmassive sanpl e
data (ranging fromterabytes to petabytes). These custoners need to
upl oad sanple data into AIDCs as soon as possible to start the
training. To provide high-efficiency and cost-effective sanple data
transm ssion, WAN needs to neet the follow ng requirenents:

1. Customers usually obtain fixed bandw dth based on dedicated |ine
services to neet their service needs. However, the custoner’s sanple
data transmi ssion requirenents are intermttent and need to be as
fast as possible, thus requiring WAN to have the ability to flexibly
adj ust bandwi dt h based on tasks.
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2. To maxim ze the avail abl e bandwi dth for the data transm ssion,
this scenario requires the WAN to support fast notification of

net wor k status changes between devices, enabling real-tinme service
bandwi dt h adj ustnent, enabling efficient hourly transm ssion of
terabyt e-scal e sanpl e dat a.

3. During high-speed sanple data transm ssion, network failures can
lead to a | arge nunmber of packet |osses, resulting in a sharp
decrease of data transm ssion efficiency. This scenario requires WAN
to have mllisecond-1evel fast failure protection capability,
enabling rapid failure detection and fail over.

2. Sub-scenario 1.2: Directly transnitting sanple data to Al
servers

Certain customers with stringent data security requirenents prohibit
storing sanple data outside their facilities. To address this

probl em sanple data nust be uploaded to the Al training servers by
usi ng RDVA protocols while these servers are performng training
tasks. Current nainstream RDVA protocols rely on Go-Back-N
mechani sm maki ng them highly sensitive to | atency and packet | oss
(Even a 0. 1% packet | oss rate can degrade conputational efficiency by
50%) .

To achi eve | ossl ess transni ssion of sanple data, based on the

requi renents of sub-scenario 1.1, WAN needs further support

m | 1isecond-|evel fast congestion control, neeting the requirenent of
zero packet loss in RDVA transnission. Therefore, this scenario
requires the mechani smof FANTEL to quickly notify upstream devices
to reduce traffic speed based on the router cache situation

Scenario 2: Coordi nated nodel training

The scaling | aws denonstrate the performance of LLMs scales with
nodel size, sanple dataset size, and the amount of conputing power
used for training. The conmputing power demand of LLMs grows rapidly
(I't’'s estimated that GPT-6 requires ZFLOPS-scal e conputing power,
reachi ng a ~2000x i ncrease over GPT-4). The nodel training

requi renents of customers consi st of foundational nodel training and
fine-tuning. The conputing power of a single AIDCis limted by
physical infrastructure (e.g., space and power supply), nmaking it

i nadequate to neet the demands of LLMtraining. Thus, a solution is
proposed to fulfill the computing power demand of ultra-scale LLMs
training through the efficient coordination of distributed conputing
resources across nultiple AIDCs. Besides that, there are al ways sone
resi dual conputing resources that are insufficient to neet the
demands of a single custoner. These resources can be coordinated
across AIDCs to neet nore custonmers’ demands. For customers with
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hi gh data security requirenments and self-built DCs, the collaborative
traini ng between the custoner’s own DC and Al DC can achieve ultra-
scale LLMs training while ensuring sanple data does not | eave
custoner’s DC (Requiring the input and output |ayers of LLMto be
depl oyed within the customer’s DC).

In this scenario, the training task of LLMis split across multiple
Al DCs based on parallelization strategies such as pipeline

parall elismand data parallelism During nodel training, the
paraneters of LLMs need to be synchroni zed anong AlDCs. The
synchroni zation traffic of the paraneter plane is transnmtted via
RDVA prot ocol which usually features sone el ephant flows. Therefore,
WAN shoul d provide efficient and | ossl ess transni ssion of paraneter
pl ane data. WAN needs to neet the foll ow ng requirenents:

1. The characteristics of elephant flow are | ong duration and | arge
data anount, which can easily cause network congestion. The
synchroni zati on of paraneter plane requires |ow | atency and zero
packet loss. This scenario requires WAN to have nillisecond-I|eve
fast congestion control capability, rapidly notifying upstream
devices to slow down traffic rates upon detecting inpending
congestion. |In addition, because traditional |oad bal ancing often
relies on static policy, WAN needs to have a fast response for |oad
bal anci ng, imredi ately adjust |oad bal anci ng deci sions in response to
net wor k changes, ensuring optimal resource utilization and

per f or mance.

2. Interruption of paraneter plane synchronization due to network
failure may result in breakpoint rollback, causing wastage of
conmputing power, leading to a sharp decrease in conputationa
efficiency [draft-cheng-rtgwg-ai-network-reliability-problenj. This
scenario requires WAN to inplenent mllisecond-level failure
protection, which can quickly detect network failures and fail over

3.3. Scenario 3: Coordi nated nodel inference

Hu,

Many custoners have depl oyed Al servers in their own DCs to support
LLM i nference applications. However, the high depl oyment cost and
operational conplexity of on-prem ses deploynent limt the scale of
conputing power. Due to the increasing inference concurrency, this
on-prem ses depl oynent net hod cannot neet the conputing power denand.
To address this, the collaboration nodel inference between customer
and AIDCs presents a nore efficient, agile, and cost-effective
approach to realize elastic conputing power scaling.

In this scenario, the training task of LLMis split across custoners

and Al DCs based on parallelization strategi es such as pipeline
paral |l eli smand expert parallelism Taking the LLMs inference based
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on Prefill-Decode disaggregation architecture as an exanple, the

i nput and output |ayers of Prefill/decode are placed in the custoner,
whil e other |ayers are placed in the AIDC, ensuring |arge-scale

i nference concurrency, utilizing the conputing resources in AIDCs to
handl e | arger-scal e i nference concurrency and ensuring that sanple
data does not |eave customer’s DC

Duri ng nmodel inference, the parameter synchronization between Al DCs
are transmtted via RDVA protocol. Similar to scenario 2, this
scenario also requires WAN to have real -tinme el ephant flow | oad

bal ancing, mllisecond-Ievel congestion control, and fast network
failure protection capabilities.

Pr obl em St at enment

According to the Al scenarios nmentioned above, the prinmary chall enge
for WAN is real-tine traffic engineering and | oad bal ancing. Current
traffic engineering mechani sms have difficulty providing | owl atency
and | ow overhead sol utions that neet the above requirenents,
presenting the foll owi ng issues:

1. Current |oad bal ancing techni ques face great challenges in highly
dynanmi ¢ environnments. One of the core issues is the lack of tinely
awar eness and adaptive response to network state changes.

Traditional nmechanisns often rely on periodic global state

synchroni zation or static policies, which results in del ayed

deci si on-nmaki ng. The current controll er-based | oad bal anci ng uses
In-situ OAM (1 OAM to obtain network status information. | QOAM
provides visibility into traffic by enbedding telenetry data directly
in packets. However, |OAM data is extracted and reported by the
device CPU to a controller which adds latency and linmits

responsi veness [draft-geng-fantel-fantel-gap-anal ysis]. Mreover,
controllers typically process telenetry in software, resulting in

del ayed deci si on-naki ng. The delay of controller-based | oad

bal ancing typically at second-scale, inevitably |eads to network
congesti on and severe packet | oss.

2. Existing flow control mechanisnms rely on del ayed feedback or
reactive responses, which can | ead to suboptimal network performance
in high-latency or |long-RTT environnents |ike WAN. TCP-based
congestion control is a receiver-driven congestion control which uses
feedback signals fromthe receiver to adjust the transm ssion rate of
the sender. These signals are subject to RTT del ays, especially
probl ematic in hi gh-speed dynam ¢ environnents. ECN [ RFC3168] mar ks
packets to indicate congestion. However, ECN relies on end-to-end
signaling and | acks precise real-tine feedback. |INT provides path-

| evel telenetry by inserting netadata at each hop, which is returned
to the sender via the ACK. Sonme congestion control algorithms, such
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as Hi gh Precision Congestion Control (HPCC), utilize INT for precise
| oad- awareness. The telenetry based on INT generates an RTT del ay
before the sender receives feedback, which limts the response
capability. These end-to-end signaling-based flow control nechani sns
introduce tens of mlliseconds of |atency in |arge-scale WAN, which
fails to meet the requirenments for |ossless data transmni ssion

3. Existing failure protection nechanisns |ike BFD [ RFC5880] and FRR
[ RFC7490] are wi dely depl oyed, they both have limtations in speed
and scope. BFD is designed for rapid failure detection by sending
frequent control packets between peers, but high probe frequency not
only increases CPU and bandwi dth usage but also strains the contro

pl ane in |large-scale networks. Furthernore, 50ns detection cycle

al so makes it difficult for BFD to neet the detection requirenents of
some | arge-scale networks for link failures. Routing convergence
mechani sns depend on routing protocol convergence, which nay take
hundreds of milliseconds. FRR serves as the conpl enentary mechani sm
to routing convergence, achieving mllisecond-|evel failover through
pre- conmput ed backup paths. Due to protecting against only adjacent
failures, FRR lacks flexibility and responsiveness in conpl ex

topol ogies, with recovery |atency reaching tens of mlliseconds.
Traditional Failure protection nechanisns rely on periodic failure
detection and centralized rerouting, resulting in recovery tines that
are not fast enough.

5. Requirenents

To solve the above-nentioned probl ens, FANTEL is needed to provide
real-tine, rapid notification of network events to rel evant network
nodes, incl udi ng:

1. Fast network status notification. FANTEL uses traffic state
detection to nonitor traffic patterns, link utilization, and node

|l oad to trigger notifications on significant deviations
[draft-geng-fantel-fantel -requirenents]. Nodes can adjust the path
and traffic rate in real-tine based on FANTEL, achieving link status
to achieve efficient traffic engineering and | oad bal anci ng.

2. Fast congestion notification. FANTEL provides a fast, |ow

| atency notification mechanismthat can detect and alert network
devices to congestion events in real tinme. Wen congestion occur,
node can adjust data transm ssion rate and re-route the transm ssion
route based on FANTEL, preventing packet | oss.
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3. Fast failure protection. FANTEL uses fast failure detection and
notification to nmonitor real-tinme |ink/node status. When failure
occurs, a node with protection mechanisnms may i mediately switch to
backup paths, reroute traffic, or suppress affected routes, ensuring
service reliability.

I'n summary, FANTEL provides a real-time notification mechani smthat
can be used in WAN, enabling bandwidth utilization, |ossless
transm ssion, and fast failover in different Al scenari os.
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