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Abst ract

Thi s docunent defines the requirements for Fast Notification for
Traffic Engineering and Load Bal anci ng (FaNTEL), a nechani sm desi gned
to deliver tinely network status updates directly fromthe network
device with a change to the device expected to react to it. FaNTEL
supports fast failure and congestion notifications, enabling rapid
protection swi tching and dynam c | oad bal ancing. By providing | ow

| atency alerts, it helps networks respond quickly to link failures
and congestion events, enhancing service reliability and perfornmance.

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 nmay 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 documents valid for a maxi mum of six nonths
and nay 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 31 August 2026
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Introduction to Fast Notification
Background and Mdtivation

In today’'s increasingly dynam ¢ and conpl ex network environnents,
efficient traffic nmanagenent and rapi d adaptati on to network changes
are critical. Traditional network nanagenment systens are often
limted in their ability to react quickly to sudden traffic shifts,
failures, or congestion. As a result, these networks may experience
performance degradation, prolonged service disruptions, or
inefficient resource utilization

The demand for faster, nore responsive network rmanagenent has
intensified significantly with the evolution of Al training and
reasoning traffic. This new scenario presents unique
characteristics, including | arger packets (e.g., 4KB), increased
overall traffic volume, and a shift towards fewer but |arger flows.

These changes introduce distinct network chall enges. Mintaining
hi gh performance and availability necessitates high-speed

i nterconnects supporting 200-400 Gops for GPUs. Furthernore,
effective | oad bal anci ng and congesti on control nechanisns are
crucial to ensure that these massive, critical data fl ows are nmanaged
efficiently and without interruption. The ability to nmeet these
demands is paramount for optimzing Al workl oads and ensuring

conti nuous, high-performance operations.

Fast Notification for Traffic Engineering and Load Balancing is a
mechani smthat delivers tinmely notification of network events (e.g.,
link failures, congestion, traffic shifts, or |oad inbal ances) to the
rel evant network nodes. By enabling rapid comunication between
devices, fast notification facilitates quicker decision-naking and
faster adjustnents to network routing and traffic nmanagenent
strat egi es.

The core principle of Fast Notification is to reduce the tine it
takes for a network node to becone aware of a change in its
environment and to adjust accordingly. This is achieved through the
use of high-priority, lowlatency signaling nmechanisnms that notify
nodes of changes in traffic patterns or network conditions al nost

i medi at el y.

Noti fication Procedure
* Fast Notification Messages: Lightweight nmessages that convey state

changes (such as traffic or network failure events) from one node
to others
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* Notification Propagation Mechanism A reliable and efficient way
to dissem nate notifications quickly throughout the network.

* Triggering Mechani smfor Message Sendi ng(out of scope of FaNTEL)
A mechani smthat detects significant network changes (e.g., link
utilization threshol ds, delay spikes, packet loss) and initiates
the sending of fast notification nessages.

* Action after Receiving the Message(out of scope of FaNTEL): An
action (such as rerouting traffic or applying flow control) once
the notification is received.

The requirenents of FaNTEL focus on the definition of notifications
and their correspondi ng propagati on mechani sns. The nethods for
triggering notifications and the actions taken upon receiving these
notifications, whether through existing solutions or new protoco
ext ensions, are out of scope for this docunent.

The nechani sns that are out of the scope of current notification
requi renents could be inplenmented using existing solutions.

Not e: The detail ed nmechani sns and i npl enentati ons (such as nessage
format, propagation protocols) are out of scope of this docunent
and will be specified in separate docunents.

2. Fast Notification for Load Bal anci ng
2.1. Background: Challenges in Load Bal anci ng

Load balancing is a critical function in Al networks, ensuring that
network resources are efficiently allocated and that no single node
or link becones overwhel med with excessive traffic. Proper |oad
bal anci ng i nproves network perfornmance, prevents bottlenecks, and
ensures that network services remain responsive and reliable.

However, current |oad bal ancing techni ques face significant
chal l enges in highly dynamic environments. One of the core issues is
the lack of tinmely awareness and adaptive response to network state
changes. Traditional nechanisns often rely on periodic global state
synchroni zation or static policies, which results in delayed and

i naccurate deci sion-naking. These delays nmake it difficult to
capture instantaneous changes such as |ink congestion, node failures,
or traffic bursts.

Mor eover, | oad bal anci ng deci si ons based on | ocal views cannot
percei ve downstream contention or routing fluctuations, potentially
| eading to persistent traffic injection into congested paths and

i ncreased queui ng and packet | o0ss.
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Fast Notification is supposed to support |oad bal ancing by providing
fast, efficient notification of changes in traffic patterns, network
failures, and congestion. By using high-priority, |owlatency
messages, Fast Notification allows network nodes to i mediately
adjust their |oad bal anci ng decisions in response to these changes,
ensuring optimal resource utilization and perfornance.

Requirenments for Fast Notification in Load Bal anci ng

1. Traffic State Detection: Mnitoring of traffic patterns, link
utilization, and node load to trigger notifications on
significant deviations.

2. Notification Propagation: Propagation from congestion node with

event details (e.g., congestion, traffic shift) to rel evant

devi ces.

3. Action Adjustnents: Nodes can reroute or redistribute traffic
i medi atel y upon receiving a notification

Once a fast notification nessage is received, the | oad bal anci ng

mechani smis supposed to i mredi ately reassess the routing and traffic

all ocation strategy. This may involve:

* Shifting flows to underutilized paths

* Splitting traffic across multiple paths

* Throttling traffic destined for congested regions

In addition, nodes may update their |local state or forward the

notification upstreamto further optim ze the network reaction

Timely and coordi nated response across the network significantly

enhances | oad bal anci ng effectiveness.

Desi gn Gaol s

* Traffic Information in time: Fast notification provides up-to-date
i nformati on about the current state of the network, including
traffic volunme, node utilization, and |ink | oad.

* Precise Load Rebal ancing: Enabl es inmediate notifications to the
af fected nodes for quick traffic redistribution.

* Optimzed Resource Uilization: Supports fine-grained traffic
distribution on a per-packet or per-flow basis.
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Fast Notification for Protection
Background: Challenges in Network Protection

Net wor k protection ensures service availability and m ninizes
di sruptions due to failures like Iink outages or device nal functions.
However, traditional protection mechanisns face several linmtations:

* Sl ow Detection and Recovery: Traditional protection often relies
on periodic failure detection and centralized rerouting, resulting
in recovery tinmes that are not fast enough for nodern service
expect ati ons.

* Inefficient Failover: Wthout fast notification, failover paths
may not be activated or optimzed in time, |eading to service
i nterruption.

In high-reliability scenarios, network protection nust be capabl e of
rapid detection and notification of failures to nmeet perfornmance
goal s such as sub-50ns recovery.

Fast Notification enables rapid notification of failures, allow ng
near - i nst ant aneous and dynami c protection responses, mnimzing user
i mpact .

Requirements for Fast Notification in Protection

1. Failure Detection and Notification: Notifications are generated
when failures occur and propagated directly fromfailed node to
the rel evant respond node.

2. Precise Notification Propagation: Notifications must reach
rel evant nodes quickly, such as upstream routers.

3. Optimzation of Backup Paths: Failure notifications can trigger
optinized rerouting or pre-established backup path activation

Upon receiving a notification of failure, protection mechani sms may

i medi ately switch to backup paths, reroute traffic, or suppress
affected routes. This ensures mninal disruption and quick recovery.
Coor di nated response strategies may include upstream node
notification, service-aware failover, and path re-optini zation based
on updat ed network topol ogy.

Desi gn Gaol s

* Rapid Failure Response: Enabl es sub-second (or even sub-50ns)
reaction to failures.
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* | nproved Service Continuity: Mninmizes traffic | oss and recovery
time.

* Efficient Resource Utilization: Ensures backup resources are used
only when needed, and in the nost optinal way.

3.4. Integration Requirements with Existing Protecti on Mechani sns

Fast Notification can be integrated with various existing protection
schenes to inprove their responsiveness and efficiency:

* Fast Reroute (FRR): Fast notification enhances FRR by delivering
failure notifications al nbst instantaneously, allowing for faster
and nore efficient rerouting of traffic. This helps maintain high
availability and m nim zes service disruption

* Hot Stand-by: Fast notification conplenments Routing Protoco
Convergence protocols by providing fast failure notifications,
ensuring that devices can quickly switch to backup paths and
mai ntain service continuity.

* Milti-Path Routing: In networks using ECMP or other multi-path
routing protocols, fast notification enables the i mediate re-
adjustnent of traffic flows when a failure is detected, ensuring
opti mal use of avail abl e paths.

4. Fast Notification for Flow Contro
4.1. Background: Challenges in Flow Contro

Fast Notification enhances flow control by providing a fast, |ow

| atency notification systemthat can detect and alert network devices
to congestion events in tine. Wth Fast Notification, congestion can
be identified and communi cated to rel evant network nodes al nost

i nstantaneously, allowing for rapid nitigation actions such as
traffic rerouting, rate limting, or queuing adjustnents.

Note: Unlike traditional host-to-host (end-to-end) flow contro
mechani sms at the transport |ayer (e.g., TCP), this docunment focuses
on Layer 3 (network layer) flow control. Specifically, it targets
congestion control and buffering acti ons between adjacent network
nodes, enabling upstream nodes to slow down or buffer traffic in
response to downstream congestion
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A key challenge in flow control is the tinely detection and

di ssem nati on of congestion events to avoid packet |oss and

t hroughput degradation. Traditional flow control nechanisns often
rely on del ayed feedback or reactive responses, which can lead to
subopti mal network performance in highly dynam ¢ environnents.

Requirements for Fast Notification in Flow Control

The integration of Fast Notification into flow control mechani snms
i nvol ves several key processes:

1. Congestion Detection: Network devices continuously nonitor
traffic flows and link usage to identify potential congestion
poi nts. \When congestion is detected, a notification is generated
and sent through the Fast Notification system These
notifications include critical information, such as the affected
link or device, the severity of the congestion, and the current
traffic | oad.

2. Notification Propagation: Once the congestion event is detected,
the Fast Notification system quickly propagates this information
upstreamto adj acent nodes that may contribute to the congestion
Thi s enabl es upstream nodes to take appropriate actions, such as
rate limting or buffering.

3. Backpressure and Buffering: Instead of relying solely on
rerouting or end-to-end rate control, this approach all ows
upstream network nodes to apply backpressure by slow ng down
traffic forwarding or buffering packets locally. This helps to
absorb traffic bursts and prevent packet | oss downstream

Desi gn Gaol s

* Congestion Detection: Fast Notification delivers updates about
network conditions, enabling rel evant network nodes to know the
congestion as soon as it occurs. This ensures that corrective
actions can be taken pronptly before the congestion worsens.

* Adaptive Node-to-Node Congestion Managenent: Fast Notification
enabl es adaptive congesti on managenent at the network node | eve
by all owi ng nodes to dynam cally adjust forwardi ng behavi or and
buffer usage in response to congestion notifications from
downstream nodes

* Mnimzed Packet Loss: By enabling fast congestion alerts within
the network, Fast Notification helps avoid packet |oss by
triggering corrective actions such as backpressure and flow rate
adj ustnents upstream before congestion reaches critical |evels.
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Integration with Existing Fl ow Control Mechani sims

Fast Notification can be integrated with existing flow control
strategies to inprove their responsiveness and efficiency:

*

5.

Transport Layer Flow Control (for exanple: TCP): Fast Notification
is distinct fromtraditional TCP flow control, which operates end-
to-end between hosts. TCP reacts to congestion signals that are
often del ayed due to network round-trip tines.

Layer 3 Node-to-Node Flow Control: The nechani sm proposed here
focuses on adj acent network nodes cooperating via Fast
Notification to performrapid congestion signaling and buffering.
This reduces reaction time and i nproves network stability in
dynani ¢ environments.

Explicit Congestion Notification (ECN): Fast Notification can
conmpl enent ECN by providing nore granul ar, rapid updates on
congestion status within the network fabric, allow ng quicker
| ocal reactions beyond the transport |ayer.

Il'lustration: Host-to-Host vs Node-to-Node Fl ow Control
Host A ---- Nodel ---- Node2 ---- Node3 ---- HostB

I I

| —==—=—=—======—=—=—=—=—======(at a===================>
TCP | |
Fl ow | <+++++++++++++pl ease sl ow down+++++++++++++++|
Contr ol | |
[---ccmmm e - data------------------- >|

| —============—========(at a===================>
Net wor k | | <- sl owdown- - | |
Fl ow | =========== ] cc s e e |
Contr ol | | <-sl owdown- | |
R R R data------------------- >|

Fast Notification for Capability Announcenent

In addition to conveying failure or perfornmance-rel ated events, there
is a potential need for a |ightweight nechanismto announce certain
network capabilities that are not directly related to routing.

Speci fically:
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*  Sone types of network capability information (e.g., processing
features, service functions, queuing nodels, etc.) may need to be
announced anong networ k nodes;

* These types of information are not suitable for distribution via
existing | GP or BGP nmechani sns, either due to scope, frequency, or
protocol constraints;

Wil e this docunment does not define specific nechanisns, it
hi ghl i ghts the potential requirenment for fast, |ow overhead
notifications to convey such capability announcenments across devices.

Furt her analysis and definition of this use case is TBD.
Scope of Notification Mechanism Definition

To support fast and reliable notification in network systens, it is
inmportant to clearly define the boundary of what needs to be
standardi zed or further specified. This section identifies
components that fall within the scope of the notification mechani sm
and those that are explicitly out of scope, in order to guide future
work and maintain nodul arity.

Qut - of - Scope El enents

The foll owi ng conponents are consi dered outside the scope of the
notification mechanismdefinition. These elenents are assuned to be
supported by existing technol ogi es, protocols, or inplenentation
practi ces:

* Trigger Event Mechanism The process of detecting network events
(such as link failure, persistent congestion, or threshold
viol ations in delay/loss) and deciding when to send a
notification. This function is typically handl ed by existing
telenmetry systens, performance nonitoring tools, or alarm based
t hr eshol d nmechani sns.

* Action Mechanism The |ogic that determ nes and executes the
response after a notification is received (e.g., traffic
rerouting, congestion control, or flow prioritization). As this
i s depl oynent-specific and closely tied to the control or
managenent pl ane behavior, it is outside the scope of this
docunent .

I n- Scope Aspects and Potential Wrk

The foll owi ng aspects are considered within the scope of the Fantel
notification mechani smand may require further specification
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6. 2. 1.

Notificati on Format

The encoding format for notifications nust be conpact, extensible,
and interoperable to ensure efficiency across diverse
i npl ementations. Candi date approaches i ncl ude:

*

6.2. 2.

TLV-Based Notification: A Type-Length-Value structure allow ng
flexi bl e expression of notification content while supporting
forward conpatibility

OPAQUE- Based Notification Structur: Notification encoding
structures may draw i nspiration from nmechanisns defined in [ RFC
5250] or similar OPAQUE nodels used for flexible and structured
signaling. Reuse or adaptation of such formats nay enhance
compatibility and extensibility.

Noti fi cati on Content

Notification nessages mnust provide enough information to convey
rel evant network conditions, which may include:

*

6.2. 3.

Network State Information: Metrics such as interface status, delay
measur enents, packet |oss ratios, queue depth, or congestion

i ndi cators. The applicable granularity rmay depend on whet her the
information is interface-, path-, or flow specific.

Optional Capability Advertisement: Nodes may include information
about their supported notification handling capabilities or
processing constraints to allow the receiver to nake nore inforned
deci si ons.

Notification Propagation and Scope

The delivery scope and propagati on nechani sm of notifications nust
stri ke a bal ance between speed and scal ability:

*

Ceng,

Poi nt-to-Point (P2P): Delivery to a directly connected nei ghbor or
desi gnat ed next - hop

Point-to-Miltipoint (P2MP): Dissemnation to a sel ected set of
nodes, for exanple along a service or forwardi ng path.

Scoped Fl oodi ng or Domai n-wi de Broadcast: Delivery to all nodes in
a defined region or domain. Suitable for critical events, though
special attention nust be paid to control overhead and
dupl i cati on.
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These in-scope aspects formthe foundation for standardizing a
modul ar and interoperable notification mechanismw thin the Fante
framework. By focusing on propagati on procedures and nessage format
whi |l e | everagi ng existing technol ogies for detection and reaction,
the architecture supports fast and reliable awareness of perfornmance-
i mpacting events across the network.

7. Sunmmary

Thi s docunent defines the requirenments for Fast Notification for
Traffic Engineering and Load Bal anci ng (FaNTEL), focusing on the role
of fast notification

It outlines how fast notification can be applied in four key areas:

* Load Bal anci ng: Enabl es rapid dissenination of network state to
assist in balancing traffic across nmultiple paths, inproving
utilization and responsiveness.

* Protection: Facilitates fast awareness of |ink or node failures,
supporting quicker protection switching and reduced traffic |oss.

* Flow Control: Hel ps i nform upstream nodes of downstream congesti on
or performance degradation, enabling tinmely traffic shaping or
rate adjustnent.

* Capability Announcenent: Supports |ightweight and flexible
notification of node or service capabilities (e.g., processing
features or queue nodel s), which may not be efficiently handl ed by
exi sting routing protocols.

The docunent enphasi zes core requirements such as notification
message structure, delivery scope, and interoperability, which could
be defined in followi ng work, while keeping trigger detection and
action logic out of scope.
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