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Abstract

Thi s specification defines a franework how to update L4S Dual - Queue
Coupled AQMwith In Situ Operations, Adm nistration, and Mi ntenance
(IOAM. These are designed for consistently very | ow queuing

| at ency, very |ow congestion |oss, and scaling of perflow throughput
by using Explicit Congestion Notification (ECN) using the operational
and telenmetry information collected by |OAM  Since L4S | acks

i nformati on about the use of network status and network nodes, which
al so affect network performance in practice, it is considered to use
direct export node for information collection of L4S-10AMto
strengthen the AQMregul ation of L4S. It then gives the normative
requirenents that are necessary.

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 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 docunents valid for a maxi num of six nonths
and may 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 1 August 2026.
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1. Introduction

The L4S architecture [RFC9330] allows routers to use a different
mar ki ng systemthat can provide early reaction to incipient
congestion [ RFC9332] and defines a reaction for this feedback when
packets are marked with ECN. However, the single-bit ECN feedback in
L4S provides limted visibility into the precise |ocation and
severity of transient congestion across the path. The application of
| CAM t echnol ogy in L4S franmework can effectively solve this problem
In Situ Operations, Admnistration, and Mai ntenance (1 OAM is used
for recording and collecting operational and telenetry information
whil e the packet traverses a path between two points in the network.
The 10AM data fields are further updated in [RFC9326] for direct
export use cases. This document defines how to use the information
collected by the front-end nodes to better update the L4S mechani sm

| OAM can col | ect operational and telemetry information. L4S uses an
Explicit Congestion Notification (ECN) schene at the IP layer with
the sane set of codepoint transitions as the original (or 'Cassic’)
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ECN.

The goal of L4S-10AMis to solve the problemof how to get

i nformati on awareness between the | OAM network and the L4S site. The
basis to achieve this goal is network and conputing. Therefore,

Net work | nfornmati on Awareness (NI A) systemarchitecture is proposed.
As the control plane of the L4S-10OAM framework, N A introduces the
control center conponent on top of the L4S-10OAM franework to realize
the managenent and conprehensi ve anal ysis of network information and
encourage L4S site to take action to consider |ocal network

awar eness.

Thi s specification defines how the data collected by | OAM can be used
to better update the Low Latency, Low Loss, and Scal abl e t hroughput
(L4S). The terns "encapsul ati on" and "decapsul ati on" are used in
this docunment in the same way as [RFC9197]. An | QAM encapsul ati ng
node i ncorporates one or nore | OAM Option-Types into packets that

| OAM i s enabl ed for.

2. Term nol ogy

L4S: Low Latency, Low Loss, and Scal abl e Throughput (L4S) as defined
in [ RFC9330].

L4S Dual - Queue Coupled AQM A framework for coupling the Active Queue
Management (AQW) algorithms in two queues intended for flows with
different responses to congesti on.

IOAM I n situ Qperations, Adm nistration, and M ntenance as defined
in [ RFC9197].

OAM Operations, Admnistration, and M ntenance.

I|OAM Transit Node (IOAMT): An IOAM transit node updates one or nore
of the |OAM Data-Fields. |If both the Pre-allocated and the
Increnental Trace Option-Types are present in the packet, each | OAM
transit node will update at nost one of these Option-Types.

| OAM Encapsul ati ng Node (I OAME): An | QAM encapsul ati ng node

i ncorporates one or nore | OAM Opti on-Types into packets that |OAMis
enabled for. |If IOAMis enabled for a selected subset of the
traffic, the | OAM encapsul ati ng node is responsible for applying the
| OAM functionality to the sel ected subset.

| OAM Decapsul ati ng Node (I OAM DE): An | OAM decapsul ati ng node renoves

any | OAM Opti on- Types from packet sand processes and/or exports the
associ at ed dat a.
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| CAM NCDE ID (T-1D): The conbi nation of | OAM node_i d and | QAM
Nanespace- |1 D shoul d al ways be uni que.

Direct Export: Direct Export is an | OAM node of operation within
which 10OAM data are to be directly exported to a collector rather
than be collected within the data packets. The I OQAM Direct Export
Option-Type consists of a fixed-size "I OAM direct export option
header”. Direct Export for IOAMis defined in [ RFC9326].

3. |1 OAM networ k awar eness in L4S framework

The foll owi ng are system conponents for the L4S-1 OAM

o + o e +
AR + | | L4S |
| Monitoring/ | |======> QUAL-AQM |
| Analytics | | | |
| | CAM C | -+ R - +
Fomm e +

N

| Processed/interpreted/
| aggregated | OAM dat a

I

L +
- + |
| | OAM dat a | |
| processing | |
| systenm(s) |-+
R LT +

| OAM dat a
R AR, +o-m - - R +
I I I I
I I I I
User e e e e e oo - +
packets | |OAME | | TOAMT | | TOAMT | | | OAM DE |
———————— >| Node | ====>| Node | ====>| Node | ====>| Node | -->
I I | A I | B I I I
- + - + - + e oo - +

Figure 1: L4S-1OAM Schemati c

| OAM Control Center (I1OCAMC): Store and manage network information
and conputing information, and nake decisions through a conprehensive
anal ysis of this information. The IOAM C correl ates the exported
telenmetry data (e.g., hop-by-hop delay, queue depth) to dynamically
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4.

adjust the target and threshold parameters of the Coupled AQM at
| OAM capabl e nodes. This feedback | oop enables the control plane to
optim ze L4S performance based on real -time network visibility.

| OAM I ngress Forwarder (IOQAME): A network node with a simlar SFC
Classifier [RFC7665] forwarding function can classify, encapsul ate
(for example, add a packet header with a service path identifier
usi ng the NSH protocol [RFC8300]), and forward incom ng traffic.

| OAM E and | OAM DE have a L4S Network Metric Agent (L-NWA),

responsi ble for collecting network information. In L4S-10OAM L-NVA
reports the collected network information to | OAM C t hrough the | CAM
SBI Interface.

The following are systemarchitecture for the L4S-1 OAM

(3) (2) (4)
_______ N_ - A
(L) | | OAM I
________ L4S | [ _ | Monitor |
| Scal abl e| A\ [\ _|mark | \ | |
:| sender | : / | | | \ /"
. [\ | |7 e ’ n \' | |condit’'nl|
B "\ | P-ECN | Coupl i ng : \ | _Jpriority |_\
________ [/ |dassifier| : /| |scheduler| /
|dassic |/ | T . U e N |
| sender | \ VN mark/ | |
[ I L1/ |drop |/ |
Classic ------- ’ | |\

(1) Scal abl e sendi ng host

(2) Isolation in separate network queues
(3) Packet identification protocol

(4) Monitor in network queues

Figure 2: L4S-10OAM architecture
Information Details

| OAM for L4S is used to enhance di agnostics of L4S networks. It
conpl enent s ot her nmechani sns desi gned to enhance di agnostics of L4S
networ ks, such as the "The Explicit Congestion Notification (ECN)
Protocol " described in [ RFC9331].

Fi gure 3 shows awareness information content exanples for network
aware which is used to provide L4S services.
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. dom e mmemeeeemeaeeaaas +
| Awar eness | Network |
| information | information |
S o e e e e o o - +
| OAM F | ocati on;
| OAM F type;
Capability | OAM F | D

par anet er s Topol ogy i nfornation.

| | Service request |
| Status | information; |
| paranmeters | Traffic features; |
| | Cormmuni cati on |
| | information. |

Figure 3: L4S-10OAM Information Details

"IOAM tracing data" is expected to be collected at every |OAM transit
node that a packet traverses to ensure visibility into the entire
path that a packet takes within an | OAM Domain. In other words, in a
typical deploynent, all nodes in an | OAM Domai n woul d participate in

| OAM and, thus, be IOAMtransit nodes, | OAM encapsul ati ng nodes, or

| OAM decapsul ating nodes. |f not all nodes within a domain are | OAM
capable, 1OAMtracing information (i.e., node data, see below) will
only be collected on those nodes that are | OAM capabl e.

ICAM tracing can, for exanple, collect the follow ng types of
i nfornation:

* |dentification of the | OAM node. An | OAM node identifier can
match to a device identifier or a particular control point or
subsystem wi t hin a devi ce.

* |dentification of the interface that a packet was received on,
i.e., ingress interface.

* ldentification of the interface that a packet was sent out on,
i.e., egress interface.
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* Time of day when the packet was processed by the node as well as
the transit delay. Different definitions of processing tine are
feasi bl e and expected, though it is inportant that all devices of
an | OAM Donmain fol |l ow t he same definition.

* Generic data, which is format-free information, where the syntax
and senmantics of the information are defined by the operator in a
specific deployment. For a specific | OAM Namespace, all | QAM
nodes should interpret the generic data the sane way. Exanples
for generic | OAM data include geol ocation information (location of
the node at the tinme the packet was processed), buffer queue fill
| evel or cache fill level at the time the packet was processed, or
even a battery charge |evel.

* Information to detect whether 1OAMtrace data was added at every
hop or whether certain hops in the domain weren't 1OAMtransit
nodes.

* Data that relates to how the packet traversed a node (transit
del ay, buffer occupancy in case the packet was buffered, and queue
depth in case the packet was queued).

Export of Export of Export of Export of
| OAM dat a | OAM dat a | OAM dat a | OAM dat a
N N N N
I I I I
| | | |
User S S S I +
packets | IOAME | | TOAM T | | TOAM T | | | OAM DE |
________ >| Node | ::::>| Node | ::::>| Node | ::::>| Node | -->
I I | A I | B I I I
Fomm e - o - + Fomm e - o - + Fomm e - o - + B +

Figure 4: L4S-10AM Direct Export Mode

Consi der using Direct Export node for L4S-1OAM information gathering.
OAM i nformati on about each | OAM node a packet traverses is collected
and i medi ately exported to a collector. Direct Export could be used
in situations where per-hop tracing information is desired, but
gathering the information within the packet -- as with per-hop
tracing -- is not feasible. Rather than autonmatically correlating
the per-hop tracing information, as done with per-hop tracing, Drect
Export requires a collector to correlate the informati on fromthe

i ndi vidual nodes. |In addition, all nodes enabled for Direct Export
need to be capable of exporting the IQAMinformation to the
col | ector.

Quan, et al. Expires 1 August 2026 [ Page 7]



I nternet-Draft | OAM net wor k awar eness for L4S January 2026

Those content would allow L4S flows to achieve |low | atency, |ow | oss
and scal abl e t hroughput, but would sacrifice the nore precise flow
bal ance of fered by.

5. UseCases

This section gives an exanpl e how the application of | QAM technol ogy
in L4S framework can effectively solve the problemthat the forward
node in the network is still congested before the L4S node, so the
demand of L4S can also be net in L4S-10AM and it is conducive to
reduci ng the overall delay of the network.

The foll owi ng use cases for L4S are being considered by various
interested parties:

* where the bottleneck is one of various types of access network,
e.g., DSL, Passive Optical Networks (PONs), DOCSIS cable, nobile,
satellite; or where it’s a W-Fi link

* private networks of heterogeneous data centres, where there is no
singl e adm nistrator that can arrange for all the sinultaneous
changes to senders, receivers, and networks needed to depl oy
DCTCP

- a set of private data centres interconnected over a w de area
with separate adm nistrations but within the sane conpany

- a set of data centres operated by separate conpanies
i nterconnected by a community of interest network (e.g., for
the finance sector)

- multi-tenant (cloud) data centres where tenants choose their
operating systemstack (Infrastructure as a Service (laaS))

* different types of transport (or application) congestion control
- elastic (TCP/ SCTP);
- real-time (RTP, RMCAT); and
- query-response ( DNS/ LDAP)

* where |l ow delay QoS is required but wi thout inspecting or
i nterveni ng above the IP | ayer

- Mbbile and other networks have tended to inspect higher |ayers

in order to guess application QS requirenents. However, with
growi ng demand for support of privacy and encryption, L4S
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offers an alternative. There is no need to select which
traffic to favour for queuing when L4S can give favourable
queuing to all traffic.

If queuing delay is minimzed, applications with a fixed del ay
budget can communi cate over |onger distances or via nore
circuitous paths, e.g., longer chains of service functions

[ RFC7665] or of onion routers.

If delay jitter is mnimzed, it is possible to reduce the
dejitter buffers on the receiving end of video streamning, which
shoul d i nprove the interactive experience.
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