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Abst r act

Low Latency, Low Loss, and Scal abl e Throughput (L4S)[ RFC9330] is a
technol ogy designed to mitigate queueing del ays whil e maintaining
hi gh t hroughput for IP traffic. |In real-time comunication (RTC)
applications over 5G networks, rapidly fluctuating wireless |ink
conditions inpose strict requirenents on congestion contro

al gorithms, which nust sinultaneously ensure |ow | atency and hi gh
bandwi dth utilization. This docunment proposes a packet marking
policy for L4S in 5G networks, where intermedi ate base station
devices compute a link | oad factor and use it as a probabilistic
signal to mark packets in L4S fl ows.

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 4 May 2026.
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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 Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these documents 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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1. Introduction

Low |l atency real -time communi cati on (RTC) applications, such as
interactive video, cloud gamng, and AR'VR require efficient
congestion control nechanisns that can react quickly to changes in
network conditions. Accurate and tinely congestion signals from
intermedi ate network el enments are essential to prevent buffer buil d-
up and to maintain both | ow | atency and hi gh throughput.

The Low Latency, Low Loss, and Scal abl e Throughput (L4S) architecture
RFC9330 [ RFC9331] provides a framework for reduci ng queui ng del ays by
using Explicit Congestion Notification (ECN) as an end-to-end
congestion signal. However, existing L4S marki ng approaches are
primarily based on queui ng del ay neasurenents and do not fully
capture the dynam cs of wirel ess access networks. In particular, 5G
access networks introduce rapid fluctuations in |link capacity, where
queui ng delay alone is not a sufficient indicator of congestion. As
a result, conventional L4S marking nethods nay provide del ayed or

i mpreci se feedback, limting their effectiveness for RTC
appl i cations.
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3.

Thi s docunent proposes a packet marking strategy for L4S tailored to
5G environnents. In this design, base stations conpute a link |oad
factor and use it as a probabilistic signal to mark packets in L4S
flows. The link |load information is encoded into packets at the 5G
base station and conveyed to the sender via ACK-based feedback. On
the sender side, a dynamc send rate adaptation algorithm adjusts the
transm ssion rate based on the reported link | oad factor, preventing
net wor k congesti on whil e bal anci ng t hroughput and | atency.

Ter mi nol ogy
RTC. real-tine comrunication

L4S: Low Latency, Low Loss, and Scal abl e Throughput (L4S) as defined
in [ RFCO330] and [ RFC9331].

ECN. Explicit Congestion Notification, defined in [ RFC3168],
[ RFC9330], and [ RFC9331], used to signal congestion w thout dropping
packets.

gNB: Next-generation Node B, the 5G base station

MAC. Medi um Access Control layer in the 5G protocol stack
responsi ble for multiplexing and scheduling data fl ows.

RLC. Radio Link Control layer in the 5G protocol stack, responsible
for segnentation, retransm ssion, and queue nmanagenent.

PDCP: Packet Data Convergence Protocol |ayer in the 5G protoco

stack, which handl es header conpression, security, and delivery of IP
packets. In this docunent, the PDCP | ayer is considered for applying
ECN mar ki ngs, as | P headers remain visible before encryption

ACK: Acknow edgrment nessage, used in feedback to the sender to convey
delivery status and congestion information.

The keywords "MJUST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119] and

[ RFC8174] .

A New L4S Marki ng Process
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3.1. Deploynent Challenges in 5G

Low Lat ency, Low Loss, and Scal abl e Throughput (L4S) is a congestion
control framework designed to reduce queui ng delay in general -purpose
I P networks. It uses Explicit Congestion Notification (ECN) bits in
the I P header to provide end-to-end congestion signaling, enabling
applications to adjust their sending rates dynamcally without

i ncurring excessive delay or packet | oss.

L4S Feedback
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Depl oying L4S within the 5G protocol stack introduces specific
challenges. |In a typical 5G setup, L4S nmay be realized by

mai ntai ni ng queuing at the RLC | ayer and appl yi ng ECN narki ngs at the
PDCP | ayer, with flow identification based on ECN bits in conpliance
with existing standards. Although the L4S specification does not
prescri be a packet marking policy, nost current inplenmentations rely
on queui ng del ay neasurenents to probabilistically mark packets. In
5G networks, the air interface and wired backhaul nismatch often
makes the RLC | ayer a congestion bottleneck. Ideally, marking should
occur at the RLC layer to reflect actual buffer conditions. However,
since RLC data is encrypted, nodifying ECN bits at that |ayer is
infeasible. A practical alternative is to apply marking at the PDCP
| ayer, where the IP header is still accessible before encryption.

3.2. Link Load Factor Marking Strategy
To address the above limtations, this docunent specifies a
probabilistic marking strategy based on a periodically conputed _Iink
| oad factor_ (P_Mark):

P_Mark = (T_Size + R Length) / (Bandwidth x T_Interval)
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The paranmeter P_Mark represents the ratio between the traffic offered
to the wireless link and the |ink capacity avail abl e over a given
interval. It indicates how heavily the link is |oaded relative to
its service capability.

Wher e:

* T Interval: The neasurenent interval.

* T _Size: The amobunt of new traffic arriving during T Interval.

* R Length: RLC real-tinme queue length before T Interval

* Bandw dt h: The average wirel ess bandwi dth all ocated by the base
station to the current user within the T_Interval

If P Mark > 1, all packets are marked; if 0 < P_Mark < 1, packets are
marked with probability P_Mark. The marking is perforned at the PDCP
| ayer, and the L4S marking information is then fed back to the sender
through ACK, allow ng the sender to inplenment the correspondi ng
adaptive rate control.
This strategy provides a practical and conpatible path for depl oying
L4S in 5G systens without altering the core structure of existing
base stations.

4. |1 ANA Consi derations
This nmeno i ncludes no request to | ANA

5. Security Considerations
For further study.
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