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Abst r act

It has been broadly denonstrated that user experience inprovenents
for time-critical applications have not increased at the sanme pace as
networ k throughput (i.e., the increased bandw dth does not result in
a correspondi ng increase in the user experience). Optim zing network
| at ency rather than throughput can lead to a significantly inproved
user experience for tine-critical applications. Low Latency, Low
Loss, and Scal abl e Throughput (L4S) technol ogy, introduced in RFC
9330, uses Explicit Congestion Notification (ECN) bits by marking
packets suffering potential congestion in the network. L4S operates
as a congestion-control mechanism using markers within the data
packets to detect and pronptly respond to congestion conditions.

Thi s feedback | oop enabl es devices (e.g., endpoints such as client
devi ces and server devices) to adjust data flowin real-tineg,
preventing bottl enecks and ensuring snoother transm ssion

RFC 5129 descri bes a nechani smfor supporting ECN in the

Mul tiprotocol Label Switching (MPLS) data plane. That nechanismis
based on the codepoints that take part in the Traffic Cass (TC
field and, thus, prevent the use of TC field for traffic
differentiation. This document defines how ECN can be supported in
the MPLS data pl ane using the MPLS Network Actions technol ogy.

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 docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents 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 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."
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This Internet-Draft will expire on 28 Decenber 2025.
Copyright 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 Documents (https://trustee.ietf.org/

license-info) in effect on the date of publication of this docunent.

Pl ease revi ew these docunments carefully, as they describe your rights

and restrictions with respect to this docunent. Code Conponents

extracted fromthis docunent nust include Revised BSD License text as

described in Section 4.e of the Trust Legal Provisions and are
provi ded wi thout warranty as described in the Revised BSD License.
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1. I nt roduction

Net wor k t hroughput (also referred to as bandw dth) has increased
exponentially over the | ast several decades, enabling a variety of
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new features for end users, including video streamning, online gam ng,

and nixed reality inplementations, as well as nore advanced
applications such as rempte tel eoperation and aut ononmpbus servi ces.
The focus on network throughput, however, underestimates the fact
that users are primarily interested in application responsiveness
rat her than the nunber of bits they can transfer per second. As a

result, user experience inprovenents for tine-critical applications
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have not necessarily increased at the same pace as network throughput
(i.e., the increased bandw dth does not result in a corresponding
increase in the user experience). Optimzing network |atency rather
than throughput can lead to a significantly inproved user experience
for tinme-critical applications.

Low Latency, Low Loss, and Scal abl e Throughput (L4S) technol ogy,

i ntroduced in [ RFC9330], uses Explicit Congestion Notification (ECN)
([RFC3168]) bits in IP or TCP by marking packets suffering potentia
congestion in the network ([ RFC9331]). L4S operates as a congestion-
control mechanism using ECN markers within the data packets to
detect and pronptly respond to congestion conditions. This feedback
| oop enabl es devices (e.g., endpoints such as client devices and
server devices) to adjust data flowin real-tine, preventing

bottl| enecks and ensuring snoot her transm ssion.

[ RFC5129] describes a nechani smfor supporting ECN in the

Mul tiprotocol Label Switching (MPLS) data plane. That nechanismis
based on the codepoints that take part in the Traffic Cass (TC
field [ RFC3032] and, thus, prevent the use of the TC field for
traffic differentiation. This docunent defines how ECN can be
supported in the MPLS data pl ane using the MPLS Network Actions
technology ([I-D.ietf-nmpls-ma-fwk]) while preserving the existing
MPLS traffic class capability.

Conventions Used in this Docunent
1. Acronyns

ECN: Explicit Congestion Notification

I SD: In-Stack Data

L4S: Low Latency, Low Loss, and Scal abl e Throughput

LER: Label Edge Router

LSR: Label Switching Router

MPLS: Ml tiprotocol Label Switching

IMNA: MPLS Network Action

NAS: Network Action Sub-stack

PSD: Post - St ack Data

TC. Traffic d ass
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2.2. Requirenments Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here.

3. Realization of Explicit Congestion Notification as an MPLS Network
Action

MNA, according to [I-D.ietf-npls-ma-fwk], can support ECN by an MNA
Sub-stack using either In-Stack Data (I SD) or Post-Stack Data (PSD)
for ancillary data.

3.1. ECN Encapsul ation Using In-Stack MPLS Network Actions
Figure 1 displays the encoding of ECN using |SD MNA.

0 1 2 3
01234567890123456789012345678901
R e T S el i S R S e i i ST S R e -+
I
+-

-+ +-+- -+
Opcode ECN | Dat al | ECN| S| U Data2 | NAL |
e T T e i i T S R S S S S S i et oI e I S

+
Figure 1: Format of the ECN MNA Using | SD MNA
Where fields are defined as fol |l ows:

* Opcode ECN is seven-bit field. I1ANAis requested to assign (TBAl)
val ue Section 5.1.

* Datal is 14-bit field. It MJST be zeroed on transm ssi on and
i gnored on reception and processing of the Opcode ECN.

* ECNis two-bit field.
* Sis the Bottomof Stack one-bit flag, as defined in [ RFC3032]

* Uis a one-bit Unknown Network Action Handling field as defined in
[1-D.ietf-npls-ma-hdr].

* Data2 is four-bit field. It MJIST be zeroed on transm ssion and
i gnored on reception and processing of the Opcode ECN.

* NAL is three-bit Network Action Length as defined in
[1-D.ietf-npls-ma-hdr].
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3.2. ECN Encoding Using Post-Stack MPLS Network Actions

Figure 2 displays the encodi ng of ECN using PSD MNA

0 1 2 3
01234567890123456789012345678901
i S T S S e e e T A I S s Sl i e o
| ECN PS- MNA- OP| R R PS- NAL | ECN| Post - St ack Dat a |
i S S T i S S e e i S DU DU S S

Figure 2: Format of the ECN MNA Using PSD MNA
Where the encl osed el enents are defined as foll ows:

* ECN PS-MNA-OP is seven-hbit field. 1ANA is requested to assign
(TBA2) val ue (Section 5.2).

* R - two Reserved bits as defined in [I-D.ietf-npls-ma-ps-hdr].

* PS-NAL is seven-bit field as defined in
[I-D.ietf-npls-ma-ps-hdr].

* ECNis two-bit field.

* Post-Stack Data is 14-bit field. 1t MJIST be zeroed on
transm ssion and i gnored on reception and processing of the ECN
PS- MNA- OP

4. Theory of Operation

If an ingress Label Edge Router (LER) that supports this
specification is enabled to use ECN MNA recei ves a packet with the

i ndication that the endpoints of the transport protocol are ECN
capabl e or packet has experienced congestion, it MJST copy the val ue
of the ECN field in the received |IP packet into the ECN field of the
ECN WMNA using | SD MNA (Figure 1) or of the ECN MNA using PSD MNA
(Figure 2). If atransit Label Switching Router (LSR) that supports
this specification receives an MPLS packet with MNA ECN and

determ nes that the egress interface for the recei ved packet
experiences congestion although its buffer is not full so that the
packet can be transmitted (see for the detailed explanation of the

i nci pi ent congestion [RFC3168]), the LSR MJST set the ECN field to
the Congestion Experienced (0bll) value. |If an egress LER that
supports this specification, receives an MPLS packet with ECN MNA, it
MUST conbi ne the value of the ECN field with the value in the ECN
field of the | P header of the encapsul ated packet.
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In sone scenarios, the Readabl e Label Depth of the constructed path
through the MPLS domain may require the placenent of nore than one
ECN MNA Network Action Sub-stacks (NASes). |If that is the case, then
the Label Switching Router that exposes the NAS with ECN MNA MJST
copy the value of the ECN field in that NAS into the ECN field in the
next NAS that includes ECN MNA.

5. | ANA Consi derations

5.1. ECN as an MPLS Network Action Opcode
I ANA is requested to assign an ECN codepoint (TBAl) fromits Network

Action Opcodes registry (creation requested in
[I-D.ietf-npls-ma-hdr]) as specified in Table 1.

Table 1. ECN as MPLS Network Action Opcode
5.2. ECN as an Post-Stack Network Action Opcode
I ANA is requested to assign an ECN codepoint (TBAl) fromits Post-

Stack Network Action Opcodes registry (creation requested in
[I-D.ietf-npls-ma-ps-hdr]) as specified in Table 2.

Table 2: ECN as MPLS Network Action Opcode
6. Security Considerations

Security considerations discussed in [RFC9197], [RFC9326], and
[I-Dietf-npls-ma-fwk] apply to this docunent.

7. Acknow edgnents
TBA

8. References
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