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Abst r act

Thi s docunment specifies rLEDBAT for QU C, a set of nechani sns that
enabl e the execution of a less-than-best-effort congestion control
algorithmfor QUC at the receiver end. This draft explores
adaptation strategies for integrating rLEDBAT with QU C s franmework,
aimng to maintain conmpatibility with QU C
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1. Introduction

QUI C [ RFC9000] is a transport protocol designed to provide fast
connection establishment, multiplexed streans wi thout head-of-Iine
bl ocki ng, and built-in encryption using TLS 1.3. QU C operates over
UDP, allowing it to function efficiently even in environments with
hi gh | atency or packet loss. Wth its user-space inplenentation and
fl exi bl e congestion control nechani sns, QU C has been w dely adopted
for web traffic, including HTTP/ 3.

Recei ver-driven Low Extra Del ay Background Transport
(rLEDBAT)[I-D.irtf-iccrg-rledbat] is a congestion control mechani sm
desi gned for background data transfers in TCP. By |everaging del ay-
based congestion signals, rLEDBAT enables a receiver to control the
sender’s transmi ssion rate to mnimze interference with foreground
traffic. This approach ensures that background transfers utilize
avai | abl e bandwi dt h wi t hout degradi ng the perfornmance of |atency-
sensitive applications. rLEDBAT achieves this by dynamically
adjusting the receiver’s advertised wi ndow, effectively signaling the
sender to sl ow down when network del ays increase. rLEDBAT has been
adopt ed for background traffic, including software updates, backups
and prefetching.

The goal of this docunment is to define how r LEDBAT can be adapted for
QU C Unlike TCP, QU C does not expose the receiver’'s advertised

wi ndow in the sane way, requiring a different approach for

i npl ementing receiver-driven congestion control. This draft explores
possi bl e mechani sns to extend rLEDBAT for QU C . The proposed design

aims to support background data transfers in QU C wi thout introducing
excessive network |atency or disrupting higher-priority traffic.
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Desi gni ng r LEDBAT for QU C

In order to enable a QU C receiver to execute rLEDBAT, we need to
devise the neans for the QU C receiver to feed informati on about the
del ay and packet loss to the LBE congestion control algorithm
executed at the receiver. |In addition, the LBE congestion contro

al gorithm produces a congesti on wi ndow val ue as an output which is to
be used by the QU C receiver to nodulate the rate at which the QU C
sender is transmtting. W need to analyze how all this can be
acconpl i shed

1. RTT Measurenents

A QUIC receiver can neasure the RTT passively or actively. Passive
measurenents of the RTT can be done by sinply neasuring the RTT of
the exchange packets. In the QU C protocol, all packets exchanged
are acknow edged, so sinply matching the packet sent by the receiver
and the ACK frame generated by the sender allows the receiver to
passi vel y neasure the RTT.

There is, however, a potential problem RFC 9002 [ RFC9002]
explicitly states that an inconmng ACK franme should be used to
conpute the RTT if and only if the following two conditions are net:
(i) the largest acknow edged packet nunber is newy acknow edged, and
(ii) at least one of the newy acknow edged packets was ack-
eliciting.

Unfortunately, a common use case for rLEDBAT is the one where the
receiver is downloading a large file fromthe sender, neaning that
the receiver is not sending any data and, as such, is only generating
non-ack-eliciting frames (i.e., it is only generating ACK frames from
the incom ng data). The reason for such a recomendation is that
ACKs for non-ack-eliciting frames can be arbitrarily del ayed, as the
recei ver of such franes is not required to issue the correspondi ng
ACK frame within a certain tine bound (which is the case for ack-
eliciting frames).
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This is simlar to what happens in rLEDBAT for TCP, and the

di scussion presented in Section 3.2.1.1 of the rLEDBAT for TCP draft
hol ds. That is, in the conmon use case for rLEDBAT, the sender is
transmitting a large file, so, in general, it will have data to send,
enabl ing an accurate neasurenent of the RTT nost of the tine.

Sim | ar considerations also apply, nanely, the rLEDBAT receiver
shoul d apply a minimumfilter when estimating the RTT in order to

di scard | arge sanpl es caused by periods in which the sender has no
data to send. Also, in cases where it is the flow control exerted by
the receiver that is preventing the sender from sendi ng nore data,
the sender should discard sanpl es generated while reducing the
sender’ s wi ndow t hrough flow control

1. Reported ACK Del ay

QUIC all ows the sender of an ACK frane to report any additional delay
that the issuer has incurred before returning the ACK. This can be
used to correct the RTT conputation by discounting the reported del ay
in the RTT estimation. Wile this is straightforward for ack-
eliciting frames, it is less so for non-ack-eliciting franes.

The ACK for a non-ack-eliciting franme is included in the next ack-
eliciting packet generated. It is unclear whether the value reported
in the ACK delay field of such an ACK frame includes all the tine
since the packet was received and the ACK was issued. |f so, then
this can help to correct the RTT conputation. |If not, then it is
uncertain what value of ACK delay these franmes include, if any.

This then creates another question: if these franes include an
unusabl e value for the ACK del ay, should the receiver use the ACK
delay value included in the ACK for the ack-eliciting franes? The
problemis that meking corrections for sone of the sanples and not
for others will distort the RTT estimation

2. Active RTT Measurenent

A QUIC receiver can also performactive neasurenents to neasure the
RTT. The QUIC protocol includes PING franes that require the
receiver to respond with an ACK frame. The receiver can periodically
generate PING franes and conpute the RTT using those. The receiver
shoul d then issue several (3?) PING franes every RIT to allow a
robust neasurenment of the RTT, even if one or nore of such PING
frames are | ost.
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The benefit of this approach is that it provides accurate RTT
measurenents, irrespective of the traffic pattern generation of the
sender. The downside is that it requires extra logic to generate
these PING frames and requires extra |ink capacity and processing to
handl e t hem

2.2. Packet Loss Detection

A QUI C r LEDBAT receiver can detect packet |oss through retransm ssion
of data. For that, the receiver inspects the received data franes
and detects a retransm ssion as follows: suppose that X is the

| argest of fset corresponding to data received so far (not necessarily
all data corresponding to a smaller offset was received already), and
Y is the | argest packet nunmber in the application data space for a
packet received so far. A packet wth packet number m and incl uding
a data frane with offset nis a retransmssionif m>Y and n < X

2.3. Controlling the Sender’s Rate
The QUIC receiver can control the sender’s rate using the MAX DATA
frame. The MAX DATA frame carries the anount of data that can be
sent in that connection, across all streans. A QUIC receiver wth
r LEDBAT enabl ed will convey the congestion wi ndow conputed by the
LEDBAT++ al gorithmrunning in the receiver using the MAX_DATA frane.
Simlarly to the case of TCP, a QU C r LEDBAT receiver should refrain
from shrinking the announced value. VWhile it is not an error, it
wi Il not have any effect on the sender. So, again sinmlarly to the
case of TCP, the QUI C r LEDBAT receiver should only reduce the
announced value in the anount of bytes acknow edged.

3. Security Considerations
TBD

4. | ANA Consi derati ons
No actions are required from | ANA
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