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Abstract

In real-tinme communi cation (RTC) applications, low latency is
essential, but unstable network conditions make it chall engi ng.
Traditional control loop reacts slowy and inaccurately to network
changes. A new approach is proposed, conmmuni cating bandw dth and
queue information fromthe bottleneck to the end-host for nore
accurate control.
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1. Introduction

In real -tinme communi cation (RTC) transm ssion scenarios, |ow |atency
is one of the key requirenents, especially in real-tinme interactive
applications such as video conferencing, live stream ng, and cl oud
gam ng. For these applications, any significant delay can severely
i mpact the user’s quality of experience. However, the network

envi ronment especially in nobile networks is often changi ng
dynami cal ly, and factors such as bandw dth fluctuations, and del ay
jitters can affect transm ssion performance. Therefore, addressing
these network fluctuations to ensure RTC with low latency is a
significant technical challenge

Traditional RTC transm ssion protocols typically rely on end-to-end
networ k condition detection nethods, such as ACKs or NACKs that

adj ust sending rates based on packet |oss and | atency changes. The
Cubi c, Reno and BBR are typical congestion control algorithns (CCAs)
that adjusts transm ssion rates by estimting network congestion
However, end-to-end feedback nechani sns |ike them have severa
limtations:

* High feedback | atency: Traditional end-to-end feedback nechanisns
rely on detecting and adjusting to network conditions. For
exanpl e, CCAs only react after detecting congestion or |atency
changes. This mechani sm cannot predi ct sudden changes in network
conditions, leading to del ayed adjustnents and reduced
transm ssion efficiency.
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* Insufficient feedback accuracy: Feedback nmechani sns based on
packet |oss or |atency neasurenents only provide rough estinmates
of network conditions. Due to varying network environments’
sensitivity to packet loss and latency, relying solely on these
i ndi cators nmakes precise adaptation difficult, often resulting in
i naccur at e adj ust nent.

To overcone these limtations, Explicit Network Feedback mechani sms
Ii ke ECN have been proposed. Unlike inplicit end-to-end feedback,
explicit network feedback obtains real-time status information from
net wor k devi ces (such as routers and swi tches), providing faster and
nmore accurate feedback on network conditions. However, the limted
number of bits in ECN feedback results in | ow precision, making it
difficult to nmeet the feedback accuracy requirements of RTC
applications. Therefore, this docunent proposes an explicit network
f eedback mechani sm using bandw dth and queue information to assi st
the end-host in fine-grained control and reduce RTC | atency.
Detailed solution is out of scope of this docunent.

1.1. Term nol ogy
RTC. real-tine comuni cation

1.2. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "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

2. Network Assisted Real -Tine Conmuni cation Optim zation
The process is shown in the diagram bel ow. the end-to-end RTC stream
is sent fromthe server to the client. The bottleneck node provides
real -tine feedback of streamlevel Capacity and Queue Length to the
sender, assisting the sender in rate control

Feedback Loop
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Feedback Mechani sm The bottl eneck node sends network status

i nformation, including current network capacity and queue length, to
the sender at fixed intervals (e.g., every 100nms). The feedback is
transmtted using a |lightweight way (such as emmbedding in | P header)
to ensure | ow overhead and high tineliness.

Rate Control Strategy: The sender adjusts the transmi ssion rate based
on the network capacity feedback fromthe bottl eneck node. |If
capacity is sufficient, the sender increases the transm ssion rate;

if capacity is limted or the queue | ength increases, the sender
reduces the rate to avoid network congestion. Additionally, the
bottl eneck node can prioritize scheduling key video franmes to ensure
smoot h pl ayback.

Wth explicit feedback fromthe bottl eneck node, the sender can
respond to network changes nore qui ckly, reducing transm ssion del ays
caused by congestion. Conpared to traditional end-to-end inplicit
feedback, explicit feedback is nmore accurate and better ensures the
continuity and quality of the video stream

3. Requirenent of the feedback signa

To ensure that signaling is transmtted al ongside the data flow, this
schene enpl oys in-band signaling, where feedback is enbedded in the
headers of returning ACK packets.

The feedback contents incl udes:

* Network Capacity: The bottl eneck node nonitors the currently
avai |l abl e network bandwi dth in real-tine and feeds back the
avai | abl e bandwi dt h capacity to the sender. The sender adjusts
the RTC rate control (including sending rate and encodi ng bitrate)
based on this information to maxi m ze bandwi dth utilization while
avoi di ng network congesti on.

* Queue Length: The bottleneck node also nonitors the length of its
i nternal buffer queue. When the queue | ength increases, it
i ndi cates growi ng transni ssion del ays and potential congestion
Based on this information, the sender can tinely reduce the
transmission rate to prevent packet |oss.
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4. Feedback frequency

A feedback interval of one RIT is a conventional baseline that aligns
with the network control |oop. However, the optimal frequency
remai ns open, trading responsiveness agai nst overhead. A fixed rate
cannot be universally optinmal across diverse conditions—volatile
wireless links versus stable data centers—and workl oads—real -tine
versus bulk transfers. This gap points to adaptive feedback
mechani sms as a key direction for future work.

5. Security Considerations
Thi s docunent does not introduce any new security considerations.
6. Normative References
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