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Abst ract

Thi s docunent anal yses the gaps of the existing transport |ayer
technol ogi es and provi des techni cal considerations for Transport
Layer Protocols Optimization for Satellite Networks (T4SAT).
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This Internet-Draft is submtted in full conformance with the
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Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups nmay 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 docunments valid for a maxi mum of six nonths
and nay 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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I nt roducti on

It denmands hi gh-bandwi dth and hi gh-throughput data transm ssion in
LEO (Low Earth Orbit) satellite networks as described in
[1-D.yang-tsvwg-l eo-transport-req]. The performance of transport
protocols will be inpacted by the unique characteristics such as
net wor ks- hi ghly dynam c topol ogi es, |ong and vari abl e propagati on
del ays and time-varying channel errors. The optim zation of
transport |ayer technologies in LEO satellite networks shoul d
consi der:

*t he congestion control algorithns should be optim zed to adapt the
i ncreasing bursty packet |oss and significant delay variability.

*t he congestion control shoul d decouple channel errors from
congestion signals while adapting to rapid topol ogy changes.

*t he ACK mechani sm shoul d adapt the transport |layer to reduce
spurious retransm ssions.

Thi s docunent anal yses the gaps of the existing transport |ayer
technol ogi es and provi des technical considerations for Transport
Layer Protocols Optim zation for Satellite Networks (T4SAT).

Definition of Terns

Thi s docunent uses the terns defined in
[1-D. yang-tsvwg-| eo-transport-req]:

Techni cal Considerations for T4SAT
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3.1. Optimzation of Congestion Control Algorithns

As per [I-D.yang-tsvwg-leo-transport-req], frequent handovers and
connection switching will increase packet loss ratio (e.g. over 60%
The congestion control algorithns should be selected and optinized to
tolerate the high packet loss ratio and predict bandwidth to contro
the congestion before the queues overfl ow

Bott| eneck Bandw dth and Round-trip propagation time (BBR) is a
congesti on-based congestion control algorithmfor TCP, which actively
measur es bottl eneck bandwi dth (Btl Bw) and round-trip propagation tine
(RTprop) based on the nodel to cal culate the bandw dth del ay product
(BDP) and then to adjust the transmi ssion rate to maxi m ze throughput
and nminimze latency. |In LEO satellite networks, the dynamc

topol ogy could add significant delay variability beyond the inherent
propagation latency and it al so consunes val uabl e satellite capacity.
The congestion control algorithns should be optim zed to adapt

seam essly to latency variations and RTT fluctuati on based on precise
RTT nmeasurenents.

3.2. Enhancenent of Congestion Notification

As per [I-D.yang-tsvwg-leo-transport-req], random packet |oss wll
lead to the failure of congestion control mechani sms. For exanple,
when receiving a congestion notification with packet |oss, the |oss-
based congestion control al gorithns, such as Congesti on-based Upon
Bandwi dt h-Information (CUBIC), will reduce the congestion w ndow and
the throughput will dramatically decrease

In LEO satellite networks, the packet loss will be divided into
channel -error | oss and congestion-based | oss. The tine-varying
channel -error loss will occur when packets are corrupted or dropped
due to physical layer inmpairments in the conmunication channel. It
needs to retransnmit the | ost packets w thout reduci ng congestion

wi ndow. The congestion notification should distinguish channel-error
| oss and congestion-based | oss. Explicit Congestion Notification
(ECN) can be used to achieve an end-to-end congestion notification
and the type of packet |oss could be encoding in the ECN marki ngs.

3.3. Adaptations of Transport Protocols

As per [I-D. yang-tsvwg-leo-transport-req], |long and variabl e
propagati on delay is one of unique characteristics in LEO satellite
networ ks. The propagation del ays (e.g.20-150nms RTT) are higher
exceeding the terrestrial networks. The Retransm ssion Tineout (RTO
mechanismw || frequently m sinterpret propagation delay as
congestion. The acknow edgnents (ACKs) are not arriving on tineg,

| eadi ng to unnecessary congesti on wi ndow reducti on and packet
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retransm ssions. Moyreover, asymmetric uplink and downlink capacities
cause ACK congestion and buffer overflows. The ACK mechanismin LEO
satellite networks shoul d adapt the transport layer to give ACKs

hi gher priority during handovers and guarantee ACK delivery even
during orbital transitions, reducing spurious retransm ssions caused
by orbital notion.

4. Security Considerations
To be discussed in future versions of this document.
5. | ANA Consi derati ons
Currently this document does not nake an | ANA requests.
6. Informative References
[1-D.yang-tsvwg-| eo-transport-req]
Yang, F. and T. Tsou, "Transport Layer Protocol
Requi rement for LEO satellite", Wrk in Progress,
Internet-Draft, draft-yang-tsvwg-leo-transport-req-00, 16
March 2025, <https://datatracker.ietf.org/doc/htm/draft-
yang-t svwg- | eo-transport-req- 00>.
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