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Abstract

Thi s docunent introduces the use cases for the perfornmance of

exi sting transport protocols in LEO and MEO satellite networks. The
use cases identify and denonstrate the current chall enges faced by
transport layer protocols in these environnents.

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 documents 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."
This Internet-Draft will expire on 7 January 2026

Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Yue, et al. Expires 7 January 2026 [ Page 1]



I nternet-Draft The Use Cases for LEO and MEO July 2025

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 docunents 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.

Tabl e of Contents

1. I nt roducti on . .
2. Conventions and EEfInItIOﬂS .
3 Use Cases . . .
3.1. Video Streanlng SerV|ce over LEO
3.2. 3GPP UE- SAT- UE Communi cation for 5G VN G?oup SerV|ce
3.3. LEO Satellite Networks vs. Cellular Network . .o
4. Security Considerations
5. | ANA Consi derations
6. Ref er ences
6.1. Informative References
6.2. Normative References
Aut hors’ Addr esses
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1. Introduction

Wth the rapid advancenent of Low Earth Orbit (LEO and Medium Earth
Obit (MEO satellite networks, these systens have becone
increasingly inportant for providing global connectivity, especially
in remote and underserved areas. However, conpared to traditiona
terrestrial networks, LEO and MEO satellite networks face significant
chal  enges due to their unique characteristics, such as frequent
handovers, highly variable |atencies, and periodi c connection drops.
These extrene network dynam cs pose substantial difficulties for

exi sting transport |ayer protocols, which are primarily designed for
nmore stable and predictabl e network environnents.

Exi sting transport protocols, such as TCP, fail to performoptimally
in LEO and MEO satellite networks. For exanple, TCP' s congestion
control mechani sms, which rely on packet loss as a primary signal for
congestion, can misinterpret the packet |oss by handovers in
satellite networks as a sign of network congestion, leading to
unnecessary throughput reductions. Transport |ayer protoco
requirenent for LEO satellite was introduced at

[1-D. yang-tsvwg-| eo-transport-req]
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3.

3.

Thi s docunent introduces the use cases for the perfornmance of

exi sting transport protocols in LEO and MEO satellite networks. The
use cases identify and denonstrate the current chall enges faced by
transport |ayer protocols in these environnents.

Conventions and Definitions

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] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

Use Cases
1. Video Stream ng Service over LEO

Netflix, as a mmjor video stream ng service, analyzed data over one
mllion Starlink users across 85 countries over two years in
[1zhi kevi ch2024] . Starlink dom nates the LEO satellite network

mar ket as the service provider with near 6,000 satellites and over
2.6 mllion users. The analysis reveals that while Starlink’ s
overall video quality natches traditional terrestrial networks,

i nherent LEO network variability, including throughput fluctuations
and packet |oss, causes a 60%rise in bitrate switches and a 200%
increase in rebuffering events.

Furthernore, the study highlights that Starlink exhibits | ower

t hroughput and hi gher variance conpared to non-LEO terrestria
networks. For instance, Starlink’s throughput is typically about 50%
of that offered by top 10 I SPs and falls below 20 Md/s. Over 90% of
bitrate switches occur at throughputs bel ow 20 My/s. Additionally,
Starlink’s throughput recovery is slower: while non-LEO networks
recover to above 10 Mo/s in about 5 seconds, Starlink takes

approxi mately 15 seconds. This delay coincides with Starlink’ s static
route reconfiguration intervals between satellites and ground
stations.

To investigate the causes of |ow throughput, Netflix depl oyed A/'B
tests on over 1 mllion users. The study identified that Starlink’s
hi gh packet round trip tinmes (RTTs) and increased retransmt rates
contribute to | ow TCP congestion wi ndows, resulting in | ower
throughput. Nearly two times |onger RTTs, double the retransnit

rate, and smaller congestion w ndows compared to other networks were
observed to confirmthat. The higher latency is attributed by |onger
routing paths. The increase in Starlink retransmits is likely

i nfluenced by random | oss on satellite links; the use of Active Queue
Managenent on the Starlink WFi router which mnimzes |atency at the
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expense of packet |oss; and potential packet reordering which may

|l ead to duplicate acknow edgnents and spurious retransnits.

Increases in RTTs and retransmt rates can cause | oss-based
congestion controllers to take a long tine to grow the TCP congesti on
wi ndow. In addition, |oss-based congestion controllers assune that
any packet loss is due to congestion in the network, and therefore,
back of f when seeing indications of packet |oss. Congestion w ndows
for Netflix sessions over Starlink paths being | ower than over other
networks. Wth | ower congestion wi ndows, Starlink sessions are nore
likely to underutilize the true available bandwidth for a single TCP
connection, and therefore experience | ower throughput.

To achi eve hi gher throughput, Netflix approxi mated the use of

mul tiple connections with Mul TCP and created a nodified version of
New Reno: it grows the congestion wi ndow by three bytes for every
acknow edged byte, and when it detects packet loss, it reduces the
congestion window as if only one of the three ermulated fl ows had seen
a |l oss event. However, a 30% 40% t hr oughput increase cane at the
cost of increased retransnit rates by 300% and | atency by 77%
Further solution is needed to better handl e the dynam c
characteristics of LEO networks and i nprove transm ssion performance.

3.2. 3GPP UE- SAT- UE Communi cation for 5G VN G oup Service

3GPP is a Standard Devel opment Organi zation or SDO t hat devel ops and
mai ntai ns technical spec. for nobile networks. It is currently
working on the final 5G A spec. and simultaneously exploring various
ki nds of dommins for the com ng 6G evol ution

3GPP has, in different releases, (near-) conpleted a few satellite-
related working lis, including Satellite-access, Satellite-backhaul
Satellite regenerative forwardi ng node, etc [TS.23.501]. As of now,
for satellite operators who are operating 5G network with satellite
access globally, the 3GPP plenary has concl uded the requirenments of
supporting UE-satellite-UE comuni cation for 5G VN group service

[ _GPP. SP-250400] . The 3GPP UE- Sat - UE service indicates the
communi cati on, between UEs under the coverage of one or nore NGSO
satellites, uses satellite access without the inter-UE traffic
transiting thru the ground segment.

As per the 3GPP [TS. 23.501] , the 5G VN Group comruni cati on service
is conprised of two traffic forwarding types, i.e.,

* |ocal-switch type: for which the UL/DL traffic is locally
forwarded by a single (on-board satellite) UPF (functioning like a
router) if this UPF is the ‘anchor’ for all the participating UEs
of the sane 5G VN group;
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* inter-UPF type: for which the UL/DL traffic for the 5G VN group
communi cation is forwarded between/anong ‘anchors’ of different
participating UEs.

Here, both the local-switch and the inter-UPF forwarding types
involve the inpacts & inplications as introduced by inter-satellite
links or ISLs. Note that, while the 3GPP sinplifies the satellite
networ k architecture by assum ng the existence of 1SL(s) have no or
insignificant inpacts on the 5G VN group service, we |ETF nust

consi der various types of inplications associated with the dynamc
satellite constellation netwrks, e.g.,

* High latency: thanks to potential |ong-distance satellite paths.

* high loss: harsh environnent in outer space inpairing the
transmi ssion quality, e.g., radiation, solar storm etc.

* Path instability: thanks to extrenely dynanic topol ogy of
satellite network, leading to frequent |SLs break-up &
reconnection between satellites, satellite handover, etc.

* Path switchover & multi-path inpacts: related to equi pnent
features and network design, e.g., frequent beam scanni ng of
(phased array) antennas, peering changes between/anong nei ghboring
satellites, UE mobility, etc.

Conpared to the depl oyment over terrestrial networks (or TNs), the
traditional transport-Ilevel congestion control nechanism e.g., TCP
CUBIC, etc., would performmuch worse due to the above adversaria
factors. The APNIC blog [APN C-blog] , based on investigationa
survey, suggests it be possible to adjust the traditional TCP CUBIC
by conducting a | ost packet repair using Sel ective Acknow edgenent
(SACK) [RFC2883] if a packet |oss event mght occur at the tinme of a
schedul ed satellite handover or path switchover. Renenber that SACK
is a big reason why nodern TCP protocols performwell over nobile
services. Fortunately, the 3GPP-based UE-Sat-UE 5G VN service does
own the capability of knowing in advance satellite schedul ed changes.
In 5G network [TS.23.501] , the 5GC NF AMF can get the satellite
epheneris information via different schenes and provide the satellite
footprints to UEs for the optim zation of transport services, i.e.,
UEs | everaging satellite schedul ed events to optim ze the

conmmuni cation during satellite handover. At UEs, these add-on

i nformati on hel ps the TCP control al gorithmdistinguish between

i sol ated packet |oss and | oss-inducing | evels of network congestion.
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3.3. LEO Satellite Networks vs. Cellul ar Network

In this use case [Hu2023] , a neasurenent study was conducted to
understand the performance characteristics of Starlink satellite
networ ks and conpare themw th cellular networks. The study involved
a |l arge-scal e data collection canpaign across five states in the US
covering diverse geographi cal areas and user popul ations. The

dat aset includes experimental results fromboth Starlink and cellul ar
networ ks, involving two types of Starlink configurations (Roam and
Mobility) and three major cellular carriers (AT&T, T-Mbile, and
Verizon). The analysis reveals several key findings:

TCP vs. UDP downlink performance. While cellular networks show

m ni mal TCP/ UDP t hr oughput differences, UDP dom nates in satellite
environments with nean rates of 128 Mips vs. TCP’ s 29 Mps. This
disparity stenms fromTCP s reliability nmechanisns (e.g., congestion
control), which anplify performance degradation under Starlink’ s

el evat ed packet loss rates (0.3%1.3%vs. cellular’ s 0.0%0.2%.

H gh loss rates trigger frequent TCP retransm ssions and wi ndow si ze
reductions, ultimately decreasing throughput.

Uplink vs. downlink throughput. Starlink’ s downlink throughput
exceeds uplink by 10x, aligning with typical user behavior favoring
data consunption (e.g., video stream ng) over generation

Latency. Starlink’ s Round-Trip Time (RTT) matches cellul ar networks
at 50-100 ms, with only 1.8 ms (550km:=300000km s) added per hop by
space-ground transm ssion, despite the 550 kmsatellite altitude.

Movi ng speed. Throughput remains stable across both networks during
hi gh- speed novenent. For Starlink, ground terminals’ nobility is
negligible relative to satellites’ 28,000 kmih speed. For cellular
net wor ks, efficient handovers contribute to maintaining consistent

t hr oughput .

TCP parallelismoptimzation. Starlink achieves a better throughput

i mprovenent, over 50%with 4 parallel TCP connections and over 130%

i mprovenent with 8 connections. TCP parallelismoptimzes bandw dth
utilization by distributing data across multiple connections, thereby
mtigating the inpact of TCP congestion control. It also inproves
packet | oss handling. 1n case of packet |oss in one connection,

ot her connections continue data transm ssion, mnimzing the inpact
on overall throughput.
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In sunmary, Starlink experiences higher packet |oss conpared to
cellular networks, while latency remains sinilar. This high packet
|l oss significantly inpacts TCP performance, resulting in TCP

t hroughput being only 1/5 of UDP throughput over Starlink. TCP
parallelismoffers nore benefits to Starlink than cellular networks,
likely due to its effective handling of packet |oss.

To address these issues, nultipath UDP experinments are conducted.
However, multipath UDP initially showed only marginal throughput
gai ns conpared to single-path transfer. By tuning the buffer
settings, they achieved nore significant throughput inprovenents.
The results highlight the need for better solutions that can handl e
the specific characteristics of LEO networKks.

Security Considerations

TBD.
I ANA Consi derations

Thi s docunent has no requests for | ANA
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