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Abstract

Lowearth-orbit (LEO satellite networks (LSNs) are increasingly used
to carry Internet traffic. However, the fast time-varying conditions
i nduced by LEO nobility can significantly inpair the performance of
end-to-end Internet congestion control algorithms (CCAs). This
docunent summari zes and anal yzes how nobility-driven (often non-
congestive) variations in capacity, delay, and |oss can nislead
representative classes of CCAs, using Starlink as an operational case
study. |In addition, this docunent highlights recently-validated
measur enent and desi gn considerations that treat connection
reconfiguration as a phase boundary observabl e at endpoints, which
can inprove the interpretation of network signals wi thout requiring
changes to the network infrastructure. This docunent al so proposes a
transport-agnostic "Path Phase Boundary" (PPB) abstraction and
correspondi ng endpoi nt behavi or consi derations for safely using such
hints across diverse CCAs. Finally, it outlines a reference endpoint
probing profile that can be used to infer PPBs in a depl oyabl e, best-
effort manner. The goal of this docunent is informational: to
clarify the problem space and to informfuture standardization and
engi neering efforts for congestion control over LSN paths.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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1. Introduction

Lowearth-orbit (LEO satellite networks (LSNs) are evolving rapidly,
enabl ed by the depl oynment of nega-constellations such as SpaceX
Starlink, Eutelsat OneWeb, and Amazon LEO Project. These systens
provi de broadband connectivity with gl obal coverage and are carrying
an increasing amount of Internet traffic. For exanple, Starlink has
been reported to serve nore than ten mllion subscribers as of early
2026.

I nternet congestion control algorithns (CCAs) are expected to perform
robustly across diverse Internet paths, including paths containing
satellite links. However, operational LSNs exhibit fast and frequent

pat h changes due to LEO nobility and dynanmi ¢ network control. Such
changes can introduce abrupt variations in avail able capacity,
basel ine RTT, and packet |oss characteristics. Inportantly, many of

these variations are not primarily caused by queue build-up at a
persi stent bottleneck, but by nobility-driven dynamcs (e.g.,
handovers and connection reconfiguration). As a result, the end-to-
end signals observed by a transport sender (loss, delay, and delivery
rate) can becone anbi guous: the sender cannot reliably distinguish
congesti on-i nduced signals fromnmobility-induced signals, and
therefore may react inappropriately.

Thi s docunent provides an informational analysis of the adverse
effects of LEO nobility on representative classes of CCAs: |oss-based
(e.g., Reno[ RFC5681]/ Cubi c[ RFC9438]), del ay-based (e.g.,

Vegas[ vegas_cc]/ Copal[ copa_cc]), nodel -based (e.qg.

BBR[ car dwel | 2016bbr]), and | earni ng-based CCAs. W use Starlink as a
case study to illustrate characteristic dynam cs and the resulting
per f or mance pat hol ogi es.

Beyond probl em characterization, this docunent summarizes recently-
val i dat ed measurenent and design considerations that can help
interpret end-to-end observations over LSN paths[lai 2025l eocc]. In
particul ar, we highlight connection reconfiguration as a phase
boundary: when reconfiguration occurs, path conditions can shift
abruptly, making historical estimtes (e.g., bandw dth and ni ni mum
RTT filters) stale. Recent endpoint measurenents show t hat
reconfiguration can be detected in a tinely manner using |ightwei ght

Lai, et al. Expires 1 Septenber 2026 [ Page 3]



I nternet-Draft cca_anal ysis February 2026

probing to stable network anchors (e.g., a point-of-presence address)
and outlier detection on probe-response intervals. This observation
supports an informational design principle: endpoints should avoid
carrying over congestion-control state across reconfiguration
boundari es, and should treat the path as operating in piecew se
“phases” separated by reconfiguration events.

From a standardi zati on perspective, this docunment focuses on the
semanti cs and safe usage of a phase-boundary hint rather than on any
single concrete signaling nmechanism W refer to such a hint as a
Pat h Phase Boundary (PPB): an advisory indication that path
conditions may have changed di scontinuously such that previously-

| earned bandwi dt h and basel i ne-del ay estinates may beconme stale. A
PPB does not inply the presence or absence of congestion; instead, it
i nfornms how endpoi nts SHOULD scope estimati on and re-convergence

| ogi c.

1.1. 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] [ RFC8174] when, and only when, they appear in al
capitals, as shown here
2. Characteristics of LEO Satellite Networks
Qutgoing Satellite Inconming Satellite
hi gh- speed novenent R + R + R +
related to R | Satellite |---| Satellite |---] Satellite |---
the earth surface(~7.5kms) +----- +----- + +o-em- - +----+ +----- +----- +
A
frequent space-ground | \/ |
handovers due to LEO | I\ |
satellite mobility | 7\
|/ \
R e - Fom o - -+ R e - Fom o - -+ R R +
| User |--->] Honme |--->|Satellite]| | G ound | --->| Point-of Presence
| Terminal|<---| Router|<---| Term nal| | Station|<---| and | nternet
R + +o- - - - -+ e +o- - - - -+ S SRR S SRR +

Figure 1. Emerging LSN architecture
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2.1. LSN Architecture

Figure 1 plots a typical architecture of enmerging LSNs. Overall, the
entire LSN can be divided into a space segnent which consists of a
consi derabl e nunber of LEO satellites, together with a terrestria
segnent that contains nany geo-distributed ground stations around the
world. On the user side, to access the LSN, a user needs to purchase
and deploy a dedicated satellite termnal (i.e. a dish), together
with a home router which connects to the user’s termnal (e.g. a
smart phone or a laptop) via a WFi or Ethernet interface. On the
ground station side, the LSN exchanges traffic with the terrestrial
Internet through a set of geographically distributed gateways behind
ground stations. Wen the LSN provides Internet services for
terrestrial users, user traffic is forwarded to LEO satellites via
the satellite termnal, then to a ground station, and finally to the
gateway and terrestrial Internet (and vice versa). |If the user is
close to an avail able ground station, satellites can use the well-
known "bent-pipe" routing mechanismto transparently forward user
traffic to the correspondi ng ground station. QOherw se, for users in
renote areas far away from avail abl e ground stations, the LSN can
exploit inter-satellite links (1SLs) to route user traffic to the
ground station.

2.2. Low Obit Altitude, Low Latency and H gh Throughput

Low latency in LSNs results fromtheir proximty to earth, mninzing
the ground-to-satellite distance data packets must travel. This

all ows for quicker response tine, essential for applications |ike
gam ng and video conferencing. Hi gh throughput is achieved through
the use of high-speed Ka-/Ku-band spectrum and the use of nultiple
satellites working together in a nesh network, enabling |arge amounts
of data to be transmtted simultaneously. This conbination of |ow

| at ency and hi gh throughput positions LEO networks as a conpetitive
alternative to traditional broadband options, especially in renpte

ar eas.

2.3. LEO Mbbility

Unli ke traditional geostationary (GEO) satellite networks, one key
property of emerging LSNs is that: a portion of the network
infrastructure, i.e. LEO satellite routers, are noving at a high
velocity related to the earth. Such unique LEO nobility can

i ntroduce abrupt, non-congestive variations in (i) available
capacity, (ii) baseline RTT (due to geonetry changes and routing
changes), and (iii) packet |loss (due to transient outages, |ink-I|ayer
behavi or, and handover di sruption).
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3.

3.

3.

A particularly salient mechanismin operational LSNs is connection
reconfiguration. Reconfiguration events can act as phase boundari es:
in this docunent, we refer to these boundaries as Path Phase
Boundaries (PPBs). within a phase (between consecutive
reconfigurations), path conditions may be relatively stable but

noi sy; across a boundary, key path parameters can change abruptly.
Thi s piecewi se structure is critical when interpreting transport-

| evel observations, especially for CCAs that rely on w ndowed extrenma
filters (e.g., max bandwidth or min RTT over a history w ndow).
Endpoi nts can sonetines observe nobility-driven phase boundaries

wi thout any explicit signal fromthe network. Recent neasurenents
suggest that reconfiguration can induce short disruptions (e.qg.,
transient outages) that manifest as outliers in probe-response
timng. Such observations notivate measurenment and control designs
that are reconfiguration-aware while remaining purely end-to-end.

I npacts of LEO Mobility on Internet Congestion Contro
1. Principles of Today's Internet Congestion Control

I nternet congestion control is vital for maintaining network
performance and stability. Typically, congestion control uses
feedback | oops to manage data flow. The sender adjusts its sending
rate based on tine-varying network conditions, ensuring efficient use
of avail abl e bandwi dth wi t hout overwhelm ng the network. In
particul ar, congestion control algorithnms (CCAs) detect network
congestion through nonitoring the perfornmance changes observed on the
sender, based on certain indicators such as packet |oss, increased

| atency. Based on the different principles used for congestion
detection and rate adaptation, existing CCAs generally can be
classified by the followi ng categories.

1.1. Loss- based CCAs

Loss- based CCAs, such as TCP Reno [ RFC5681] and Cubic [ RFC9438],
primarily detect packet |oss as a signal of network congestion.
Loss-based CCAs identify congestion through packet |oss, often using
acknow edgments (ACKs) fromthe receiver. |f packets are not

acknow edged within a certain tinmeframe, the sender infers
congestion. Upon detecting packet |oss, |oss-based CCAs reduce the
congesti on wi ndow size, which limts the amount of unacknow edged
data in transit, thus decreasing the sending rate.
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3.1.2. Del ay-based CCAs

Del ay- based CCAs such as Vegas [vegas_cc] and Copa [copa_cc] focus on
nmoni toring changes in network delay as a signal of congestion, rather
than relying solely on packet |oss. In delay-based CCAs, the sender
continuously nmeasures round-trip tine (RTT) to detect increases in

| at ency, which can indicate congestion before packet |o0ss occurs.
When increased delay is detected, the sender adjusts its transm ssion
rate, often by decreasing the congestion window, to alleviate
potential congestion. Delay-based CCAs aimto react to congestion
signals proactively, adjusting data rates to prevent packet |oss

rat her than responding to it after the fact.

3.1.3. Model - based CCAs

Model - based CCAs enpl oy mat hematical and statistical nodels to
predi ct network behavior and optim ze data transm ssion. They often
begin with nodeling the network’s dynam cs, including bandw dt h,

del ay, and packet loss, to understand how traffic interacts with
these factors. Continuous data collection on network perfornmance
hel ps update the nodel, allow ng for dynam c adjustnments based on
current conditions. Instead of reacting solely to congestion signals
Ii ke packet | oss, nodel -based control predicts congestion based on
trends in delay and other netrics, allowi ng for proactive rate
adjustnents. For exanple, Google’'s BBR] cardwel | 2016bbr] nodel s the
bottl eneck bandwi dth and round-trip tine to estimte the optinal
sending rate. At runtime, BBR continuously nonitors the conditions
of the network path, adjusting its nbpdel based on real-tine

measur enents of bandwi dth and delay. By naintaining the sending rate
close to the estimated bandwi dth without causing excessive queui ng
del ays, BBR optinizes throughput while nininizing | atency.

3.1.4. Learning-based CCAs

Recent | earni ng-based CCAs such as PCC- VI VACE[ dong2018pcc] | everages
machi ne | earning techniques to optimze data transm ssion by
predicting and adapting to network conditions. Instead of relying
sol ely on predefined al gorithms, |earning-based CCAs anal yze

hi storical network data to identify patterns and make informed

deci sions. Relevant features include packet |oss, throughput, and
round-trip time (RTT) extracted from network neasurenents to serve as
i nput for machine | earning nodels. The trained nodel can adjust the
sending rate in real time based on current network conditions,
continuously learning and refining its predictions as it receives new
dat a.
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3.

4.

4.

2. LEO Mobility Breaks Fundanmental Assunptions of Congestion Contro

LEO nobility chal |l enges congestion control by breaking two inplicit
assunptions commonly relied upon for end-to-end inference:
stationarity over estination wi ndows and congesti on-dom nated signa
semantics. For the former, many CCAs assune that key path paraneters
(bottl eneck bandw dth, baseline RTT) are approximately stationary
over the tinescale of their filters or control |oops. |In operationa
LSNs, connection reconfiguration can abruptly change these
paraneters, naking history sanples stale across a boundary. For the
|latter, classic interpretations assune that increases in RTT or the
occurrence of loss primarily reflect congestion-induced queuei ng or
dropping. In LSNs, delay spikes, |oss bursts, and throughput drops
can be domi nated by mobility-induced effects (e.g., transient

di sruptions during reconfiguration), and therefore the semantics of
these signal s becone anbi guous. These assunpti on breaks expl ai n why
CCAs may either (i) becone overly conservative (underutili zing
avai |l abl e capacity) due to frequent non-congestive | oss/del ay events,
or (ii) becone overly aggressive (creating persistent queues) due to
bi ased bandw dt h/ basel i ne-del ay estimation. An informational design
inmplication is that endpoints SHOULD treat reconfiguration events as
phase boundari es and SHOULD avoi d conbi ni ng neasurenents across
boundari es when nmi ntai ni ng extrena-based estinmates (e.g., nmaxinmum
delivery rate or nininmum RTT).

Measurenents in Starlink
1. CCA Performance in Starlink

To quantitatively understand the performance of different CCAs in
real -worl d operational LSNs, we conduct a performance study of
several kinds of representative CCAs based on an operational LSN
Specifically, we evaluate: (i) |oss-based CCAs, Reno [RFC5681] and
Cubi c[ RFC9438] whi ch use packet | osses as the signal for adjusting
data sending rate; (ii) delay-based CCAs, Vegas[vegas_cc] and

Copa[ copa_cc], which exploit nmeasured delay to estimte network
congestion and adjust sending rate; (iii) nodel-based CCAs, Google
BBRv1/v3[Il-D.ietf-ccwg-bbr], which frequently nmeasure the bottl eneck
bandwi dth and minimal RTT to nodel the bandwi dth-del ay product (BDP)
of the path, and accordingly regul ates sending rate; and (iv)

| ear ni ng- based CCA, PCC- VI VACE[ dong2018pcc], which can automatically
adapt itself to various conditions based on a utility function

wi t hout manually tuning. W describe our case-by-case observations
and correspondi ng anal ysis as foll ows.
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B oo s sy el Lo et L g
| Algorithm | Average | Average | 90th RTT | 95th RTT

| | Throughput (Mps) | RTT (ms) | (ns) | (ms) |
‘o4 oo o4 -S4 oSS o=—=+4-=——=—=—=—==—==+4
| Reno | 10.89 | 26.81 | 30.08 | 31.89 |
Fommm e - - - I I I I I +
| Cubic | 10.56 | 27.27 | 30.90 | 32.77 |
I R I I I R R I I I +
| Vegas | 4.53 | 28.32 | 31.77 | 33.31 |
I S I IR I I I I +
| Copa | 6.85 | 39.87 | 43.46 | 44.71 |
Fommm e - - - I I I I I +
| BBRv1 | 22.79 | 47.90 | 73.02 | 89.79 |
I R I I I R R I I I +
| BBRv3 | 16.52 | 26.13 | 35.35 | 48.29 |
I S I IR I I I I +
| PCC-Vivace | 17.15 | 97.08 | 171.33 | 207.26 |
Fommm e - - - I I I I I +

Table 1

Reno and Cubic. End-to-end connections experience non-congestion
packet | osses over the unstable LEO satellite links. 1t is a well-
known limitation that Cubic and Reno can not discrimnate such non-
congesti on packet losses. As a result, TCP Reno and Cubic mi stakenly
think network is congested and shrink their congestion w ndow
conservatively when non-congestion packet |osses occur, causing self-
limted throughput.

Vegas and Copa. Delay-based CCAs rely on a basic assunption that the
increase in RTT observed by the sender may reflect queuing at the
bottl eneck link. However, delay-based CCAs can be seriously msled
in LSNs because it is difficult for themto distinguish whether the
observed RTT changes are caused by congestive queuing or by path
fluctuations due to LEO nobility. Specifically, Vegas detects
congestion by increasing RTTs, and we observe that Vegas is
frequently nisled by these non-congestion RTT increases in LSNs,
resulting in severe throughput degradation. Simlarly, Copais a
recent del ay-based CCA that converges on a target sending rate

1/ (sigma * Dg) where Dg is the neasured queuing delay and sigma is a
constant. Copa adjusts the congestion window in the direction of
this target rate, and estinmates the queuing delay as Dg = RTTstandi ng
- RTTmin, where RTTstanding is the smallest RTT observed over a
recent short tinme-window and RTTmin is the smallest RTT observed over
a long period of tine (e.g. 10 seconds). W find that as the
environmental RTT fluctuates frequently and drastically, Copa usually
overestimates Dg and then limts its sending rate. Wen the
environmental RTT suddenly increases to a new |l evel, although Copa’s
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RTTst andi ng estimati on can be updated in tinme, it still takes a |long
time for Copa’s RTTnmin estimation to converge to the correct val ue.
Therefore, as the environnental RTT changes drastically, Copa
frequently underestimates RTTm n, and then overestimates Dg which is
cal culated by RTTstanding - RTTnmin. As a result, Copa m stakenly
infers that there is congestion in the network and linmts its sending
rate, and achieves low link utilization and self-limted throughput.

BBR frequently probes the network for its propagation RTT (pRTT) and
bottl eneck bandwi dth (bBW, and then adjusts sending rate to match

t he bandwi dt h-del ay product (BDP). W identify several issues in

di fferent versions of BBR

BBRv1 experiences bBWoverestimation and pRTT underestimati on under
the drastic network variations caused by LEO nobility. First, BBRv1
estimates bBWby the maxi numdelivery rate (deliveryRate) over a

10- RTT wi ndow. When the link capacity fluctuates drastically, such a
maxi mum filter always over-estimates bBW Note that BBRv1l' s sending
rate is set by the estimated bBWnultiplied by a factor called
pacing_gain and the data in flight is capped by cwnd=2 * BDP. When
the link capacity fluctuates, because bBWis overesti mated, BBRv1
overshoots the link capacity until the data in flight reaches 2 *
BDP, resulting in high queuing delay especially when the |ink
capacity significantly slunps. Second, BBRvl estimates pRTT by the
m ni mum observed RTT over a 10-second wi ndow. Thus, when the RTT
increases due to LEO mobility rather than congestion, BBRv1l under-
estimates pRTT. However, because bBWis overesti mated nost of the
time, while pRTT is underestimated nmuch | ess often, in our
experinents we observe that in nost cases the BDP is stil

over esti mat ed.

BBRv3 has nade several nodifications upon BBRv1. One inportant
aspect is that BBRv3 estimates bBWas the m ni mumval ue of two new
paraneters bw high and bw |low Specifically, bw high is calcul ated
by the nmaxi mum delivery rate over a short w ndow, while bw lowis set
to an extrenely high value when there is no packet |oss, but is set
to max(l atest_deliveryRate, 0.7*bw _high) if packet |oss >0. 1In other
wor ds, BBRv3 suppresses the sending rate in case of packet |oss. The
original intention of this change is that when packet |oss occurs, it
may i ndi cate congestion, so BBRv3 should reduce the sending rate.
However, in our experinents, we observe that due to random packet

|l osses in LEO satellite links, BBRv3 avoi ds overshooting the |ink but
is less resilient to non-congestion | oss as conpared to BBRvl1. As a
result, BBRv3 can only achi eve about 60-70%Ilink utilization under

| ossy Starlink condition
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PCC- VI VACE. Recent CCAs like VIVACE try to learn fromthe observed
networ k conditions based on a utility function, and accordingly
estimate a proper sending rate. Specifically, VIVACE s utility
function is cal cul ated based on the sending rate contribution,

| atency penalty (calculated by RTT gradient) and | oss penalty in each
measurenent interval. W observe two perfornmance issues in VIVACE
First, non-congestion RTT increase caused by LEO nobility can anplify
| atency penalty and result in inaccurate utility estimtion. Second,
VI VACE i ncorporates a dynam ¢ change boundary onega to limt the rate
change in a certain range. The original intention of onmega is to
avoid drastic rate change that overshoots the |ink capacity, but such
a boundary also leads to slow rate convergence in Starlink as the
link capacity changes rapidly. As a result, VIVACE (i) under-
utilizes the network when the |ink capacity drastically increases or
when the propagati on RTT suddenly increases due to LEO nobility; and
(ii) overshoots the network when the link capacity drastically
decreases, causing hi gh queui ng del ay.

Based on our analysis we find that it is quite challenging for

exi sting CCAs to detect network congestion pronptly and accurately in
an LSN with drastic, multi-dinmensional network variations induced by
LEO nobility. Essentially, every CCA relies on certain network
nmodel s and assunptions, based on which the CCA i nfers network
condi ti ons and whet her congestion occurs. However, these fundanental
assunptions they used becone inaccurate in enmerging LSNs. Link
capacity, RIT and loss rate can change frequently and drastically in
LSNs, m xi ng both congestion and non-congestion variations, and

exi sting CCAs can easily be misled by these non-congestion signals.
Consi dering the fundanental challenge is that it is hard for end-to-
end CCAs to discrimnate whether the observed performance changes are
caused by congestion or not, we argue that CCAs in LSNs require sone
effective indicators which can inplicitly help end host discrimnnate
non- congesti on performance changes.

4.2. Connection Reconfiguration as an Cbservabl e Phase Boundary

Motivated by the above observation that CCAs are often msled by
mobi | i ty-i nduced, non-congestive variations, we next characterize
connection reconfigurati on as an endpoi nt - observabl e phase boundary.
To isolate LSN-induced dynami cs fromvariations in the w der
Internet, one useful approach is to probe a stable point-of-presence
(PoP) address that is consistently reachable fromthe terninal;
probing to such an anchor | argely confines neasurenent to the LSN
access segnment and inproves attribution

Using |ightweight periodic probes (e.g., ICVMP echo requests) to this

anchor, recent neasurenents indicate that connection reconfiguration
can nmani fest as short transient disruptions (e.g., brief outages) and
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abrupt shifts in baseline RTT and avail abl e capacity.

Reconfi guration boundaries can be detected in a timely manner by
anal yzing the distribution of consecutive probe-response intervals:
whil e RTT spi kes may be m sl ed when probes are lost, outliers in the
response interval can still reveal disruption events, providing an
endpoi nt - observabl e i ndi cator of phase boundaries. Such boundaries
inmply that estinmates aggregated across reconfiguration events (e.g.,
bandwi dth or minimnum RTT filters) can becone stale i mediately after
reconfiguration, which hel ps explain the performance pathol ogi es
observed above.

5. Potential Mtigations

In addition to the broad directions discussed bel ow, a key takeaway
is that LSN dynami cs often exhi bit phase-boundary behavior. The PPB
abstraction captures this behavior at the transport layer: it is a
best-effort hint that path conditions nmay have changed

di sconti nuously, and therefore endpoi nts SHOULD avoi d carryi ng over
certain extrema-based estimates (e.g., bandw dth and m ni mum RTT)
across the boundary unless validated. This docunent does not mandate
a specific mechanismto obtain PPBs; endpoints may infer them and
networks may explicitly signal them

5.1. Explicit notifications for network variance discrimnation

Explicit signals fromthe network can, in principle, help endpoints
di stinguish nmobility-induced variations from congestion-induced
signals. Exanples include explicit reconfiguration markers, path-
change notifications, or segnment-specific congestion feedback
However, standardizing such signals requires careful consideration of
depl oynent feasibility, security, privacy, and interoperability
across adm nistrative domains. In addition, the signal semantics
must be robust: false positives or delayed notifications may worsen
performance. |In the absence of explicit notifications, endpoints may
still infer likely phase boundaries using end-to-end observation

St andardi zati on efforts may explore how explicit and inplicit signals
can conpl ement each ot her.

5.2. Cross-layer optimzation

In conventional networks |like WFi and cellular networks in which the
link capacity may rapidly change over time, one classic optimzation
method is to directly use the underlying channel information to
estimate bandw dth changes nore accurately and tinmely, thereby

i mproving the performance of end-to-end congestion control. For
exanpl e, ExLL [park2018exl1] is a congestion control for LTE networks
and it exploits cellular bandwi dth inference to achieve |ow | atency.
CQ C [l u2015cqic], CLAW]xie2017accel erating] and pi Stream
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[ xi e2015pi stream use PHY-layer information to accurately and tinely
estimate traditional cellular and WF networks. PropRate

[1 eong2017tcp] adjusts sending rate by directly nmonitoring the

bottl eneck buffer size in cellular networks. PBE-CC [xi e2020pbe]

| everages PHY-1layer neasurenments to precisely react to capacity
variations. The sinilar cross-layer optimzations might also be
available if the satellite network operators expose sufficient
programuabl e i nterfaces for system and applicati on devel opers.

3. Miltipath enhancenent

Multi-path transmi ssion can also significantly enhance CCAs in LSNs
by inproving reliability, throughput, and resilience. By utilizing
mul tiple LSN paths or an LSN path and a cellul ar path sinultaneously,
net wor ks can aggregate bandw dth, |eading to higher overall data
rates and inproved performance for users. |If one path encounters

i ssues (packet loss), data can still be transmitted via alternative
pat hs, enhancing overall network reliability.

Concl usi on

Qperational LEO satellite networks introduce fast and structured
dynani cs that can severely inpair end-to-end congestion control

Mobi l'ity-driven changes in capacity, baseline RTT, and | oss can break
key assunptions behi nd congestion inference, |eading to both
underutilization and excessive queueing. This docunent provided an

i nformati onal analysis of these adverse effects and used Starlink as
a case study. We also highlighted recently-validated nmeasurenent and
desi gn considerations that treat connection reconfiguration as a
phase boundary observabl e at endpoints. This suggests a

st andardi zati on opportunity around the semantics and safe usage of
phase-boundary hints (PPBs), independent of how such hints are
obt ai ned or signaled. Such considerations can informfuture
research, engineering, and potential standardization efforts for
congestion control over LSN paths.

I ANA Consi derations
Thi s docunent includes no request to | ANA

Security Considerations
Thi s docunent does not represent a change to any aspect of the TCP/IP
protocol suite and therefore does not directly inmpact Internet

security.
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