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LEO constellations are rapidly growing
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constellation by far
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Understanding Starlink throughput

* What factors impact user-experienced throughput?

* Can we predict the throughput in satellite networks like Starlink?
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Starlink overview
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Measuring Starlink’s throughput

Across 3 Countries for 6 months

USA Canada Germany
Dishy Version rev3_proto2 rev3_proto2 rev3_proto2
# of unique Serving Satellites 6,052 3,166 3,956
# of Satellite Handovers 86,808 7,257 26,782

Duration 6 months 1 month 1 month
Cumulative Throughput Traces 41,252 min 2,417 min 10,221 min
Total Throughput Samples 2,475,163 145,053 613,295




Measuring Starlink’s throughput
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Starlink throughput shows large volatility
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Understanding Starlink throughput

* What factors impact user-experienced throughput?
* Serving satellite?

* Can we predict the throughput in satellite networks like Starlink?



Challenge: Starlink does not reveal serving satellite
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Solution: Infer serving satellite through 2D-3D mapping
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Distance to serving satellite reduces throughput
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Higher elevation angle leads to higher throughput
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Newer satellite generation offers higher throughput
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Understanding Starlink throughput

* What factors impact user-experienced throughput?
* Serving satellite: distance, elevation, and generation matter

* Can we predict the throughput in satellite networks like Starlink?
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Understanding Starlink throughput

* What factors impact user-experienced throughput?
* Serving satellite: distance, elevation, and generation matter
* Load balancing?

* Can we predict the throughput in satellite networks like Starlink?
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More available satellites = More throughput
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More load =2 Less throughput
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Understanding Starlink throughput

* What factors impact user-experienced throughput?
* Serving satellite: distance, elevation, and generation matter
* Load balancing: no. candidate satellites, and hour of the day
* Weather: rains and clouds

* Can we predict the throughput in satellite networks like Starlink?
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Understanding Starlink throughput

* What factors impact user-experienced throughput?
* Serving satellite: distance, elevation, and generation matter
* Load balancing: no. candidate satellites, and hour of the day
* Weather: rains and clouds
* Global scheduler?

* Can we predict the throughput in satellite networks like Starlink?
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Impact of Global Scheduler
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Understanding Starlink throughput

* What factors impact user-experienced throughput?
* Serving satellite: distance, elevation, and generation matter
* Load balancing: no. candidate satellites, and hour of the day
* Weather: rains and clouds
* Global scheduler: periodic pattern

* Can we predict the throughput in satellite networks like Starlink?
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Understanding Starlink throughput

* What factors impact user-experienced throughput?
* Serving satellite: distance, elevation, and generation matter
* Load balancing: no. candidate satellites, and hour of the day
* Weather: rains and clouds
* Global scheduler: periodic pattern

* Can we predict the throughput in satellite networks like Starlink?

23



Throughput prediction improves network QoE

With prediction error < 20%, video streaming QoE can be improved
close to optimal (>85%)*

*SIGCOMM’16
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Throughput Prediction is well-known in other networks
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Compare Starlink’s throughput with terrestrial throughput
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Challenge: Starlink throughput shows large volatility
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We propose StarNet

* Alearning-based throughput
prediction system

 Capture Starlink network unique

characteristics

* Overalltrend of variety of factors
* Periodical patterns

 Attention mechanism
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StarNet’s Throughput Prediction System

1. Capture Varieties of Factors
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StarNet’s Throughput Prediction System

1. Capture Varieties of Factors

' Predicted ;Fh roughput?

Projection Layer

Decoder

1 =
I |
| . Encoder
Encoder! | GRU GRU | .. @:— s
I A !

Y, : . Input
: Qr,,/ :‘“. ‘ 1 1 :
i A ST m i Sequence

——————————————————————————————————————

30



StarNet’s Throughput Prediction System

2. Capture periodical patterns
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Projection Layer

Decoder

e T R e B
1 1 neoaer

Encoder! GRU GRU | ... | GRU : asne,
' A A y N !

['Satellite Load Balancing Weather

Periodical Embedding =y ~ o ' Input
A IS CD Im \ Sequence
e’’’ 1
|
|

——————————————————————————————————————

31



StarNet’s Throughput Prediction System

Periodical Embedding

Input Sequence (len=30)
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StarNet’s Throughput Prediction System

3. Attention Mechanism
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Projection Layer

Decoder

e e e B
1 1 neoaer

Encoder! GRU GRU | ... | GRU : asne,
I - I

Periodical Embedding {3

Input

[ I
! i
y I
.1 ~ I I
i ™ CD [m 'S
<& s equence
: )\ Jolele :
! I
\

N e e o o e e e e e e e e M M e Mmm M M e Rmm M M e Rmm Mmm M e Rmm M M e Mmm M e

33



StarNet’s Throughput Prediction System

3. Attention Mechanism

Predicted ;Fh roughput
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Evaluation

1. Model interpretability
2. Accuracy

3. Application



StarNet’s Model Interpretability

1. Attention Weights

A
I B I L |
3 | |
o) | |
= |
5
o
_C
o0
-
o
S|
Time (s
| | I >()

IntervalO Interval1 Interval?2 Interval3

StarNet focuses on the starting of the starlink interval

36



StarNet’s Model Interpretability

2. Encoder State
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StarNet Enables Accurate Throughput Prediction
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StarNet’s Prediction MAPE: 16.1% < 20%
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StarNet Prediction Accuracy Comparison

Compare with state-of-arts
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StarNet Enables Better Video Streaming Experience
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Summary

* We conducted global Starlink throughput measurement with

unique information such as the serving satellite
* We identified key factors that affect the Starlink’s throughput

* We propose StarNet, a throughput prediction system that
captures Starlink’s network unique characteristics E E
.

Link to code: -




Thank you!
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