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Work From SIGMETRICS’25:



LEO Satellites work in constellations 
(e.g., 100s-1000s satellites) 
● High global coverage

LEO satellites orbit 300km - 2000km 
from Earth
● Low Latency: minimum RTT (~10ms), 

bounded by the speed of light

Low Earth Orbit (LEO) Satellite 
Networks



Millions rely on LEO… with more to come



Streaming Keeps Growing

“video remains the largest application 
category by volume”

“The top ten traffic days in 2024 all 
coincided with a live streaming 
sporting event”



How does LEO affect Netflix streaming?



● What is LEO’s role in Netflix video delivery?
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Streaming over LEO is rapidly rising in 
popularity, especially in Africa
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● How good is Netflix on‑demand streaming over 
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Often similar to terrestrial connections… but 
increased bitrate switches and rebuffers
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● How good is Netflix on‑demand streaming over 
LEO?

● How can we reduce bitrate switches and rebuffers 
on LEO?

Existing congestion control & adaptive 
bitrate design principles can partially 
help, but are not sufficient



● What is LEO’s role in Netflix video delivery?

● How good is Netflix on‑demand streaming over 
LEO?

● How can we reduce bitrate switches and rebuffers 
on LEO?

● What are the research opportunities for LEO 
streaming?



What is LEO’s role in Netflix video delivery?



LEO is growing in popularity

Starlink is 19th (of 20K+) 
ISPs responsible for all 
global Netflix viewing



LEO ISPs have global reach

Almost 150 
countries



The US streams the most over LEO



Africa led the growth of streaming over 
LEO through 2024



● Streaming over LEO is rising rapidly

● Expanding Netflix into new and underserved 
markets (notably in Africa)

LEO’s role in Netflix delivery: 
What we learned



LEO’s known challenges: 
low orbit = high variability



Example: Starlink 
Architecture



Periodic RTT level shifts



Periods of high loss

Packet loss during handover

A B A B A B



Location matters for RTT variability 



Location matters for RTT variability 

Like RTT, packet loss shows large 
spatial/temporal variability



What prior work tells us about LEO

● Network reconfiguration on ~15‑second intervals
● Periodic latency shifts
● Periods of high loss
● Large variations over time and location



● Network reconfiguration on ~15‑second intervals
● Periodic latency shifts
● Periods of high loss
● Large variations over time and location

What prior work tells us about LEO

Is this Starlink-specific or general to LEO?
● Specific: ≈15 s reconfig, hard handovers
● General: mobility → handovers/reconfigs in any LEO



How good is Netflix on‑demand 
streaming over LEO?



Quality of Experience (QoE) metrics

● Overall perceptual video quality
● Bitrate switches
● Rebuffers
● Play delay



● Video Multi-Method Assessment Fusion
○ Predicts human-perceived quality of encoded segments
○ At the same bitrate, simple scenes score higher than complex ones

Perceptual Video Quality 

4k @ 23.4Mbps
VMAF 107

216p @ 126.4kbps
VMAF 10



LEO delivers comparable perceptual 
video quality



Malawi and Zambia experience better 
quality than local alternatives

LEO
Better



Good quality, but more switches



More bitrate switches on LEO



More bitrate switches on LEO

LEO has over 200% 
more bitrate switches 



Bitrate switches from throughput 
fluctuations
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LEO experiences lower throughput



Good quality, but occasional rebuffers



How often do rebuffers occur?

● Extremely rare across all networks

● But, more likely on LEO
○ +216% vs. Top 10 ISPs
○ +40% vs. all non‑Starlink



Why rebuffers are more likely on LEO



Why rebuffers are more likely on LEO

Often at lowest bitrate at rebuffer 
● Downshift too late: Less time at lowest bitrate
● Or short outage with low buffer: More outages on LEO



Higher rebuffer incidence in Africa and 
Latin America



● Comparable quality in well‑served regions

● Better quality in small islands, Africa

● Tradeoff: more bitrate switches and rebuffers

LEO QoE: What we learned



How can we reduce bitrate switches and 
rebuffers on LEO?



Two levers to adapt to LEO dynamics

● Congestion control (CC)
○ Controls send rate on the network path

● Adaptive bitrate (ABR)
○ Chooses the video representation (resolution/bitrate) 



Tried less reactive congestion control (MulTCP)
Allowed higher throughput and slightly smoother streaming
But led to more retransmissions and higher latency

Key insight
● Tweaking CC helps, but can’t fully overcome LEO’s high variability
● Tradeoff: more throughput often means more queueing and loss

Congestion control: What we learned

✔
⚠  



Tuned standard ABR parameters (e.g., throughput discount)
Helped somewhat
But didn’t close the gap with terrestrial ISPs on switches or rebuffers

Key insight
● Standard ABR relies on point throughput estimates
● On LEO, variance (not just averages) drives the challenge

Adaptive bitrate: What we learned

✔
⚠  



Curious about the technical details?

 🚀 Join us @SPACE RG on Thursday, 9:30am  🚀
Netflix over LEO: Lessons in Adaptive Bitrate and Congestion Control
● Deep dive into our congestion control and ABR experiments
● Results, trade-offs, and open challenges
● Bring your questions!



What are the research opportunities for 
LEO streaming?



Video on-demand is resilient
● Large buffers
● Tolerates short-term variability

Live and gaming should be more challenging
● Sensitive to jitter, loss bursts, and throughput swings
● Little to no buffer

How well does LEO support live, 
gaming, and conferencing?



Congestion control
● Expect moving bottlenecks and non‑congestive losses
● Use rate‑based control (e.g., BBR) and pacing
● Explore simple LEO‑aware hints

Adaptive bitrate: make decisions variance‑aware
● Improve throughput prediction under high variability
● Avoid switching on noise

How should adaptive bitrate and 
congestion control evolve for LEO?



Standard set of APIs
● Hints: reconfig/handover soon, stability window

Testing and benchmarks for reproducible evaluation
● Open traces of LEO dynamics
● Realistic simulators/emulators/testbeds

Don’t ignore LEO
● Treat LEO as a first-class target for new protocols and apps

Where should we invest as a 
community?



Final Message to Internet Researchers



Thank You

Questions to rteixeira@netflix.com


