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→ Proactive grants cause 
delay spread at receiver 
side resulting in jitter

→ Audio packets sent 
alongside video frames 
are delayed by video

→ Late BSR-triggered uplink 
grants waste capacity
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Network to Application 

Telemetry about network, e.g.,

• Available capacity

• Cause of delay increase

Application to Network 

Use application semantics in 
network, e.g.,

• Intelligent dropping of frames

• Application-aware scheduling



Conclusion / Call for Research

• Synchronizes fine-grained 
measurements of video conferencing 
across all layers of the stack


• Reveals new performance insights 
for application and transport 
protocol designers to improve 
end-to-end algorithms


• Starting point for long arc of 
research uncovering the intricacies 
of cutting-edge access networks
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Athena Application and Network Layer Measurements
Athena measures:

• One-Way Delay

• Bit Rate, Frame Rate per Media 

Type / SVC Layer

• Media-Level Jitter and Picture 

Quality

17Athena: Seeing and Mitigating Wireless Impact on Video Conferencing and Beyond

0
250
500
750

1000

0 300 600 900

Bi
tra

te
 [K

bp
s]

Base Low−FPS Enhanc. High−FPS Enhanc. Audio

0

10

20

30

40

0 300 600 900
Fr

am
e 

R
at

e 
[fp

s]

10

100

1000

0 300 600 900
Time [s]

D
el

ay
 [m

s]

0
250
500
750

1000

0 300 600 900

Bi
tra

te
 [K

bp
s]

Base Low−FPS Enhanc. High−FPS Enhanc. Audio

0

10

20

30

40

0 300 600 900

Fr
am

e 
R

at
e 

[fp
s]

10

100

1000

0 300 600 900
Time [s]

D
el

ay
 [m

s]

0
250
500
750

1000

0 300 600 900

Bi
tra

te
 [K

bp
s]

Base Low−FPS Enhanc. High−FPS Enhanc. Audio

0

10

20

30

40

0 300 600 900

Fr
am

e 
R

at
e 

[fp
s]

10

100

1000

0 300 600 900
Time [s]

D
el

ay
 [m

s]

0
250
500
750

1000

0 300 600 900

Bi
tra

te
 [K

bp
s]

Base Low−FPS Enhanc. High−FPS Enhanc. Audio

0

10

20

30

40

0 300 600 900

Fr
am

e 
R

at
e 

[fp
s]

10

100

1000

0 300 600 900
Time [s]

D
el

ay
 [m

s]
Time [s]

→ Zoom reacts to high latency 
primarily by reducing frame rate


→ Jitter causes unstable frame rate
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ping

→ Cellular uplink is primary contributor 
to high delay and jitter.
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