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Application Requirements Outpace Network Evolution
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Massive rise in use over past decade across wide spectrum of use cases:

Requirements outpace

network capabilities
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Anatomy of a Video-Conferencing Session
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(1) Critical traffic on uplink


(2) Traversal of access networks


(3) Immediate QoE effects



Athena Cross-Layer Measurement & Optimization
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(1) Sees across layers


(2) Correlates data across layers


(3) Enables cross-layer 
optimization

ATHENA …

Lost optimization 
opportunities

Network state and information 
is siloed within each layer
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PHY/MAC Layers
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Delayed
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5G Uplink causes high Latency and Jitter
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Washington D.C.

5G Packet

Core

→ Cellular uplink is primary contributor to high delay and jitter.
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5G Latency and Jitter Considered Harmful
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5G Capacity Changes Inflate Delay
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(3) Zoom reduces FPS

(1) Cell reduces PRB allocations

(2) Buffer builds up

ATHENA 
Telemetry

18s

(4) Cell adapts



Expanding to the Physical Layer
5G Time-Division Duplex and Uplink Transmission
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5G Uplink Scheduling Causes Jitter
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(1) Proactive grants cause 
delay spread at receiver 
side resulting in jitter


(2) Audio packets sent 
alongside video frames 
are delayed by video


(3) Late BSR-triggered uplink 
grants waste capacity
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5G Retransmissions Cause Jitter
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→ Athena can explain per-
packet latency: link-layer 
retransmissions further 
inflate delay by 10 ms



Athena Cross-Layer Optimization Opportunities
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Application Layer

Network Layer

PHY/MAC Layers

Delayed
FrameMedia Frames/Samples

+ Quality Layers / Pict. Quality

Fail Re-Tx.
Transport Blocks
+ Retransmission Information

IP Datagrams
+ Packet One-Way Delays

Αθηνά

Network to Application 

Telemetry about network, e.g.,

• Available capacity

• Cause of delay increase



Athena Cross-Layer Optimization Opportunities
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Application Layer

Network Layer

PHY/MAC Layers

Delayed
FrameMedia Frames/Samples

+ Quality Layers / Pict. Quality

Fail Re-Tx.
Transport Blocks
+ Retransmission Information

IP Datagrams
+ Packet One-Way Delays

Αθηνά

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

ATHENA: starting point for long arc of research uncovering and addressing 
the intricacies of cutting-edge access networks
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omichel@princeton.edu 

https://olivermichel.github.io
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5G Latency and Jitter Considered Harmful
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→ Latency and Jitter cause degraded performance.



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
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→ Zoom reacts to high latency 
primarily by reducing frame rate


→ Jitter causes unstable frame rate



5G Uplink causes high Latency and Jitter
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ping

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