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CCA contention:  
Higher sending rate leads to  
higher bandwidth allocation 
+ lower allocation for other flows

Congestion: Offered load > capacity
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Conventional CCA model of contention

Internet CCA model: 
Zero-sum bandwidth competition

Traditional Protocols: 
Prescriptive AI-MD 
“TCP-Friendliness”

Modern Algorithms: 
Low Delay 

High Throughput

Expectation: Contention between modern CC algorithms 
determines their bandwidth allocations



CCA Contention properties: longstanding analysis target!
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‣ Operators’ capacity planning usually prevents congestion  
‣ Most flows are app-limited or operator-throttled 
‣ We need active measurement to settle the question

Later: What are the implications?
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Operators’ capacity planning usually prevents congestion 

All Flows
Short Flows

Application Limited
(e.g., video streams)

Operator Throttling + Isolation

Remaining 
Cases

Flow Perspective

Most flows either throttled or have bandwidth demand satisfied

Measurement data 
points to these cases being 

common
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Operators’ capacity planning usually prevents congestion 

New App Features

Capacity Planning

Traffic Engineering
App Adaptation  

(e.g., ABR)

Congestion Control

App Satisfied

If many flows don’t have bandwidth demands 
satisfied, operators upgrade capacity

Operators care about money, not bandwidth contention:

Operator 
Control

$$$ $$$

CCA Contention 
Zone
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Current trends point to reduced contention*

Access links: 
Yang et al. (2022): In 64% of cases, 

Wi-Fi is as much of a  
bottleneck as home users’ access 

links

Remaining cases: 
Can use well-known fair queueing 

and isolation mechanisms

Low-Bandwidth Scenarios: 
Possible for commonly application-
limited traffic (e.g., video streaming) 

to contend for limited bandwidth

Wireless (cellular/satellite) access: 
isolation already common 

*Further study required
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‣ Operators’ capacity planning usually prevents congestion  
‣ Most flows are app-limited or operator-throttled 
‣ We need active measurement to settle the question

Passively gathered M-Lab NDT Data: 
does not indicate contention, but not conclusive either way 

(see paper)
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Active measurements can directly measure CCA contention

Any approach using passive measurements must infer CCA 
contention, so is likely to be inconclusive

Idea: Adapt Nimbus (SIGCOMM 2022), which actively 
determines cross-traffic’s aggressiveness

See paper  
for details
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‣ Operators’ capacity planning usually prevents congestion  
‣ Most flows are app-limited or operator-throttled 
‣ We need active measurement to settle the question

If true, what are the implications?
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Future CCAs can focus on bandwidth-latency tradeoff

Latency

Bandwidth

Packet Losses

Delay-Optimizing  
CCAs

Bottleneck BW

Probe for 
additional 
capacity?

0 Queue Delay +  
Full Throughput 
(unachievable)

Throughput-Optimizing CCAs:

Less concern over contention properties can make future CCAs simpler, 
but CCAs will continue to have a rich design space
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Not typically: 

‣ Operators’ capacity planning usually prevents congestion  
‣ Most flows are app-limited or operator-throttled 
‣ We need active measurement to settle the question
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