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The make up of the Internet’s Congestion 
Control Landscape influences how we think 

about

Buffer Sizing

AQMs and 

In-network 

policing
Fairness and 

Deployability
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Good CCAs can make or break the 
Internet

Buffer Sizing

AQMs and 

In-network 

policing
Fairness and 

Deployability
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The Internet Congestion Collapse
and the birth of Congestion Control

[SIGCOMM 1986]

In 1986, the Internet faced a 

series of congestion 

collapses – most of the 

Internet’s bandwidth was 

being taken up in 

retransmitting lost packets!

We invented simple 

Congestion Control 

Algorithms in response…
4



These simple AIMD algorithms were fair
and stable!

Since 1986 to 2015,

we’ve always had some version of a 
loss-based congestion control 

algorithm dominant on the Internet

Tahoe, Reno, CUBIC…

Enjoyed the stability and predictability

[Computer Networks 1989]
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We’re in the midst of a Renaissance in 
Congestion Control Research

Several recent developments risk 

disrupting the stable ecosystem of AIMD 

and MIMD congestion control algorithms 

we have had for three decades.
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Recent developments in Internet Congestion Control

#1 BBR
New model-based CCA 

proposed by Google in 

2016 abandons the 

traditional loss-based and 

window-based paradigm
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Recap: CUBIC

Cwnd-based congestion control algorithm

Treats packet loss as a congestion signal. 

Reduces cwnd by 30% when is sees a packet 
loss.

Considered a buffer filler

cw
n

d

time

: packet loss
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The network model
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The network model
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How would 

CUBIC use 

this network?
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We don’t 

really need to 

fill the buffer, 

do we?

Let’s try to 

estimate the Bw

and the RTT, and 

just keep the BDP

(Bandwidth-Delay 

Product) inflight!



Google’s solution: BBR

Rate-based congestion control algorithm. 
Uses RTTmin and bandwidth estimates to 
infer congestion.

Estimate the bandwidth using the receive 
rate

Backs off every 10 sec to measure RTTmin

cw
n

d

time

10 sec1 BDP
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Google’s solution: BBR

Rate-based congestion control algorithm. 
Uses RTTmin and bandwidth estimates to 
infer congestion.

Estimate the bandwidth using the receive 
rate

Backs off every 10 sec to measure RTTmin

cw
n

d

time

10 sec1 BDP
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Question: Do you see the 

problem here?



RTTmin overestimation 

BBR wants to 

empty the buffer 

every 10 sec

: BBR 

Packets 
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RTTmin overestimation 

But BBR can’t 

empty the buffer 

every 10 seconds 

because of 

CUBIC’s packets!

: BBR 

Packets 

: CUBIC 

Packets 
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RTTmin overestimation 

But BBR can’t 

empty the buffer 

every 10 seconds 

because of 

CUBIC’s packets!

: BBR 

Packets 

: CUBIC 

Packets 

This leads to

RTTmin

overestimation

for BBR
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Bonus reason: CCA performance is contextual!



Recent developments in Internet Congestion Control

#2 QUIC
Transport is moving to 

the user space, making 

it a lot easier to tweak 

and implement new 

CCAs!
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The quick rise of QUIC

Userspace transport stack built over UDP

According to Sandvine, it contributes to

30% downstream traffic in EMEA

16% downstream traffic in North America

75% of Meta’s traffic

Standard with HTTP3
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This heterogeneity risks being increased
with the deployment of QUIC

App

TLS

TCP          

IP

BBR

HTTP 3

QUIC          BBR

YouTube

QUIC          BBR

Facebook

QUIC          BBR

Netflix

QUIC          BBR

IP

UDP
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There is a low barrier to the modification of 
these re-implementations of standard CCAs.

App

TLS

TCP          

IP

HTTP 3

QUIC          BBR

YouTube

QUIC          BBR

Facebook

QUIC          BBR

Netflix

QUIC          BBR

IP

UDPBBR

This heterogeneity risks being increased
with the deployment of QUIC
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Different QUIC stacks re-implementing 

standard CCAs is like different fast food chains 

making their own version of the same old 

cheese burger.

It’s the same, but different



End-host Congestion Control is a unique 
design space where we expect users to meet 

their selfish goals without causing harm.

We also need to monitor the responsible 

deployment of Congestion Control Algorithms 

(CCAs) on the Internet.
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This is not a new problem.

Keeping an Eye on Congestion Control in the Wild with 

Nebby, SIGCOMM '24
29

previous CCA 

measurement studies
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previous CCA 

measurement studies

Gordon

[2019]



So we decided to re-run the most recent 
of the measurement tools…
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Unknown

Unsuccessful

New Reno
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Other CCAs

BBR

CUBICGordon
[2019]

2019
>70%



What does the Internet’s current
Congestion Control Landscape 

look like?
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In any case, we decided to re-run Gordon…
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but we were not successful.

0 20 40 60 80

Unknown

Unsuccessful

New Reno

CTCP/Illinois

Other CCAs

BBR

CUBICGordon
[2019]

2023

<5%



This is has been a trend in all previous 
CCA classification tools.
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TBIT
[2001,2005]

CAAI
[2011]

Let’s identify 

CCAS

…but TBIT

doesn’t work



This is has been a trend in all previous 
CCA classification tools.
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TBIT
[2001,2005]

CAAI
[2011]

IG,Gordon
[2019]

…but CAAI

doesn’t work
Let’s identify 

CCAS

…but TBIT

doesn’t work



but IG and Gordon

don’t work

This is has been a trend in all previous 
CCA classification tools.

Keeping an Eye on Congestion Control in the Wild with 

Nebby, SIGCOMM '24
37

TBIT
[2001,2005]

CAAI
[2011]

IG,Gordon
[2019]

Nebby
[2024]

…but CAAI

doesn’t work
Let’s identify 

CCAS

…but TBIT

doesn’t work



Crucial design goal: let’s also be
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TBIT
[2001,2005]

CAAI
[2011]

IG,Gordon
[2019]

Nebby
[2024]

✨ Future-proof ✨

…but CAAI

doesn’t work
Let’s identify 

CCAS

…but TBIT

doesn’t work

but IG and Gordon

don’t work



Why is CCA identification hard?
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People keep deploying new

CCAs – we can’t be ad hoc

Work well with a wider range of 

applications and application traffic 

– be client-agnostic

We can’t appear hostile 

– we need to be as passive as 

possible
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People keep deploying new

CCAs – we can’t be ad hoc

Work well with a wider range of 

applications and application traffic 

– be client-agnostic

We can’t appear hostile 

– we need to be as passive as 

possible

There is an obvious 

way to identify CCAs 

while meeting all 

these criteria, albeit in 

the controlled setting.



Identify the Congestion Control 
Algorithm run by a server

Let’s review the task we have at hand:
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Identify the Congestion Control 
Algorithm run by a server
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Bytes in Flight

(BiF)

Unique for a CCA in response to a set 

of some specific network conditions



Identify the Congestion Control 
Algorithm run by a remote server on 

the Internet
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We no more have control over 

the network conditions



Identify the Congestion Control 
Algorithm run by a remote server on 

the Internet
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We can solve this how we have solved it 

before: via a localized bottleneck
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Bytes in Flight

(BiF)
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What’s the solution here?

We can’t go any nearer to the server…
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…but we can get further from the client

artificially delaying the packets
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Bytes in Flight

(BiF)

Measured BiF

closer to the actual

We can see a larger fraction of the packets in flight

Nebby’s measurement methodology is built on this key insight
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This simple strategy is good enough to capture 

distinct BiF traces for most CCAs

TCP CUBIC TCP BBR TCP New Reno HTCP

TCP BIC TCP Highspeed TCP Illinois TCP Scalable TCP Vegas TCP Westwood
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This simple strategy is good enough to capture 

distinct BiF traces for most CCAs

TCP CUBIC TCP BBR TCP New Reno HTCP

TCP BIC TCP Highspeed TCP Illinois TCP Scalable TCP Vegas TCP Westwood

Higher the delay, the better
Diminishing returns after 100ms
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Moreover, since Nebby is mostly 

passive, it can work with QUIC

and real browser traffic too

mvfst BBR

quiche CUBIC

quicgo BBR



How do we build a classifier for all 
these traces?

Keeping an Eye on Congestion Control in the Wild with 

Nebby, SIGCOMM '24
53

Avoiding a common pitfall:

ML-based classifier

Key insight:

All reasonable CCAs are 

feedback loops with periodic 

probes and oscillations in the 

congestion avoidance phase.



Using a shape-based Classifier

Keeping an Eye on Congestion Control in the Wild with 

Nebby, SIGCOMM '24
54

Extract these 

periodic regions: 

duration and 

frequency

Fit Polynomials and 

compare them with 

the polynomials for 

oscillations of 

known CCAs



Using a shape-based Classifier
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Shape-based classifier can 

successfully classify all CCAs in the 

Linux kernel and BBRv2 with an 

average accuracy of 96%

Nebby is demonstrably extensible, 

with support for CCAs like Copa and 

PCC. Can detect unknown CCAs 

deployed by popular websites.



Why is a shape-
based classifier 
good enough?
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All “reasonable” CCAs 
have a congestion 
avoidance phase
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Achieving Extensibility
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Extract 

periodic 

regions

AIMD Classifier

BBR Classifier

Copa Classifier

PCC Classifier



Internet Measurement Results

We made our measurements from aws instances in Ohio, Paris, 

Mumbai, Singapore, and Sao Paulo
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We measured the Alexa Top 20,000 websites over a single TCP

connection (wget) and a single QUIC connection (quiche)

We also measured a selection of websites that stream video, 

audio, and other dynamic content via a chromium web browser.



Internet Measurement Results
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5 key findings
…and many more nuggets covered in the paper

>83%
Gordon 
(2019)~70%



#1 CCA Deployment differs by region
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While CUBIC and BBR remain 

the two most dominant CCAs 

on the Internet, their 

deployment differs by region0

10

20

30

40

50

Ohio Paris Mumbai Singapore Sao Paulo

CUBIC BBR

Mumbai Ohio

Some websites deploy different 

CCAs in different regions. For 

example, amazon.in uses 

CUBIC in Mumbai and BBRv1 

in Ohio



#2 Slow Migration to BBRv2
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Since the last measurement study, Google has proposed 

BBRv2, a more fairness-conscious alternative to BBRv1

However, despite this, about 98% of websites that deployed 

BBRv1 in 2019 have either stuck to BBRv1 or switched to 

CUBIC

Most websites that deploy BBRv2 are new adopters of BBR



#3 QUIC still has a long way to go
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We saw a surprisingly small number of websites in the 

Alexa Top 20,000 websites respond to QUIC

About only 8% of measured websites deployed QUIC

CUBIC and BBR were equally popular amongst websites 

deploying QUIC



#4 Unknown CCAs on the Internet
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Nebby found about 24% of websites deploy CCAs that 

did not resemble any CCAs in the Linux kernel or BBRv2

About 200 of these websites were Google domains(!)

BBRv1 BBRv2 google.com
(June 2023)

BBRv3

(released Aug 2023)



#4 Unknown CCAs on the Internet
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Nebby found about 24% of websites deploy CCAs that 

did not resemble any CCAs in the Linux kernel or BBRv2

A large proportion of these websites hosted on Akamai 

were also deploying their own CCAs

apple.com hulu.com pornhub.com tiktok.com



#5 Deployment differs by asset type
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BBR

CUBIC

Websites like 

twitch.tv and 

appletv.com chose to 

deploy different CCAs for 

serving different content

In general, BBR is more 

popular with websites 

serving video



Nebby’s Limitations
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The current weakest link is the classifier – even though it is 

modular, it requires a new module for new CCAs

The classifier is also only as good as the selected network 

profile. However, there is scope for generating specific 

network profiles for new CCAs 



Keeping an Eye on Congestion Control in the Wild with 

Nebby, SIGCOMM '24
73

Evolution of the Internet Congestion Control Landscape



In Summary…

We introduce a fresh methodology for studying 
and identifying CCAs on the Internet for TCP, 
QUIC, and live clients.

74

We show that while BBR’s adoption has 

slowed down, most bandwidth intensive 

applications still opt for BBR.

BBRv3 and AkamaiCC are case studies in 

using Nebby to catch the deployment of 

unknown congestion control algorithms.

Nebby is open source and available on GitHub!



Lessons from a 5 year study of the 
Internet’s CCA landscape

The mix of CCAs on the Internet is more heterogeneous than it has 

ever been in the past

The heterogeneity created by the deployment of BBR is likely to 

remain given its diminishing performance benefits over CUBIC.

We can expect the deployment of modified and new CCAs on the 

Internet thanks to QUIC
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Lessons from a 5 year study of the 
Internet’s CCA landscape

The mix of CCAs on the Internet is more heterogeneous than it 

has ever been in the past

The heterogeneity created by the deployment of BBR is likely to 

remain given its diminishing performance benefits over CUBIC.

We can expect the deployment of modified and new CCAs on the 

Internet thanks to QUIC

But what about fairness, 

stability, and coexistence?
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The knee-jerk reaction

Enforce bandwidth fairness!

Through in-network solutions, modifications (and harsh 

critique) to existing offenders
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Redefining Coexistence

This heterogeneity in the Internet’s congestion control 

landscape has not been created in a vacuum.

People develop and chose to deploy different CCAs 

because they want different things.

Since the heterogeneity on the Internet is app driven, 

so should our ideas of fairness and coexistence.
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Our response to this heterogeneity needs 
to be two-fold

#1 We need to come up 

with in-network 

mechanisms that allow 

flows with competing 

needs to co-exist

In-network isolation?

#2 We need reactive end-

host congestion control 

algorithms

CCAs need to react 

not just to the network, 

but also who they 

compete with
79


