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Measuring Network Quality for End-Users 

Since the dawn of the web, three decades of improving Internet quantity 

• 9600 baud dial-up to 1Mb/s home connections to 1Gb/s home connections 

Time to give more attention to improving Internet quality 

• Responsiveness: Consistently lower end-to-end round-trip delays 

• Democratizing connectivity: An IPv6 address for every device 

• Enabling innovation 

• Don’t block new protocols 

• Stay flexible — avoid ossification 
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A More Responsive Internet 
Consistently lower end-to-end round-trip delays 

Key points: 

• Lower round-trip delays 

• End-to-end (glass-to-glass or speaker-to-speaker) 

• Consistent 
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The Internet is a Shared Network 
draft-cheshire-internet-is-shared 

All flows (or almost all) should be capacity-seeking and adaptive 

All flows deserve both high throughput and low delay at the same time 

• AQM (Active Queue Management) 

• ECN (Explicit Congestion Notification) 

• Preferably fine-grained, like L4S 

• FQ (Flow Queueing) is not the answer 

• Traffic management is not a zero-sum game 

All current speed tests are wrong 
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The Internet is a Shared Network 
draft-cheshire-internet-is-shared 

The brains of the Internet are in the end systems 

We need the end systems to behave responsibly 

Non-Queue-Building Considered Harmful 

Queue Protection needs harsh penalties 

UDP is Not A Protocol 

• The thing you are running over UDP is the transport protocol 

• If you don’t understand that… we should all be very afraid 
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what matter. Specific applications and their metrics ultimately drive adoption of 

network “improvements”. See ECN. See the multitude of congestion control 

papers over the past 4 decades. See AQM. Our industry is littered with the 

corpses of dead ideas that never saw deployment because they were 

demonstrably great in some abstract metric, but didn’t move the needle for real 

applications. The best example is congestion control. This community went 

through many phases of trying to figure out how to evaluate congestion 

controllers using the exact network conditions that were considered reflective of 

“the Internet”: first, by distilling “the Internet” to enough representative 

topologies (remember the barbell topology? the parking lot?), then distilling it to 

enough representative background traffic effects (first random loss, then 

background traffic with elastic and inelastic sources curated to generate 

enough self-similarity, then with just TCP and other apps, because it was finally 

just easier to do the real thing anyway), and now finally we have some new 

thinking that seems to consider what a congestion controller does to real 

applications (see Ranysha Ware and Justine Sherry’s work at CMU). So, I’ll 

propose short-cutting the entire thing, don’t go looking for abstract metrics, look 

at real applications, and think about network quality as what a user can and 

cannot do well on the network. And beware of abstract applications as well: 

video-conferencing is not skype is not FaceTime is not zoom is not webex. 

Video-conferencing is abstract. If you don’t think of the concrete, you are 

doomed! This program is doomed! 
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Proposition 3: 

A user’s perceived quality of the Internet 

is inextricably tied to this evolving human artifact, 

the properties of which are defined locally in time and space 

by physical, social, political, and economic forces. 
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To be successful, 

any quality metric or measurement framework 

must include (or show correlation to) 

real applications on real networks. 

 

 

 

Applications change. 

Any quality metric or measurement framework must 

therefore be continually updated to reflect reality. 
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QoS parameters are proxies 

Consumers are willing to pay for higher QoE 
 but conventional SLAs charge by QoS  

QoS parameters are used as proxies because they 
• are objective  
• are easy to measure 
• correlate well with subjective QoE 

We know explicit estimates for subjective QoE given QoS parameters 
    QoE = f (application; QoSn ) 
for many applications, such as 
• conversational voice – MOS = f(codec, PLR, delay) 
• streaming video – MOS = f(codec, PLR, PDV) 
• general web browsing – ApDex = f(delay) 
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Rich communications services 

A major paradigm major shift has recently occurred in networking 

Traditional communications services were pure transport services 

Today, services are much richer, and may perform  
 on-path, nontrivial, (virtual) network functions, e.g.,  
• firewall  
• WAN optimization (e.g., TCP proxy, compression, transcoding) 

• CDN (hashing + cache server) 

One can prove that for such rich services 
  there is, in general, no QoS→QoE relationship 
    QoE ≠ f (application; QoSn)  

Hence QoS and QoS-based SLAs are meaningless 
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The proof ? 

The proof is based on  
 a sequence of thought experiments (gedanken experiments) 

In each such thought experiment  
• we pick a QoS parameter     
and  
• find a network function  
 that makes that parameter irrelevant to QoE for some application 

NFV makes things even worse 
 since it enables dynamically inserting/reconfiguring functionalities  

So, with NFV, we must pessimistically assume 
  that QoE ≠ f(QoS) problems may occur anywhere in the network 
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Regulatory perspective on measuring network quality for end-users 
 
Ahmed Aldabbagh, Ofcom (UK) 
14-19 Sept 2021 
 
 
 
Disclaimer: The analyses, opinions and findings in this presentation represent the views of the author, should not be interpreted as an official 
position of Ofcom and are not intended to be an official statement of Ofcom’s policy. 
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Operator requirements Regulatory perspective 

• Understand the performance of their networks. 

• Understand the performance of the equipment. 

• The impact that such performance has on the 
experience of their customers. 

• Generally within the context of 
network management system. 

• Troubleshooting and 

• Pre-fault diagnostics 

• Promoting the ability of consumers to access and 
distribute information or run applications and 
services of their choice. 

• Universal service directive aims at promoting a 
satisfying quality-of-service and ensuring better 
information for consumers on its actual quality 
of service which will be received. 
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Consumers access the Internet 

Transparency: measurement for consumers 

• What am I getting? 

• etc 

Measurements for policy makers 

• Evolution of national infrastructure 

• Etc 

• Innovation 

ISP 
Rest of the 

Internet 

Different applications 

Risk 

• Degradation of IAS as whole 

• App-specific degradation 
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Internet access quality monitoring system requirements and features 

• Accuracy  

• Comparability 

• Different IAS providers and their offerings 

• Different countries when possible 

• Trustworthiness 

• Independence (from operators) 

• Accountability and legal value  

• Privacy 

• Security 

• Openness 

• Future proof-ness 

• Active measurements using test traffic 
• Passive measurements using ordinary user traffic 

 
• User initiated tests 
• Background tests 

 
• Hardware probes 
• Software probes 

 
• Mobile 
• Fixed 
• Fixed-wireless 

 
• Cost 
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Measurement systems 

Considered BEREC 

• Large-Scale Measurement of 
Broadband Performance 
(IETF/LMAP) 
 

• IP Performance Metrics 
(IETF/ IPPM) 
 

• RIPE Atlas 
 

• M-Lab 
 

• etc 

• Federated system  
 

• Drew a great deal from LMAP 

• Rising in importance as it is 
beginning to open new insights 

 

• Lack of standards 

 

• Privacy issues 
 

• Collection is not future proof 

Crowdsource 
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Approach: metrics 

QoS QoE 

• Speed (upload and download) 

• Delay and its variations 

• Packet loss 

• DNS look up time 

• etc 
 

• How to measure in view of earlier requirements ? 

• Becoming more and more important 

• But is it difficult? 

• Lack of common theoretical framework? 

• Lack of standardisation 
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Final remark: where should the future be? 

Federation of ‘Interoperable’ systems QoS to QoE?? 

• Standardisation in measurements methods 

 

• Common software implementations 

 

• Standardisation in common data format 
and APIs 

• Difficult to solve? 
 

• What about Delta Q as the basis for future? 

 

• Need for standardisation 
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A Case for Long-Term Statistics  (1) 

• Quality metrics are inputs to improve the network 
• How can “normal” users do that? 

Change ISP; change equipment; upgrade firmware; tell people in the 
household “no TikTok while daddy talks” 

 

• Sitting in front of a console and obtaining “aha, quality is reduced 
now” does not help much 

• This is a case against such interactive use 

Michael Welzl 
IAB Workshop on Measuring Network 

Quality for End-Users, 2021  



A Case for Long-Term Statistics  (2) 

Useful metrics: 

• Is my connection the bottleneck?  (how often in general / was it the bottleneck 5 
minutes ago, during our telco?) 

• Do applications influence each other? 
(Does “stay away from TikTok while I work” even help? Is it bad to plan 
conversations in my household at the same time?) 

• Or: did they, during the last 10 minutes? 
At which time of day do applications influence each other, in general? 

Michael Welzl 
IAB Workshop on Measuring Network 

Quality for End-Users, 2021  



A Case for Long-Term Statistics  (3) 

• How to obtain these metrics: passive listening 
• and associate traffic with applications 

 

• How often does packet loss / RTT growth happen? 
• Did it, during the last X minutes? 

 

• Which application(s) were involved? Did they influence each other (share a 
bottleneck)? 

• Passive shared bottleneck detection: RFC 8382 
This uses OWD; various variants exist (research) 

Michael Welzl 
IAB Workshop on Measuring Network 

Quality for End-Users, 2021  
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