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Internet nutrition labels 

Several labels formats have been proposed and are enforced in 
several countries 

QoS (throughput, latency, availability), price (data slabs), customer service 

Simplicity at PoS, details on websites, mandatory or voluntary 

Towards dynamic labels 

Some fixes in measurement methodology for TRAI reporting 

Greater spatial granularity in reporting 

Can lead to a radical consumer empowering design 

Transparency, accountability, consumer education 

Access to information to make the right decisions 



Sample TRAI report 

Not easily accessible 

or known to 

consumers 



Design space for creating Internet nutrition labels 

Moving to a radical state of consumer empowerment 

Measurement granularity 

Per user Circle Regional 

TRAI quarterly reports. 

Crowdsourced data 

Increase spatial 

granularity, improve 

accessibility and validity 

Radical transparency 

and accountability: 

Users select plans 

based on usage, know 

what they will get, know 

what they actually get 

Who imposes 

accountability 

Regulator 

Consumer 

Greater transparency 

leads to more 

competition. Improves 

consumer awareness Auditable against 

performance delivered 

to each user 

Current state Labels-v1 Labels-v2 



Towards Labels v1 

Interesting observations 

Vodafone’s reported latency is consistently low in Delhi ~ 230ms, compared to Idea ~ 
120ms, Airtel ~ 200ms, Reliance ~ 90ms steadily 

Vodafone’s min. download speed in Kolkata has improved steadily, from 1.4Mbps to 
2.9Mbps. Airtel was inconsistent [1.0 to 2.8Mbps], Aircel ~ 2.0Mbps 

BSNL/MTNL have the lowest 3G throughput in all the circles, almost 1/3rd to 1/5th of 
the best provider in any circle 

 

Can we build an app which makes this more accessible? 



Towards Labels v1 

Combining with open data sources 

 

 

 

 

 

 

 

 

 

Can TRAI reporting be more spatially granular? 

Service 

Provider  

No. of 

Subscribers 

No of base-

stations 

Avg Subs per 

base-station 

Airtel  10897923 68953 158 

Vodafone  9666715 54756 176 

Idea  6013537 22597 266 

Dolphin 2338929 5527 423 

Aircel  5394596 8882 607 

Reliance 8214286 10434 787 

[Data for Delhi NCR. For other circles, need more fine grained data – district/block, rural/urban] 



Towards Labels v1 

Measurement validity: Availability 

Throughput and latency values roughly similar. 

Availability is significantly different from the reported values.  

Values being reported to TRAI are from some internal network elements, and 
not from the end-user perspective. 

Indicates that TRAI should review their measurement methodology. 

Location Availability(%) Throughput (Kbps) Latency (ms) 

Reported Observed Reported Observed Reported Observed 

RJ 2G 100 59.49 116.5 131.02 260.3 308.45 

3G 100 69.73 – 71.58 2476.3 1394.03 – 2187.13 191.8 128.84 – 256.89 

JH 2G 100 41.97 – 57.64 199.7 244.8 453.85 – 1040.75 

3G 100 3485.2 64 

MP 2G 99.83 36.37 – 80.17 131.8 84.89 – 160.72 119 405.16 – 936.45 

3G 73.66 907.80 476.57 

Delhi 2G 100 81.44 130.2 167.82 173.3 310.58 
3G 91.69 2369.4 2332.25 80.4 540.41 



Towards Labels v1 

Inclusion of more parameters: IRATs 

a) Switching Latencies  

Connect/reconnect on just 2G-2G has 
latencies as high as 20 seconds 

Many locations witness a switching event 
every 40 sec on average 

The switching frequency and latency varies 
across locations indicating different 
network configurations 

b) Stall Durations  

The stall durations run into tens of          
seconds. 

Detrimental in the case of any long         
transfers. 

Downloads without stalls give a  
throughput 25% higher than downloads 
with stalls in the case of 2G, and 65% 
higher in the case of 3G connections. 

BSNL Reliance Airtel Idea 

BSNL Reliance Airtel Idea 



Towards Labels v1 

Measurement validity and inclusion of more parameters 

Improved spatial granularity in reporting 

Improved accessibility 

Airtel Delhi Reported Trends National 

Dnload bw min/mean Top 1 or 2 min/mean 

Upload bw … Top 1 or 2 … 

Local latency … No change … 

Roaming ` ` … … 

CDN links optional 2 new links … 

IRATs … Improved … 

Sample label – 

can be done 

even today at 

the circle level 

Currently 

creating an app 

as a form of 

dynamic labels 



Design space for creating Internet nutrition labels 

Can move to a radical state of consumer empowerment 

Measurement granularity 

Per user Circle Regional 

TRAI quarterly reports. 

Crowdsourced data 

Increase spatial 

granularity, improve 

accessibility and validity 

Radical transparency 

and accountability: 

Users select plans 

based on usage, know 

what they will get, know 

what they actually get 

Who imposes 

accountability 

Regulator 

Consumer 

Greater transparency 

leads to more 

competition. Improves 

consumer awareness Auditable against 

performance delivered 

to each user 

Current stage Labels-v1 Labels-v2 



Towards Labels v2 

Airtel plan X Reported Committed 

Dnload bw min/mean … 

Upload bw … … 

Local latency … … 

Roaming ` ` … … 

CDN links optional … 

IRATs … … 

Airtel plan X Provided Delta 

Dnload bw min/mean +/- 

Upload bw … +/- 

Local latency … +/- 

Roaming ` ` … +/- 

CDN links optional +/- 

IRATs … +/- 

In-network measurements by telcos * 

* Research on separating out server based performance effects from network based 

effects through passive observation of data flows 

* Research on fast summarization and classification of per-user flows 

Based on TRAI reported data 

Individual consumers know what was committed to them and what 
was delivered 



Internet nutrition labels:  
Transparency, Accountability, Consumer Education 

Current disclosures can be enhanced 

Improvement in measurement methodology, eg. availability 

Additional performance indicators to be included, eg. IRATs 

More spatial granularity, eg. at the district level with rural/urban separation 

Making data easily accessible, eg. through an app 

Region-level Labels v1 will then be straightforward to create 

Possible to easily make head on comparison between providers 

TRAI can compare the plans sold by telcos with data reported to TRAI 

Additional research is needed for Labels v2, to be able to 
provide to users data about performance actually delivered to 
them 

Users can then directly compare promised with delivered performance 



Thankyou for your time! 
 
 

Contact: aseth@cse.iitd.ernet.in 



Extra slides and data 



Towards Labels v2 

Individual consumers know what was committed to them and what 
was delivered 

Connect QoS with QoE to be able to select the best suited plan 

Web surfing VoIP Video streaming Video conf 

Bandwidth Latency: RTT Jitter Loss rate 

Bit error rate 

Throughput Download time 

DNS 

CDN linkages SNR 

Core nw capacity Core nw config 

Time of day 

Messaging 

Buffers 

RAN capacity RAN config 

IRATs 

Short-term 

Availability and admission control 

Reliability for transactions 

Spectrum 



Towards Labels v2 

Individual consumers know what was committed to them and what 
was delivered 

Connect QoS with QoE to be able to select the best suited plan 

Web surfing VoIP Video streaming Video conf 

Bandwidth Latency: RTT Jitter Loss rate 

Throughput Download time 

DNS 

Messaging 

Bit error rate 

CDN linkages SNR 

Core nw capacity Core nw config 

Time of day 

Buffers 

RAN capacity RAN config 

IRATs 

Long-term 

Availability and admission control 

Spectrum 



Towards Labels v2 

Individual consumers know what was committed to them and what 
was delivered 

Connect QoS with QoE to be able to select the best suited plan 

Web surfing VoIP Video streaming Video conf 

Bandwidth Latency: RTT Jitter Loss rate 

Throughput 

DNS 

Messaging 

Bit error rate 

CDN linkages SNR 

Core nw capacity Core nw config 

Time of day 

Buffers 

RAN capacity RAN config 

IRATs 

Long-term 

Availability and admission control 

Spectrum 



QoS to QoE relationships 



Proposed broadband labels 



TRAI: Proposed disclosures 





Earlier measurements work 
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Measurement scale 

Choice of locations 

20 locations – 11 rural, 4 semi-urban, 5 urban 

Choice of service providers 

3 GSM based, 1 CDMA based 

 

2G contributes 58% to the overall traffic 
in India 1.  

 

 

Provider BSNL Airtel Idea Reliance 

# of nodes 18  
 

14EDGE + 
4UMTS 

16  
 

9EDGE + 
7UMTS 

11  
 

8EDGE + 
3UMTS 

6  
 

5 1xRTT + 
1EVDO 

1Nokia Solutions & Networks' MBit Index - http://networks.nokia.com/file/30596/mbit-index-report-2014 
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Measurement suite 

 
 
 
 

Control Server 
Measurement 
Node 

Measurement 
Server Data Server 

3. Conduct tests 

Email Heartbeat Failure 

Email: 
-Low balance 
-Low battery 
-Modem disconnect 

Email Daily Test Report 

* We build upon our earlier 
paper1 where we have 
described the measurement 
methodology and challenges 
in more detail 

1Z Koradia, G Mannava, A Raman, G Aggarwal, V Ribeiro, A Seth, S Ardon, A Mahanti, and S Triukose  First impressions on the state of cellular data connectivity in India(ACM DEV-4 '13).  
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Methodology - Challenges 

Purchase of local 2G/3G prepaid SIM cards 

Local transport problems and language barriers 

Support needed from local staffs at the sites 

Cash management for the incentives and recharges 

Disk failures, power outages 

Test mis-configurations 

Modems would sometimes hang and require manual re-
plugging 

 

 

 

Typical rural BTS with battery backup 

Doing active measurements is incredibly challenging especially in rural India 



Results – Availability 

Availability = C
t
 / (M

d
 - D

t
) 

 Ct
 (connected time) - duration for which connectivity was available 

M
d
 (measurement duration) - time for which experiments ran on the modems  

D
t
 (down time) - duration for which the USB modem was in a hung state 

Less than 75% availability in most cases, and as less as 35% in some 

BSNL Reliance Airtel Idea BSNL Airtel 



BSNL Reliance Airtel Idea 

 
 
 
 

BSNL Reliance Airtel Idea 

Results – Throughput 

b) 2G Uplink  

a) 2G Downlink  

iperf on the uplink and curl on the downlink to measure throughput 

Throughputs were often much lower than the values advertised by the ISPs 

Advertised  

BSNL 144 kbps 

Airtel 256 kbps 

Idea 236 kbps 

Advertised  

BSNL 144 kbps 

Airtel 256 kbps 

Idea 236 kbps 

BSNL Reliance Airtel 

BSNL Reliance Airtel 

c) 3G Downlink  

d) 3G Uplink  

d) 3G Uplink  

Advertised  

BSNL 14 mbps 

Airtel 21.1 mbps 

Advertised  

BSNL 14 mbps 

Airtel 21.1 mbps 

Reliance 256 kbps 



Results – Latency 

Ping and traceroute 
measurements 

Almost all providers, except 
Idea and Reliance, have high 
2G latencies and also show 
wide variations across different 
locations 

Imply varying network config 

  
Buffer sizes are calculated by 
sending a UDP train and 
spotting the first packet which 
was lost 

Providers who have provisioned 
large buffers also have higher 
latencies 

 

BSNL Reliance Airtel Idea BSNL Airtel 
2G 3G 

Reliance 

2G 3G 

BSNL Airtel Reliance Airtel 
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Results – Divergence from reported values to TRAI 

Throughput and latency values roughly similar. 

Availability is significantly different from the reported values.  

Values being reported to TRAI are from some internal network elements, and 
not from the end-user perspective. 

Indicates that TRAI should review their measurement methodology. 

Location Availability(%) Throughput(kbps) Latency(ms) 

Reporte
d 

Observed Reported Observed Reported Observed 

RJ 2G 100 59.49 116.5 131.02 260.3 308.45 

3G 100 69.73 – 71.58 2476.3 1394.03 – 2187.13 191.8 128.84 – 256.89 

JH 2G 100 41.97 – 57.64 199.7 244.8 453.85 – 1040.75 

3G 100 3485.2 64 

MP 2G 99.83 36.37 – 80.17 131.8 84.89 – 160.72 119 405.16 – 936.45 

3G 73.66 907.80 476.57 

Delhi 2G 100 81.44 130.2 167.82 173.3 310.58 
3G 91.69 2369.4 2332.25 80.4 540.41 



Sender  Receiver  

UE goes away from the 
network  

p5 

Timeout 1 

buffered at an intermediate 
node 

Timeout 2 

Results - Connection Stalls 

The puzzling behavior we observed earlier 

p4 

p5r1 

p5r2 

a5:8 

p6 
p7 
p8 

Stalled packets 

p7 
p8 

p6 
p5 

Receives stalled 
packets 
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Results - Connection Stalls 

What's happening 

p5 

p5r2 p5r1 

p6:p15 a5:a15 

Connection 

Stall 
Switching 

latency 



c) Frequency of stalls and switches  

Many locations witness a switching 
event every 40 sec on average 

High switching frequencies 
combined with long switching 
latencies can impact long TCP 
flows 

3G-2G switches are the most 

frequent, and in almost 50% of the 

cases these switches lead to stall 

events 

Downloads without stalls gave a  

throughput 25% higher than 

downloads with stalls in the case of 

2G, and 65% higher in the case of 

3G connections 
 

Results - Connection Stalls 

BSNL Airtel Idea 



Results - Connection Stalls 

a) Switching Latencies  

Connect/reconnect just on 2G has 
latencies as high as 20 seconds 

Many locations witness a switching 
event every 40 sec on average 

The switching frequency and latency 
varies across locations indicating 
different network configurations 

b) Stall Durations  

The stall durations run into tens of          
seconds. 

Detrimental in the case of any long         
transfers. 

Downloads without stalls gave a  
throughput 25% higher than 
downloads with stalls in the case of 
2G, and 65% higher in the case of 3G 
connections. 

BSNL Reliance Airtel Idea 

BSNL Reliance Airtel Idea 
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Summary and recommendations 

Some metrics reported by the telcos to TRAI do not tally 
with the measured values 

TRAI should review their prescribed methodology. 

Performance metrics do not match the advertised values 

Consumer awareness should be built through nutrition labels 

Telcos should report the achieved metrics to the users, or TRAI 
should make the reported values available in user-friendly ways 

Throughput, latency, and availability values differ 
considerably across locations and providers. Network 
configuration problems seem rife – stalls caused due to 
switching, and latencies caused due to large buffers 

Telcos can improve their QoS by better network management 
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Thank you... 

aravindh.raman@kcl.ac.uk 


