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Ensuring quality access of
broadband Internet
services to citizens has

become a global priority. It is
universally acknowledged that
broadband contributes
extensively towards improving
quality of citizens� lives and can
aid in meeting the global
objective of inclusive growth.
Thus, an efficient network
infrastructure and good quality
broadband services may be
perceived as a first key step
towards the creation of a
knowledge economy. Many
studies have highlighted how
broadband contributes
significantly towards socio-
economic progress, enhances
overall productivity,
competitiveness and inclusive
growth of a country. It also
brings public services closer to its
citizens through e-governance,
apart from creating and
maintaining a direct connection
between producers and
consumers.

While the Internet has penetrated
in most countries quickly, its
inclusive and efficient use has
been lower in developing
countries � due to slow
penetration and adoption. As a

result, majority of global
population�s lives remain largely
untouched by digital revolution.
Efforts are being made by
relevant stakeholders to address
this digital divide by providing
accessibility of broadband
services to the offline population.
However, besides focussing only
on connectivity, there is a need to
ensure that broadband Internet is
adequate, reliable and
affordable. India is also facing
problems with respect to
accessibility and adoption of
broadband services.

In December 2017, Internet
penetration in India was 34.1
percent of the total population,
with only 53 percent daily
Internet users in rural segment
and total female Internet users at
approximately 30 percent. Even
in terms of average Internet
speed, while South Korea
clocked 28.6 Mbps in 2017,
India could only achieve 6.5
Mbps. While the present
government and Information and
Communications Technology
(ICT) industry of India is making
consistent efforts to make
broadband Internet services
accessible and affordable. It is
also critical for these services to

Executive Summary
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be reliable and efficient to ensure seamless last-mile
connectivity, better Quality of Service (QoS),
Quality of Experience (QoE) and transparent
information disclosure of these services for
consumers.

As compared to other countries, India�s telecom
market is very unique as close to 95 percent of the
total Internet subscriber base uses �Mobile Wireless�
mode to access Internet. With such significant share
of consumers dependent on the wireless network for
connectivity, poor QoS, QoE and lack of
information disclosure may cause a major setback
in efforts made towards broadband services and the
Digital India programme. Some prominent
disclosure issues often quoted in research reports
and print media, include mis-selling, misleading
advertisements, failure to deliver the promised QoS,
QoE, et al. This suggests that India needs to
undertake further reforms to ensure better quality
broadband services for all citizens.

The TRAI, established as a regulator under the TRAI
Act, 1997, has taken many path-breaking initiatives
on transparency, protection and empowerment for
Indian consumers over the year. While these
initiatives have also focussed on broadband Internet
consumers, limited progress has been seen on the
improvement of current QoS and QoE situation in
the country.

Combining all efforts and initiatives of the entire
telecom ecosystem players is the need of the hour to
bring necessary changes, so that consumers are
empowered with standard tools and accurate
information disclosure mechanism to demand better
broadband Internet services. Thus, creating a label
for broadband services that is user-friendly, easily
accessible and provides relevant information on
QoS and QoE parameters, would empower
consumers in making an informed decision while
selecting their service provider and plan.

Labelling is a common practice being followed for
many consumer products and encourages
consumers to make informed buying decisions and
assures safety, quality and durability on products.
Labelling on food products, medicines, appliances,

etc. has also protected the interests of Indian
consumers. Such experiences suggest that there
is a need to extend labelling to services as well.
Broadband labels could benefit existing and
potential broadband consumers that underlie
social and economic activities across the globe.

Advocacy for broadband labels began way back
in 2009, when the Open Technology Initiative
(OTI) of the New America Foundation, came up
with an idea of creating the first broadband label
� Broadband Truth-in-Labelling disclosure. Since
then, many civil society organisations (CSOs)
and telecom regulators across the globe have
undertaken many policy initiatives and advocacy
efforts to improve QoS and QoE metrics for
broadband Internet consumers.

Notable global experiences, as seen in Australia,
Brazil, Singapore, the UK and the US, have
shown that while cohesive efforts of all relevant
stakeholders have resulted in better QoS and
QoE delivery, much more ground needs to be
covered. While mature markets have been able
to develop and implement voluntary practices,
developing markets have developed mandatory
practices to ensure transparency and consumer
protection. However, both practices have not
been successful as envisaged.

As stated previously, of the total Internet
subscribers in India today, close to 95 percent
are accessing Internet through wireless mode. In
other words, 3G/4G mobile broadband is the
prominent way to access Internet in India, which
is assisted by growth in penetration of
smartphones. Given this scenario, development
and implementation of broadband labels is very
critical so as to protect consumer interest.
However, there are several challenges related to
the adoption of these labels, such as lack of
capacity and awareness, weak infrastructure and
connectivity, varying mobile network dynamics,
opaque and delayed policies, primitive
compliance and reporting mechanism, etc.

The TRAI initiated a public consultation in June
2017, entitled, �Data Speed under Wireless
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Broadband Plans�, to explore the possibility of
speed governance and information disclosure of
wireless data speeds of broadband Internet
services, and whether services should have a
standard label to empower consumer choice and
increase their awareness. Together, the regulator,
the broadband industry, CSOs, academia and
other stakeholders have started to engage and
discuss the subject through this consultation
process. Once a sustained increase in awareness
and subsequent demand from consumers is
generated, it is expected that telecommunications
service providers/internet service providers (TSPs/
ISPs) would voluntarily create such tools to
showcase their strengths on QoS and QoE, as
compared to competition. In the long run, this
would inspire a change in the behaviour of TSPs/
ISPs, who will certainly see the value and demand
for such a practice.

To facilitate this consultation process and the
research agenda, CUTS International and its
regional partners organised seminars and focus
group discussions (FGDs) across the country,1

which were well-attended by relevant
stakeholders, including consumers. These
interactions revealed that most consumers
appreciated the utility of broadband labels and
demanded several parameters, such as reliability,
coverage information, QoS metrics at city-levels,
as additions to the proposed prototype labels (as

shown in annexure I). During these discussions, it
was also realised that most consumers were
unaware of key information on network
performance, such as bandwidth and latency, and
compared a broadband internet service purely on
price per gigabytes (GB). With the ultimate
objective of empowering consumer choices for
broadband Internet services through �Broadband
Labels�, the year-long advocacy journey has been
well-recognised by all relevant stakeholders.

However, ensuring the right mix of stakeholder
representation in such activities would be
fundamental. It is hoped that details covered in this
research report would serve as an informative
resource and help stakeholders in India to move
forward, with firm steps, in defining contours of
the safe harbour in greater detail. Furthermore, it
is anticipated that related existing and future
activities will ultimately empower broadband
Internet consumers in India and perhaps in turn,
spur more competition in the broadband Internet
market.

This project report summarises some of the key
recommendations (as mentioned below) to achieve
this objective, as well as proposes two prototype
labels for measuring QoS and QoE, which may be
taken up for further deliberation by stakeholders
and build an adoption roadmap for broadband
labels and better information disclosure
mechanism.

CSOs should be thoroughly sensitised on the subject as most of them lack
the capacity to understand the complexity and technicality of broadband
services, as they will be eventually advocating with regulators and
educating consumers. In the US, strong pressure from a think tank forced
the Federal Communications Commission (FCC) to come up with a model
label, despite stiff resistance from TSPs/ISPs. Academia and prominent
technical institutions would also play a critical role in enhancing the
capacity and knowledge of CSOs.

Capacity-Building
of CSOs
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Awareness
Campaigns

There would be a need for concrete and coordinated efforts for an
awareness campaign once a broadband label is developed. All
relevant stakeholders in the value chain � decision makers,
policymakers, TSPs/ISPs and CSOs � must equally and consistently
contribute towards the efficient and effective implementation of these
campaigns. The TRAI has already created an outreach web page,
which may be harnessed for such awareness campaigns.

Effective monitoring system should be adopted for this labelling
programme to succeed. An effective institutional structure must be
designed to include national, state and local administration for speed
governance, implementation, inspections and overall compliance. Also, a
continuous evolution of standards, prescribed in labels and information
disclosure, would be required to keep up with development and
innovation of technology needs.

Compliance
Mechanism

Label Information

Broadband labels that provide highly technical, trivial or irrelevant data
information do nothing to help improve consumer�s knowledge.
Ambiguous and vague terms, such as �up to� must be completely
avoided. When claims are used consumers will become confused,
discouraged, and sceptical. These labels need to be designed in a way
to display complete information in a standardised and simple format
that may also be adapted to local language requirements. Use of
visuals, icons and voiceover instead of text, would have a greater
impact on various sections of the society, including the specially-abled,
and enable them to have equal access to such labels.

Such broadband labels may be mandated to be placed on the TSP/ISP�s
website, TRAI�s consumer outreach website and MySpeed app, at the
point of sale in TSP/ISP outlets as well as third-party multi-brand retail
stores and shops, on monthly bills and notifications sent to consumers,
etc. Such labels may also be pre-loaded through a mobile app on
Internet-enabled computing devices sold within India. While the primary
label may remain dynamic to maintain accessibility on devices, the same
label may be developed in static form � posters, hand-outs, etc. �
periodically at multiple consumer touch points.

Placement of
Labels
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Inclusivity
Creation of various consumer profiles who access broadband Internet
services, such as business professional, homemaker, student, gamer,
tech entrepreneur, policymaker, service provider, etc. would aid in
making different and more inclusive labels.

Lessons could be taken from the Bureau of Energy Efficiency (BEE) label
design process, which is an excellent example of how to develop a
national label and utilise considerable consumer and stakeholder input.
BEE used a phased-approach mechanism to first implement Star labels on
a voluntary basis, and once the sales of a particular appliance crossed 50
percent, labelling on that appliance was made mandatory. Similar
approach to ensure active consumer adoption of broadband labels may be
explored by the TRAI as a pilot project in few telecom circles to begin with.

Phased Approach

The NDCP 2018

The National Digital Communications Policy (NDCP) 2018, expected to
be announced in July 2018, provides an excellent opportunity to all
stakeholders to focus on QoS and work cohesively to ensure efficient
implementation and streamlining of various initiatives. The policy also
aims to include other technologies, such as satellite communications,
start-ups, etc. in improving connectivity, network performance and
providing more clarity to TSPs/ISPs.

Currently, the TRAI�s MySpeed App measures QoS and QoE in terms of the
speed only. There is a need for an application/website that gauges
broadband Internet services on a number of QoS and QoE parameters.
Such tool will help consumers in determining the delivered QoS & QoE
levels. Such an app/website would need to be integrated to a mechanism
that regularly monitor the measurement of network data and associated
QoS metrics. Start-ups, micro, small and medium-sized enterprises
(MSMEs) and other third-party application developers may be incentivised
to work in tandem with TSPs/ISPs and contribute in this monitoring
exercise providing support on measuring �dynamic� parameters, such as
power and memory of end user devices, network congestion, spectrum
shortage and range limitations of access networks, backhaul bandwidth
constraints, etc.

Innovative Tools
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Frugal Tools

While innovation will surely benefit in ensuring robustness, it is also
important that the developed applications are certified in the Indian
context. This would help developers to be more aware of limitations
and constraints of Indian telecom networks while building and
optimising these apps. Emphasis should also be laid on removing
related bottlenecks so as to enable �frugal development� of apps that
enhance the broadband labels and overall information disclosure
mechanism.

The current QoS reporting and disclosure mechanisms governed by the
TRAI (covered in Section 2 above), do not take into account many critical
QoS and QoE parameters which are readily available with TSPs/ISPs.
Hence, it is crucial for such reporting to be more granular and include as
many available parameters as possible. It is a known fact that TSPs/ISPs
conduct their own tests to check network performance, while the TRAI also
conducts independent drive tests at various locations. However, both tests
must also gauge metrics, such as handover of Inter Radio Access
Technologies (IRAT) frequency, which significantly impact the utility and
further improved through better configuration. Instead of aiming for
�averages�, these tests must assess the diversity of network performance to
get better sense. Doing these tests in more locations will also factor in the
redundancy, in case other networks malfunction. Such amendments would
immensely benefit the regulator in getting a better sense of the variation
in performance across different locations.

Amendments to
existing QoS
Regulations



Ensuring quality access of
broadband Internet
services to citizens has

become a global priority. It is
universally acknowledged that
broadband contributes
extensively towards improving
quality of citizens� lives and can
aid in meeting the global
objective of inclusive growth.2

Thus, an efficient network
infrastructure and good quality
broadband services may be
perceived as a first key step
towards creation of a knowledge
economy.

The TRAI,3 regulator for
telecommunications,
broadcasting and cable services
in India, defines broadband as:
�Broadband is a data connection
that is able to support interactive
services including Internet access
and has the capability of the
minimum download speed of
512kbps to an individual
subscriber from the point-of-
presence (POP) of the service
provider intending to provide
broadband service�.

The minimum speed for
broadband services as 512kbps
was classified by TRAI in 2016.
Before 2016, the same was
256kbps.

Many studies4 have highlighted
how broadband contributes
significantly towards socio-
economic progress, enhances
overall productivity,
competitiveness and inclusive
growth of a country. It also
brings public services closer to its
citizens through e-governance,
apart from creating and
maintaining a direct connection
between producers and
consumers. Banking, labour and
employment, education, public
services and safety, healthcare
services are now more accessible
than ever and broadband has
made last-mile connectivity
easier at a comparatively lower
cost than the conventional
models. Some prominent
examples are Online Banking,
Digital Payment, E-governance,
Massive Open Online Courses
(MOOC), Online Job Postings,
etc.

Studies have highlighted the
correlation between Internet
penetration levels and associated
positive economic impacts. For
example, Koutroumpis (2009)
found that for Organisation for
Economic Cooperation and
Development (OECD) countries
the contribution of broadband to
OECD economic growth

Introduction1
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Figure 1: Broadband Penetration Impact on GDP Growth of OECD Countries

increased with rise in availability of broadband
services (Figure 1).5

Countries with broadband penetration less than 20
percent and between 20 percent and 30 percent, a
1 percent increase in broadband adoption
contributed to 0.008 and 0.014 percent in Gross
Domestic Product (GDP) growth respectively. While
in countries with penetration higher than 30
percent, the impact was 0.023 percent.6 Likewise, a
study by The World Bank (2010)7 estimated that a
10 percent increase in broadband penetration
accelerates economic growth by 1.38 percent in
developing countries. It is, therefore, evident that
today most of the countries are striving to create a
robust broadband infrastructure.

Broadband Internet access has also been linked to
the Sustainable Development Goals (SDGs) set by
the United Nations.8 Aiming for several
advancements by 2030, the SDGs set a vision to

end extreme poverty and hunger, improve
access to healthcare and education, protect the
environment and build peaceful inclusive
societies. Paragraph 15 of the 2030 Agenda
for Sustainable Development outlines: �ICT has
great potential to accelerate human progress, to
bridge the digital divide and to develop
knowledge societies�.

While the Internet has penetrated in most of the
countries quickly, its inclusive and efficient use
has been lower in developing countries due to
slow penetration and adoption. As a result,
majority of the global population�s lives remain
largely untouched by digital revolution. Only
around 15 percent9 can afford access to
broadband Internet. Mobile phones, reaching
almost four-fifth10 of the world�s population, is
the most common mode of Internet access in
developing countries. But even then, nearly 2
billion people do not own a mobile phone, and

Source: Dr Raul Katz, The Impact of Broadband on the Economy, ITU, April 2012, is accessible at: http://snip.ly/
b9ptqj
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nearly 60 percent11 of the global population still
remain offline, mainly in India and China, but more
than 120 million in North America.12

Efforts are being made by relevant stakeholders to
address this digital divide by providing accessibility
of broadband services to the offline population.
However, besides focussing only on connectivity,
there is a need to ensure that broadband Internet is
adequate, reliable and affordable. India is also
facing problems with respect to accessibility and
adoption of broadband services, the baseline
scenario for which is discussed in the following
section.

According to Internet Service Providers Association
of India (ISPAI), number of broadband subscribers
increased from 8000 in 2003 to 1497.5 lakh in
2016 (see Figure 2). The growth, in percentage, may
seem overwhelming; however, adoption as
compared to the total population of India, i.e. 1.35
billion is miniscule. As per TRAI statistics, the total
broadband subscriber base was 276.52 million in
March 2017.13

In order to connect remaining citizens with
broadband services, the Government of India has
launched a number of initiatives and policies.

The draft NDCP 201814 has envisaged promoting
�Broadband for All� as a tool for socio-economic
development under its �Connect India� mission for
2022. The Digital India programme,15 a flagship
programme of the current Government of India,
sets out a vision to transform India into a digitally
empowered society and knowledge economy.
The government has laid out a mission to provide
100 Mbps broadband connectivity to more than
0.25mn gram panchayats16 across the country by
2019 through its �Broadband Highways�
programme pillar.

Despite such efforts, Internet penetration in India
was 34.1 percent of the total population in
December 2017, with only 53 percent daily
Internet users in rural segment and total female
internet users at approximately 30 percent.17 Till
2015, as compared to the global average of 46
percent for fixed broadband penetration, India

Source: Internet Service Providers Association, http://snip.ly/r1mqlw

Figure 2: Growth of Broadband Subscribers in India: (256 Kbps or more)
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ranked even below Vietnam and Sri Lanka, with
only 7 percent penetration18 as shown in Figure 3.

Even in terms of average internet speed, while
South Korea clocked 28.6 Mbps in 2017, India
could only achieve 6.5 Mbps.19 While the present
government and industry is making consistent

Figure 3: Fixed Broadband Penetration (Households) in Asia-Pacific, 2015

Source: White Paper on Broadband Regulations and Policy in Asia-Pacific Region, ITU, November 2016 accessible
at: http://snip.ly/3f05ic

efforts to make broadband services accessible
and affordable, it is also critical for these services
to be reliable and efficient to ensure seamless
last-mile connectivity, better QoS, QoE and
transparent information disclosure of these
services for consumers.



Problem Statement
As compared to other countries,
India�s telecom market is very
unique as close to 95 percent of
the total Internet subscriber base
uses �Mobile Wireless� mode to
access Internet.20 With such a
high share of consumers
dependent on the wireless
network for connectivity, poor
QoS, QoE and lack of
information disclosure may cause
a major setback in efforts made
towards broadband services and
the �Digital India� programme.
Some prominent disclosure issues
often quoted in research reports
and print media, include mis-
selling, misleading
advertisements, failure to deliver
the promised QoS, QoE, et al.
This suggests that India needs to
undertake further reforms to
ensure better quality broadband
services for all the citizens. A
detailed research on the impact
of QoS on final QoE for
consumers has been covered
under Annexure II of this
Research Report.

A study undertaken by CUTS
International and IIT Delhi
highlighted that the perception of
consumers in India towards QoS
of their mobile Internet services,

in general, is poor.21 Another
study,22 which captured problems
faced by Bharat Sanchar Nigam
Limited (BSNL) broadband
subscribers observed that
majority of respondents were
dissatisfied with the QoS,
particularly with reference to
download limit and broadband
speed. In August 2017, TRAI
released results of a detailed
consumer perception survey23 in
the licence service areas (LSAs)
of Delhi, Madhya Pradesh and
Karnataka, which revealed that
none of the service providers in
the three service areas have
achieved the benchmark for
consumer satisfaction. In fact, the
consumer satisfaction level was a
dismal 50 percent, with the worst
dissatisfaction in the two areas:
1) data speed and network; and
2) signal and coverage.

Another major grievance of
broadband consumers is on
actual connection speed, which is
constantly or unpredictably slow,
as compared to the speed
advertised by TSPs and/or ISPs
at the point of sale. In addition to
this, information relating to
critical QoS and QoE factors,
such as actual throughput,
bandwidth, latency, etc. are not
disclosed to consumers at the

Broadband Services and Indian Consumers2
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time of signing up for broadband services. Terms,
such as �up to� for data speed and �unlimited� for
data limit is quite common. Moreover, under the
garb of fair usage policy, broadband speeds are
substantially reduced after a certain usage limit.
Primary reason for consistent rise in such issues is
inadequate and inaccurate information provided to
consumers.

Broadband Services and Consumer
Rights
Every broadband consumer is entitled to receive
QoS and QoE as promised by the service provider.
For instance, service providers are expected to
explain the tariff plan selected by a consumer and
parameters which influence QoS of the plan. Thus,
the terms of contract between consumer and
service provider, should clearly state the expected
or average QoS and QoE for services offered,
which the service provider should mandatorily
adhere to. In case a contract is breached, a
consumer should be empowered with provisions to
demand for suitable compensation from the service
provider.

QoS, Disclosure and Transparency
Regulations
TRAI, established as a regulator under the TRAI
Act, 1997, aims to protect consumer interests and
facilitate the growth of telecommunications,
broadcasting and cable services in a manner and
at a pace which will ensure and enable India as a
global leader in the emerging information
society.24 As one of the most inclusive regulators in
the country, TRAI releases consultation papers to
seek stakeholders� comments, before formalising
any regulation. TRAI has prescribed the QoS
standards for broadband service providers through
the QoS of Broadband Service Regulations, 2006.
As per this regulation, benchmarks for bandwidth
utilisation and subscribed broadband connection
speed (download) are provided below:

In December, 2012, TRAI issued �Standards of
Quality of Service for Wireless Data Services
Regulations, 2012�.25 It introduced a list of QoS
parameters, with minimum benchmarks for
compliance by service providers. Following the
2012 Regulations, TRAI in July 2014, introduced
a clause in the regulation that mandates service
providers to publish minimum download speed
for the wireless data plans. Service providers
also have to ensure that the minimum download
speed specified in their advertisements, is
delivered not less than 80 percent26 of the usage
time. This was introduced since the advertised
speeds and actuals often differed substantially.
The complete set of QoS parameters, laid out by
TRAI, are showcased in Table 2:

TRAI has also placed certain measures to ensure
compliance of these regulations and publishes
quarterly performance reports27 for all 22
telecom circles in India. TRAI also conducts
periodic audits, drive tests and assessment of
QoS through independent agencies across the
country, to monitor the compliance of prescribed
benchmarks.

Recognising the importance of information
disclosure for consumers in ensuring
transparency in the delivery of broadband
services, in 2012, (subsequently revised in 2016)
TRAI notified service providers to provide
consumers with information on various
parameters, through various channels, such as
service provider�s website, advertisements,
emails, SMS, etc. Such disclosures are intended
to assist consumers in making an informed
decision for their selection of broadband service.
However, the direction for disclosure (Box 1)
covers limited portion of vast information�s that
broadband providers are generally required to
disclose to their consumers.
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QoS Parameters for Broadband Services in India

QoS Parameter Benchmarks

Service provisioning/activation time 100 % within 15 working days

% of fault repaired by next working day > 90 %

% of fault repaired within three working days > 99 %

% of bills disputed (billing complaints) <2 %

% of billing complaints resolved 100 %within 4 weeks

Time taken for refund of deposits after closure 100 % within 60 days

% of calls answered by the operators (Voice to Voice) >60 %
within 60 seconds

% of calls answered by the operators (voice to voice) >80 %
within 90 seconds

% of service availability/Uptime (for all users) >98 %

Packet loss (for wired broadband access) in percent <1 %

Network Latency
· User reference point at POP/ISP Gateway <120 ms

Node to IGSP/NIXI
· User reference point at ISP Gateway Node to <350 ms

international nearest NAP port abroad (terrestrial)
· User reference point at ISP Gateway Node to <800 ms

international nearest NAP port abroad (satellite)

Bandwidth utilisation/throughput 1) bandwidth Utilisation i)
POP to ISP Gateway Node [Intra-network] Link(s) ii) ISP
Gateway Node to IGSP / NIXI Node up-stream Link(s) for
international connectivity

2) Broadband Connection Speed (download)

<80 percent link(s)/route bandwidth
utilisation during peak hours. If on
any link(s)/route bandwidth
utilisation exceeds 90 percent, then
network is considered to have
congestion. For this an additional
provisioning of Bandwidth on
immediate basis, but not later than
one month is mandated. Subscribed
broadband

Connection speed to be met >80 %
from ISP node to user.

Source: TRAI Website, Accessible at: http://snip.ly/6nc3wk

Table 1
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Taking forward its agenda of transparency and
consumer protection, TRAI launched the MySpeed
mobile application28 in August 2016 that
empowers a wireless broadband consumer to
check the delivered quality of data speed on any
smartphone, at anytime and anywhere across the
country. The mobile application also allows the
consumer to rate the delivered quality by through a
star-rating mechanism. This interaction generates
data in anonymous form, which get accumulated
on the TRAI MySpeed Analytics portal29 and is
available in downloadable format for interested
stakeholders to perform big data analytics. This
was an important step taken by TRAI so as to work
effectively on data speed governance.

In April 2018, TRAI launched a beta version of
�Tariff Portal�30 that allows consumers to access
information on various available tariff plans
offered by TSPs, along with comparing these plans
on multiple parameters, further empowering
consumer choices. This was soon followed by the

beta version of �Network Coverage Map,�31

introduced in June 2018, where a consumer may
view the status and conditions of a TSP�s network
coverage for a specific location.

Appreciating the TRAI�s path-breaking initiatives
on transparency, consumer protection and
empowerment, limited progress has been seen on
the improvement of current QoS and QoE
situation. Combining all efforts and initiatives of
the entire telecom ecosystem players is the need
of the hour to bring necessary changes, so that
consumers are empowered with standard tools
and accurate information disclosure mechanism to
demand better broadband Internet services. Thus,
creating a Label for broadband services that is
user-friendly, easily accessible and provides
relevant information on QoS and QoE
parameters, would empower consumers in
making an informed decision while selecting their
service provider and plan.

Table 2

QoS Standards for Wireless Data Services in India

QoS Parameter Benchmark

Regulation 2012

Service activation/provisioning Within 4 hours with 95% success rate

Successful data transmission download attempts > 80%

Successful data transmission upload attempts > 75%

Minimum download speed To be measured for each plan by the
service provider and reported to TRAI

Average throughput for packet data > 75% of the subscribed speed

latency Data < 250 ms

Packet Data Protocol (PDP) context activation success rate > 95%

Drop rate < 5%

Amendment 2014

Minimum download speed > 80% of the usage time

Source: TRAI Website, Accessible at: http://snip.ly/6nc3wk
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Box 1: TRAI�s 2016 Direction on Information Disclosure for Broadband Services
(Fixed & Mobile)

In supersession of its earlier direction in 2012, the TRAI � in order to ensure transparency in delivery of
internet and broadband services, protect interest of telecom consumers and facilitate progress of
broadband services in India � directs all providers of broadband (wireline and/or wireless) services to:

1. Provide on their website and also in all advertisements published through any media, the following
information in respect of all broadband tariff plans offered under Fair Usage Policy: -

a. For fixed broadband service
i. Data usage limit with specified speed
ii. Speed of broadband connection up to specified data usage limit and
iii. Speed of broadband connection beyond data usage limit

b. For mobile broadband service
i. Data usage limit with specified Primary technology (3G/4G) for providing data services and
ii. Speed offered for providing data services beyond data usage limit

2. Provide information specified in para (a) above to both new and existing subscribers on their
registered email address and through SMS on their mobile number registered with the service
provider, as opted by consumer

3. Ensure that download speed of broadband service provided to the fixed broadband subscriber is
not reduced below minimum download speed for broadband as defined by Department of
Telecommunications (DoT) from time to time, in any fair usage broadband tariff plan after expiry of
assigned data quota of consumers

Provide alert to the subscriber through SMS on his registered mobile number or to his registered e-mail
address each time when his data usage reaches 50 percent, 90 percent and 100 percent of the data
usage limit under his plan. TSP should also maintain a portal/website, so that user can access his
usage at any point of time.

Source: TRAI Direction under Sec 13 to service providers for delivering broadband services, October 31, 2016.
Accessible at: http://snip.ly/zj9b5h



Broadband Labels � Evolution, Parameters
and Global Experiences3

Labelling is a common
practice being followed for
many consumer products.

For instance, a packaged food
product anywhere in the world
would typically have details, such
as ingredients, nutritional
content, source of origin, price,
directions for use, precautions to
be taken, expiry date, etc.
mentioned on a label
prominently visible. Such a label
encourages consumers to take
informed buying decisions and
assures safety, quality and
durability of products. Similarly,
appropriate labelling of food
products, medicines, appliances,
etc. have also protected the
interests of Indian consumers. A
2015 survey32 provides support
for these assertions.

Experience from labelling of
consumer goods suggests that
there is a need to extend
labelling to services as well,
currently in the form of carbon
footprint in airlines and eco
labels. Broadband labels could
benefit existing and potential
broadband consumers that
underlie social and economic
activities across the globe.

Evolution of Labels in
Broadband Sector

1. Why?

Media articles and reports
around the world have
highlighted that consumers
are often perplexed when
choosing a broadband
service provider. Cited below
are various studies and
surveys, undertaken by
consumer organisations and
network regulators that have
confirmed these observations.

In 2009, the OTI of the New
America Foundation, came
up with an idea of creating
the first broadband label �
Broadband Truth-in-Labelling
disclosure.

It stated that broadband
subscribers are often
frustrated with actual
performance of their Internet
access service, which
regularly falls far below the
advertised speeds. Consumers
set their expectations based
on phrases like �up to 16
Mbps�, and are disappointed
to learn that these quotes are
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worthless as assurances.33

Besides, as there was no
lawful requirement for service
providers then to reveal
contents of the broadband
services they are providing,
which led to consumers being
harmed by invalid and/or
ambiguous languages.

In 2012, a global consumer
survey34 on broadband
Internet was administered by
Consumers International (CI)
in 40 countries (including
India), in five languages,
drawing over 9,000
responses. This survey elicited
information about prevalent
problems faced by consumers
of broadband Internet
services. The survey results
revealed that Internet speeds
are often slower than
advertised, and in many
cases unpredictable. The cost
of internet access is often
prohibitive in locations where
there is insufficient
competition between
broadband providers. Even in
locations where competition
does exist, consumers are
kept from taking advantage
of it by lock-in provisions in
their service contracts. Finally,
majority of consumers were
dissatisfied with handling of
complaints on speed or
service problems.

2. How?

The OTI recommended that
TSPs/ISPs should disclose
important facts and details of
the broadband offering
before subscribers sign up.

Such a disclosure should be meaningful, and failing to meet
minimum standards should be treated as an important service
outage. Such an outage must result in a refund or service credit to
the consumer. Where there are choices between different products
or providers, the disclosure should be made available in a way
that allows consumers to compare them. Providing clear,
meaningful, comparable disclosures ultimately spurs competition
between TSPs/ISPs and encourages future development of
broadband technology. As a result of this initiative, OTI developed
a sample Broadband Truth-in-Labelling disclosure in 2009, which
is discussed in detail in the succeeding section.

Source: http://snip.ly/ea5hi2

Figure 4: Broadband Disclosure Statement by CI
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Since 2009, CI has been promoting the idea of
a broadband nutrition label among its member
countries. As the name implies, this label
resembles a nutrition label seen on food
products and discloses actual Internet speeds
that broadband users may expect in a simple,
hype-free format, further encouraging service
providers to back this up with a service
guarantee. Thus, a Standard Broadband
Disclosure Statement was developed by CI
based on feedback from its members and from
other best practices, such as Ofcom�s Voluntary
Code of Practice on Broadband Speeds. This
disclosure statement sets out the most important
variables in a standardised, easily understood
and comparable form, including speed,
reliability, service limits and conditions, pricing
and other information, such as privacy policy.

Essential Parameters
A simple and consistent label will enable
consumers to make apples-to-apples comparisons
when considering broadband Internet service
selection or when considering a change.35

According to the US FCC,36 a label programme
would provide the following information:

· Performance: upload speed and download
speed

· Price (monthly fee averaged over three
years)

· Usage restrictions (any point at which the
terms of service that apply change)

Similarly, service providers may also mention peak
and off-peak, average and minimum speed,
thereby making them more accountable. Likewise,
a label may also capture important technical
features like the latency, jitters, etc. that might be
important for some consumers, expert analysis and
service offering comparison. Table 3 summarises
the essential ingredients covered by existing
broadband labels in the global market.

The following section covers global experiences
of conceptualising and implementing different
types of information disclosure mechanisms for
broadband services that have immensely
benefited consumers.

Global Experiences
As discussed in the previous section, CI�s
Standard Broadband Disclosure Statement Label
suggested to its member countries, a model for
information disclosure for internet services in
their country. The service providers may adopt it
as a voluntarily or mandated industry standard.

CI�s campaign �Holding Broadband Service
Providers to Account� encouraged service
providers and regulators of member countries to
use such information labels. Many organisations,
including CUTS International, India; IDEC,
Brazil; Consumer Council, Fiji; Kenya
Consumers Organisation; Colectivo Ecologista
Jalisco, Mexico; ADEC, Senegal and Consumers
Korea, etc. were involved in this campaign
during the period 2011-2013.

United States of America
The OTI �Broadband Truth-in-Labelling�
encourages service providers of US to present
information about their service packages in a
uniform format that enables consumers to better
understand and compare offerings from different
ISPs. Accordingly, in 2009 it came up with a
model label, which was subsequently updated as
time progressed.



Consumer Broadband Labels: Strengthening Disclosure and Transparency of Broadband Services in India 25

Broadband Disclosure Statement
(Consumers International)

Speed variations Guaranteed/
9pm-1am/other times/maximum
· Download Speed (Mb/S)
· Upload speed
· Responsiveness (latency in

milliseconds)

Reliability
Service level guarantee in
percentage

Service limits and conditions
· Usage cap (Mb per month)
· Limits when cap exceeded
· Services that are restricted
· Products bundled with this

service

Pricing
· Recurring (per month)
· Excess charge (per MB)
· Installation, Cancellation
· Any other fees

Other Information
· Service technology
· Privacy policy URL
· Acceptable use policy URL
· About this form

Fixed Broadband Labels(US-Federal
Communications Commission)

Choose your service data plan for:
· Monthly charge for month-month

plan
· Monthly charge for 2-year contract

plan

Other charges and terms
· Data included with monthly charge
· Charges for additional data usage
· Optional modem or gateway lease

� customers may use their own
modem or gateway

· Other monthly fees
· One-time fees

Government related taxes and other
applicable fees

Performance
· Typical speed downstream
· Typical speed upstream
· Typical latency
· Typical packet loss

Network Management
· Application specific network

management practices?
· Subscriber triggered network

management practices?
· More details on network

management

Privacy Policy

Complaints or inquiries

Broadband Truth-in-
Labelling Standardised
Disclosure(New America�s
Open Technology Institute)

Pricing
· Monthly recurring fee
· One-time required fees
· Conditional fees

Performance
· Speed
· Average speed during

peak hours
· Download
· Upload

Terms of Agreement
· Contract
· Privacy Practices
· Network Management
· Complaints Processing

Essential Ingredients in Existing Broadband Labels
(As extracted from respective labels)

Table 3
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Figure 5: Broadband Truth-in-Labelling Standardised Disclosure

Source: Emily Hong, Laura Moy, and Isabelle Styslinger, Broadband Truth-
in-Labelling: Empowering consumer choice through standardised disclosure,
New America�s Open Technology Institute (Jul. 2015). Accessible at: http://
snip.ly/nnu07z

In 2012, based on National Broadband Plan37 and also taking into
consideration the OTI campaign, the FCC issued its Open Internet
Study38 that recommended the adoption of a voluntary labelling
programme similar to nutrition labels. In the 2015 Open Internet
Order, the FCC enhanced the transparency requirements by
addressing the content and format of disclosures that broadband
providers were required to implement. In light of these developments,
the FCC involved the Consumer Advisory Committee (CAC) to
recommend a disclosure format, which was issued in 2015.

Based on the CAC
recommendations, the FCC
announced the templates for two
broadband labels on April 04,
2016 � one each for fixed and
mobile broadband � which
service providers could use to
supply consumers with
information about their services.
Fixed broadband service is
delivered through cables in a
closed environment and under
predictable performance
measurements, whereas mobile
broadband service is delivered
wirelessly in an open
environment where
measurements are challenging
and vary with topography,
infrastructure, number of
subscribers on a network node,
etc. Hence, it is important to
have separate labels for both
these services so as to justify the
comparison and measurements.
And to ensure these justified
measurements, label for mobile
broadband service would
capture unique parameters, such
as device compatibility, data
download speeds, etc.

When these templates were
released, the FCC stated that
service providers were free to use
a different format if it complied
with the rules, but using the
sample labels designed by the
FCC would be considered as a
�safe harbour� for demonstrating
compliance.
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By June 2016, none of the TSPs/ISPs or
organisations representing broadband service
providers complied with this recommendation and
exhibited reluctance39 to comply on voluntary
basis. Hence, the FCC independently collated each
detail that a TSP/ISP was expected to provide in
the above recommended formats. Thus, a proactive
step was taken to empower consumer choices for
high speed broadband Internet service. Service
providers argued that such resistance was because

Figure 6: Fixed Broadband Consumer Disclosure/Mobile Broadband Consumer Disclosure

Source: http://snip.ly/wvr9nc

of the fact that competition in the broadband
industry already ensured that they deliver more
to consumers than regulations would
accomplish.40

Among the many disclosure mechanisms being
implemented, the FCC has published rough
estimations for minimum download speeds of
several activities while accessing broadband
services, which are captured in Table 4:
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Box 2: A Model Proposed to FCC during a Discussion on Broadband Labels

Illustrative Label Models for Broadband Speed and PerformanceIn Example 1, consumers would
know maximum and average upload/download speeds, along with an aggregated QoS rating that
incorporates uptime, delay and jitter, as well as a list of standard applications which could be used
with that service. Example 2 includes only actual upload and download speeds along with a QoS
rating. Example 3 would create a weighted average �Broadband Quality Index� rating for a service,
from zero to five stars. This scoring system is similar to what was proposed by Cisco and Corning and
would evolve with interactions and discussions with consumer and industry groups.

FCC Estimations for Minimum Download Speeds of Online Activities

Activity Minimum Download Speeds (Mbps)

General Usage

General browsing and email 1

Streaming online radio Less than 0.5

VoIP calls Less than 0.5

Student 5 - 25

Telecommuting 5 - 25

File downloading 10

Social media 1

Watching Video

Streaming standard Definition Video 3 - 4

Streaming High Definition (HD) Video 5 - 8

Streaming Ultra HD 4K Video 25

Source: Broadband Competition and Innovation Policy, is accessible at: http://snip.ly/izfp40

Table 4
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Activity Minimum Download Speeds (Mbps)

Through its Annual Mobile Wireless
Competition Report, the FCC also published
the national download speeds attained every
six months, which is compiled using Ookla
SPEEDTEST Intelligence data. A recently
published graph in the report�s 20th edition is
shown below:

Video Conferencing

Standard personal video call (like skype) 1

HD Personal video call (like skype) 1.5

HD video teleconferencing 6

Gaming

Game console connecting to the Internet 3

Online multiplayer 4

Source: http://snip.ly/ydd5an

Figure 2: Growth of Broadband Subscribers in India: (256 Kbps or more)

Source: http://snip.ly/segnnc

The �Fixed Broadband Deployment Map�41 and
�Speed Test Mobile Application�42 are other important
transparency measures implemented by the FCC for
consumer welfare. At sub-national level, the West
Virginia Broadband Council proactively launched the
�Speed Test Portal�43 to encourage state residents to
test the speed of their Internet service to determine the
state�s performance in connectivity.44
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Figure 7: FCC Broadband Label for COX Communications &
Wide Open West (WOW) Cable (Drafted by FCC)

United Kingdom
In 2008, Ofcom,45 the UK�s communication
regulator, introduced a Voluntary Code46 that
encouraged ISPs to provide residential consumers
with more point-of-sale (POS) information on
expected speeds on broadband service. In
particular, the Code requires service providers to
furnish information on their access line speed. This
would ensure that consumers choose the most
suitable package based on their capacity and
needs. The Code applies to all fixed line access
broadband service providers who sign up to it.

The operation and application of the Code is
regularly reviewed by Ofcom in consultation
with signatories and others, primarily to ensure
its commitment to serve consumer interest and
reflect any new developments within the market.
Since the Code�s introduction in 2008, Ofcom
revised it in 2010 and then again in 2015,
based on mystery shopping research findings of
Code compliance measurement.

Source: http://www.broadbandsearch.net/page/broadband-facts-labels
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Overall, Principles of the 2015 Code (for
residential consumers) are as following:
Principle 1: Training
Principle 2: Information at POS and following the
sale
Principle 3: Accuracy of information on access
line speed provided by ISPs
Principle 4: Managing customers� speed-related
problems
Principle 5: Presentation of broadband
information on the website
Principle 6: Timescales
Principle 7: Monitoring of compliance with the
Code
Principle 8: Consumers� awareness of ISPs�
adoption of the Code

While the initial Code was for domestic
consumers, the Voluntary Code of 2016 was
specifically designed to provide UK businesses
with more accurate and reliable information on
the broadband speeds they should receive from
ISPs. The new Code applies to all businesses,
regardless of size, and to all standard business
broadband services across all technologies
(including Fibre to the Cabinet and Fibre to the
Premises services).

Overall, principles of this new 2016 Code (for
businesses) are:
Principle 1: Transparent and accurate information
on broadband speeds at point of sale
Principle 2: Detailed information after the sale
and on the website
Principle 3: Manage speed-related problems
Principle 4: Right to exit the contract without
penalty when speed problems cannot be resolved
and
Principle 5: Deliver objectives of the Code
through appropriate processes.

From March 01, 2019,47 Ofcom would be
implementing further improvements to these
codes with the following changes:
Principle 1: More realistic speed estimates at the
POS
Principle 2: Always providing a minimum
guaranteed speed and the right to exit connected

to this speed at the point of sale
Principle 3: Strengthening customers� rights and
extending the right to exit to bundled products and
Principle 4: Ensuring all customers benefit from the
codes, regardless of their broadband technology

In an ideal and advanced business environment, a
�Voluntary Codes� mechanism is the most favoured
approach for governance and responsibility
towards consumer. However, such an approach
may not be successful at all times. While the
Ofcom and ISPs have cooperated to implement a
voluntary scheme on automatic compensation for
delayed installation or restoration services,48 there
have been instances when regulatory agencies
came down hard49 at ISPs on advertising
misleading50 broadband speeds, impacting
household consumers.

Singapore
Infocomm Media Development Authority (IMDA),51

the telecom regulator of Singapore, has a different
approach on QoS management. Singapore ISPs
are required to submit quarterly reports on select
QoS parameters to IMDA, along with mandatorily
publishing accurate and complete information for
services they provide and advertise. This ensures
transparency on services offered and also
enhances overall consumer satisfaction.

The underlying principle of this entire mechanism
is based on the speed of Internet service
experienced by consumers. Such a mechanism
mandates ISPs to publish speed, service plan and
other details on their websites, digital and press
advertising materials, and any other publicity or
marketing materials. Publication requirement
details may be found on IMDAs website.52 All
TSPs/ISPs publish typical broadband Internet
download speeds that consumers are likely to
experience, in addition to the theoretical maximum
speeds.

In October 2015, IMDA launched the
IMConnected53 mobile application to understand
experience of mobile broadband consumers
through voluntary crowdsourcing mechanism.
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Since its inception, the IMConnected app has
captured tonnes of data points, which assist in
identifying areas with high utilisation as well as
potential cellular blind spots. The app results are
shared with TSPs to aid in enhancing mobile
coverage for consumer benefit.54

Australia
Australia Communications and Media Authority
(ACMA),55 the national telecom regulator,
developed a mandatory code of conduct in
2012, namely the Telecommunications Consumer
Protections (TCP) Code,56 to provide safeguards
for mobile, landline and Internet consumers as
well as giving telco providers� greater flexibility in
when and how key information is provided to
consumers. The Code conforms to the existing
Australian Consumer Law.

The TCP code requires telco providers to:
· provide clarity on services offered without

using confusing terms;
· provide unit pricing for calls, SMSes and

downloading 1 MB of data in
advertisements;

· provide a two-page document called the
Critical Information Summary, that
includes critical information on service,
pricing and complaints-handling, as well
as volumetric information so consumers
can easily understand how many two-
minute calls or texts they can make under
their plan and compare this value against
alternative plans;

· provide mandatory spend management
tools designed to avoid bill shock,
including alerts about their usage levels
and expenditure of data, calls and texts;

· have fair billing and credit management
processes;

· have effective and clear complaints-handling
processes, with urgent complaints to be
resolved within two days; and

· advise customers having difficulty paying
their bills or meeting unexpectedly high bills
about spend management tools, financial
hardship advice and options to restrict
services.

Australia has undertaken a massive upgradation
exercise of its nation-wide broadband network
from existing copper cables to advanced optical
fibre cables. The National Broadband Network
(NBN),57 touted as the biggest infrastructure project
in the country, has envisaged providing consumers
with faster broadband connections. This project is
closely monitored by the ACMA58 and the
Australian Competition & Consumer Commission
(ACCC),59 which has laid down several details and
information to assist consumers in moving to the
NBN network.60

Under this initiative, the ACCC provides details on
�Broadband Speeds� that helps consumers to select
a broadband service based on its busy evening
period performance. The ACCC has also issued
�Broadband Speed Advertisement� guidance,61

which all service providers must mandatorily
comply with.62 A proactive and positive impact of
these compliances, Aussie Broadband63 started
publishing its internal performance data (for last 24
hours) in the public domain to show when its NBN
services are getting congested.64



Labelling is an important market and measurement tool that
provides both consumers and industry several key benefits as
summarised in the Table below:

Benefits and Challenges of Labels4

Table 5: Key Benefits of Labels

Stakeholder Benefits

Industry · Ensures delivery of essential information
· Helps in benchmarking with competitors
· Acts as a means to justify price tag

Consumer · Encourages to make an informed decision on product/service purchase
· Product/service usage and safety information

Box 4: Case Study: Energy Saving Standards & Labelling Programme

In 2006, the BEE introduced the Standards & Labelling (S&L) Programme, which rated energy efficiency
of several electrical equipment and appliances using star labels. The objective of the programme was to
equip consumers with substantial information on these products and enabling them to make an
informed choice on efficiency and energy saving. The programme�s intention was to reduce the nation�s
overall energy consumption without diminishing the utility of such products for consumers.

Currently, the S&L scheme covers 21 equipment�s, out of which four are mandatory and 17 are covered
under voluntary scheme. According to BEE, the scheme successfully achieved the following benefits:

· It created a positive impact among consumers to purchase energy efficient equipment through a
structured awareness programme;

· Market transformation occurred from non-energy efficient products to energy efficient products;
and

· It resulted in reduction of capacity generation by 7766MW in the Planning Commission�s 11th

Five-Year Plan for the country.

With consistent efforts, BEE is bringing more equipment from the voluntary stage to mandatory stage.
The US Agency for International Development (USAID) had collaborated with the Ministry of Power and
the Bureau of Indian Standards (BIS) to research the design and effectiveness of the star label. The
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Challenges
As stated previously, of the total internet
subscribers in India today, close to 95 percent are
accessing the internet through wireless mode. In
other words, 3G/4G mobile broadband is the
prominent ways to access Internet in India, which
is assisted by growth in penetration of
smartphones. Given this scenario, development
and implementation of broadband labels is very
critical so as to protect consumer interest. However,
there are several challenges related to the
adoption of such labels:

1. Capacity & Awareness: There is lack of
capacity and awareness on such a
mechanism among decision makers,
policymakers, CSOs, TSPs/ISPs and
individual consumers.

2. Compliance Mechanism: The current
compliance mechanism, for ensuring better
QoS of wireless data, is being implemented
and governed by the TRAI through its six
regional offices across the country.
Considering the scale and magnitude of

USAID stated that this label design process was an excellent example of how to develop a relevant
national energy label and utilise considerable consumer sand stakeholder input.

Since BEE enjoys significant credibility among stakeholders, they showed significant interest in this
S&L programme. Reports indicate that several major appliance manufacturers participated in the
programme and continue to do so. In its Annual Report for 2007-2008, BEE noted that 80 percent of
refrigerator manufacturers, 90 percent of tube light manufacturers, and 80 percent of air conditioner
manufacturers participated in the programme. Studies carried out by BEE found that between 2009
and 2010, 4.4 billion kWhs of electricity was saved on account of the programme, and that between
2006 and 2011, the programme helped avoid 4,898 MW of new generation capacity addition.65

Effective outreach and awareness building have proven critical to the success of S&L programme in
India. Involvement of several voluntary consumer organisations in the programme created
remarkable positive impacts, particularly on consumer awareness. A World Resource Institute study
observed that participatory decision-making not only improves final decision of consumers, but also
builds their awareness and develops valuable knowledge and skill on a specific issue.66

As seen in the previous sections, broadband labels have the ability to offer several benefits for
consumers and service providers, some of which are captured in Table 5.

Table 6: Key Benefits of Broadband Labels

Stakeholder Benefits

TSPs/ISPs · Provides a platform to showcase better QoS & QoE numbers than competition
· Ensures compliance to regulations and creates a positive image
· Increases positive competition and transparency in the broadband

internet ecosystem

Consumers · Raises awareness on the nuances of broadband internet services
· Standard and simple information would assist in comparison, identify value-

for-money features and lead to better decisions based on usage habits.
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broadband Internet services and its ever-
increasing consumers, this mechanism is
unable to address QoS and QoE challenges.
As seen in the previous chapter, current global
experiences suggest that �Codes of Conduct� �
either mandatory or voluntary � have failed to
improve consumer satisfaction, while also
burdening the TSPs/ISPs with increased
compliances.

3. Label Information: Current information
disclosure guidelines have been insufficient in
making consumers more informed and
resolving their grievances. A major reason for
this information asymmetry has been the ever-
complex language and terms used, without
much efforts on capacity building. Moreover,
with absence of awareness and compliances,
some TSPs/ISPs may intentionally misrepresent
broadband Internet service performance in
order to bolster profits. What information goes
into a broadband label? Who takes this
decision? How to embrace future technologies
and innovation? How to make these labels
accessible to stakeholders? These questions
need speedy and definite resolution to move
ahead.

4. Opaque & Delayed Policies: This has been
a major challenge for many years. Vagueness
and delays in critical policies and initiatives,
such as the Right of Way Rules,67 the
BharatNet Project,68 revision of existing QoS
regulations 2012,69 cable broadband
penetration,70 high spectrum pricing,71 etc.
have further dented the �Ease of Doing
Business� efforts for the telecom sector and
overall broadband Internet service
performance of the country. This has pushed
the telecom sector in substantial financial stress
since last three years, with no immediate
respite in the near term.

5. Poor Connectivity: The above-mentioned
delays, coupled with multiplicity of authorities
in most infrastructure-related departments in
India at national and sub-national levels, have

led to significant gap in providing seamless
connectivity to Indian consumers, especially
those present in rural areas and difficult
terrains, such as forests, deserts, hills,
islands, international borders, etc.

6. Network Dynamics: Considering the
wireless Internet usage base, which accesses
internet in various dynamic environments,
such as indoors, outdoors, while travelling,
the mobile broadband network would throw
different performance metrics for the same
consumer in each of these environments.

7. Inclusivity: A label may only present the
most common parameters of a broadband
internet service that a consumer may
consider. This goes against the label�s
inclusivity as it may omit some attributes that
are suitable for a particular consumer
category.

8. Methodology Robustness: With most
consumers using mobile broadband Internet,
the methodology behind developing labels
would need to ensure that they are able to
capture QoS and QoE parameters in
�dynamic� conditions, such as in-building, in-
flight, on-road, national/international
roaming, highly secured locations,
international border areas, rural and hilly
regions with low network coverage.
Currently, there is less capacity to build such
a robust methodology. The TRAI MySpeed
mobile application is also plagued with this
issue, as it relies solely on crowdsourcing
framework to gather usage data from
smartphones, which is not robust and may
be misrepresented.

9. Lack of Frugal Innovation: There seems to
be over-dependence by the TRAI and the DoT
on TSPs/ISPs alone to improve the existing
QoS and QoE of broadband Internet services
in India. The ICT start-up ecosystem is
currently left out of the current discourses
and scope of stakeholder community.
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10. Current QoS Reporting of Wireless Data
Performance: This quarterly reporting72

includes only eight parameters to measure
QoS performance of wireless data, covers the
22 telecom circles but not specific locations or
cities, focusses only on outdoor network
performance, and is uploaded on the TRAI
website in PDF format using English language.
Such an approach has not been successful in
improving consumer awareness and/or QoS
of mobile broadband, even with nearly 95
percent user base.

11. The �Technology Disruption� Argument:
The telecom sector�s wireless data segment
has recently experienced technology
disruption with the advent of Reliance Jio in
2015 as the sole TSP using Voice over Long-
Term Evolution (VoLTE) technology for mobile

services. Further disruption in this segment is
expected through the BharatNet WiFi
network,73 increasing accessibility for more
consumers in the rural region of the country.
The TRAI is also facilitating this disruption by
running WiFi pilot projects74 to improve
internet access. While such disruptions have
been applauded by consumers, the
fundamental issue of quality remains to be
addressed. As seen in 2G/3G services also,
once there is a surge in subscriber numbers
and usage, network performance begins to
degrade leading to bad QoS and QoE.
Hence, arguments for technology disruption
and light-touch regulations are quite
prominent in public forums, assurance and
strict adherence to achieving QoS and QoE
performance seem to be missing.



The TRAI has given directions
as well as taken initiatives
to enhance transparency

and empower consumers with
respect to information disclosure
for broadband services. The TRAI
also initiated a public
consultation in June 2017,
entitled, �Data Speed under
Wireless Broadband Plans�, to
explore the possibility of speed
governance and information
disclosure of wireless data
speeds of broadband Internet
services, and whether services
should have a standard label to
empower consumer choice and
increase their awareness.75 But
much more ground needs to be
covered, with cohesive efforts, to
create more impact.

To facilitate this consultation
process and the research
agenda, CUTS International and
its regional partners organised
seminars and FGDs across the
country,76 which were well-
attended by relevant
stakeholders, including
consumers. These interactions
revealed that most consumers
appreciated the utility of
broadband labels and
demanded several parameters,
such as reliability, coverage

information, QoS metrics at city-
levels, as additions to the
proposed prototype labels (as
shown in Annexure I). During
these discussions, it was also
realised that most consumers
were unaware of key information
on network performance, such as
bandwidth and latency, and
compared a broadband internet
service purely on price per
gigabytes (GB).

Together, the regulator, the
broadband industry, CSOs,
academia and other stakeholders
have started to engage and
discuss the subject through this
consultation process. However,
insufficient consumer awareness
and poor infrastructural
development within the
broadband sector are primary
roadblocks for India to come up
with strong disclosure statements,
such as in Australia, UK or US.

Therefore, there is an urgent
need to raise awareness and
build capacity across the
stakeholder communities, to
propel the development of a
standard disclosure mechanism
as well as labels for broadband
services. Once a sustained
increase in awareness and

Conclusion & Recommendations5
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subsequent demand from consumers is generated,
it is expected that TSPs/ISPs would voluntarily
create such tools to showcase their strengths on
QoS and QoE, as compared to competition. In the
long run, this would inspire a change in the
behaviour of TSPs/ISPs, who will certainly see the
value and demand for such a practice.

However, ensuring the right mix of stakeholder
representation in such activities would be
fundamental. It is hoped that details covered in this
Research Report would serve as an informative
resource and help stakeholders in India to move
forward, with firm steps, in defining contours of the
safe harbour in greater detail. Furthermore, it is
anticipated that related existing and future activities
will ultimately empower broadband Internet
consumers in India and, perhaps in turn, spur more
competition in the broadband Internet market.

Recommendations
1. Capacity-Building of CSOs: CSOs should be

thoroughly sensitised on the subject as most of
them lack the capacity to understand the
complexity and technicality of broadband
services, as they will be eventually advocating
with regulators and educating consumers. In
US, strong pressure from a think tank forced
the FCC to come up with a model label,
despite stiff resistance from TSPs/ISPs.
Academia and prominent technical institutions
would also play a critical role in enhancing
the capacity and knowledge of CSOs.

2. Awareness Campaigns: There would be a
need for a concrete and coordinated effort for
an awareness campaign once a broadband
label is developed. All relevant stakeholders in
the value chain � decision makers,
policymakers, TSPs/ISPs and CSOs � must
equally and consistently contribute towards
efficient and effective implementation of these
campaigns. The TRAI has already created an
outreach web page, which may be harnessed
for such awareness campaigns.

3. Compliance Mechanism: Effective
monitoring system must be adopted for this
labelling programme to succeed. An
effective institutional structure must be
designed to include national, state and local
administration for speed governance,
implementation, inspections and overall
compliance. Also, a continuous evolution of
standards, prescribed in labels and
information disclosure, would be required to
keep up with development and innovation of
technology needs.

4. Label Information: Broadband labels that
provide highly technical, trivial or irrelevant
data information do nothing to help improve
consumer�s knowledge. Ambiguous and
vague terms such as �up to� must be
completely avoided. When claims are used
consumers will become confused,
discouraged, and sceptical. These labels
need to be designed in a way to display
complete information in a standard and
simple format that may also adapt to local
language requirements. Use of visuals, icons
and voiceover instead of text, would have a
greater impact on various sections of the
society, including the specially-abled, and
enable them to have equal access to such
labels.

5. Placement of Labels: Such broadband
labels may be mandated to be placed on the
TSP/ISP�s website, TRAI�s consumer outreach
website and MySpeed app, at the point of
sale in TSP/ISP outlets as well as third-party
multi-brand retail stores and shops, on
monthly bills and notifications sent to
consumers, etc. Such labels may also be pre-
loaded through a mobile app on Internet-
enabled computing devices sold within India.
While the primary label may remain
dynamic to maintain accessibility on devices,
the same label may be developed in static
form � posters, hand-outs, etc. � periodically
at multiple consumer touch points.
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6. Inclusivity: Creation of various consumer
profiles who access broadband Internet
services, such as business professional,
homemaker, student, gamer, tech entrepreneur,
policy maker, service provider, etc. would aid in
making different and more inclusive labels.

7. Phased Approach: Lessons could be taken
from the BEE label design process, which is an
excellent example of how to develop a national
label and utilise considerable consumer and
stakeholder input. BEE used a phased-approach
mechanism to first implement Star labels on a
voluntary basis, and once the sales of a
particular appliance crossed 50 percent,
labelling on that appliance was made
mandatory. Similar approach to ensure active
consumer adoption of broadband labels may
be explored by the TRAI as a pilot project in
few telecom circles to begin with.

8. The NDCP 2018:77 The policy, expected to be
announced in July 2018, provides an excellent
opportunity to all stakeholders to focus on
QoS78 and work cohesively79 to ensure efficient
implementation and streamlining of various
initiatives. The policy also aims to include other
technologies, such as satellite communications,
start-ups, etc. in improving connectivity,
network performance and providing more
clarity to TSPs/ISPs.

9. Innovative Tools: Currently, the TRAI�s
MySpeed App measures QoS & QoE in terms
of the speed only. There is a need for an
application/website that gauges broadband
internet services on a number of QoS & QoE
parameters. Such tool will help consumers in
determining the delivered QoS & QoE levels.
Such an app/website would need to be
integrated to a mechanism that regularly
monitor the measurement of network data and
associated QoS metrics. Start-ups, MSMEs and
other third-party application developers may be
incentivised to work in tandem with TSPs/ISPs
and contribute in this monitoring exercise

providing support on measuring �dynamic�
parameters, such as power and memory of
end user devices, network congestion,
spectrum shortage and range limitations of
access networks and backhaul bandwidth
constraints, etc.

10. Frugal Tools: While innovation will surely
benefit in ensuring robustness, it is also
important that the developed applications are
certified in the Indian context. This would
help developers to be more aware of
limitations and constraints of Indian telecom
networks while building and optimising these
apps. Emphasis should also be laid on
removing any related bottlenecks so as to
enable �frugal development� of apps that
enhance the broadband labels and the
overall information disclosure mechanism.

11. Amendments to existing QoS Regulations:
The current QoS reporting and disclosure
mechanisms governed by the TRAI (covered
in Section 2 above), do not take into account
many critical QoS and QoE parameters,
which are readily available with TSPs/ISPs.
Hence, it is crucial for such reporting to be
more granular and include as many
available parameters as possible. It is a
known fact that TSPs/ISPs conduct their own
tests to check network performance, while the
TRAI also conducts independent drive tests at
various locations. However, both tests must
also gauge metrics, such as handover of IRAT
frequency, which significantly impact the
utility and may be further improved through
better configuration. Instead of aiming for
�averages�, these tests must assess the
diversity of network performance to get better
sense. Doing these tests in more locations will
also factor in the redundancy, in case other
networks malfunction. Such amendments
would immensely benefit the regulator in
getting a better sense of the variation in
performance across different locations.
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1. QoE of Popular Services and Applications
Global adoption of mobile devices has created an unprecedented
demand for access to e-commerce, social media and entertainment
applications. This has not only increased the amount of mobile
broadband traffic transported by carrier networks, but also
transformed its composition; mobile traffic that was traditionally
voice-only is now dominated by video and data owing to
applications like video streaming, Facebook, Twitter and mobile
browsing. This trend continues to increase as variety and number of
applications and services increase, with growing subscriber-base.

In light of these trends, network operators need to configure and
provision their networks in a way that provides a satisfactory and
competitive end-user experience for a diverse set of applications. The
concept of QoE, therefore, presents a new guiding paradigm for
managing quality in cellular networks, because it allows operators to
gain insight into contribution of the network�s performance to overall
level of customer satisfaction for different kinds of applications.

In order to deliver a high QoE, it is important to know the network
parameters that contribute to user�s perception of quality. For
example, video streaming applications, such as YouTube are
bandwidth intensive, file sharing with Whatsapp requires high speed
connection whereas interactive applications, such as Skype,
Facebook, and Google Maps are highly sensitive to network delay
and delay variations.

This note presents secondary research results obtained from lab tests
and field trials that show the relationship between QoE and QoS for
different kinds of applications. The results presented in this note
provide a sound basis for a better understanding of the QoS
requirements of popular services and mobile apps, and how these
translate into QoE for users.

Impact of QoS on QoE80IIAnnexure
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2. Impact of Bandwidth on the QoE of Popular Applications
This section presents the QoE of popular applications measured against various constant download
bandwidth (BW) conditions. The results presented in this section are taken from the study conducted by
P.Casas, et al in.1 QoE values were obtained by conducting subjective tests in controlled laboratory
environment. Different constant bandwidth profiles were defined using NetEm emulator. Field trials were
also done in the city of Vienna to obtain the QoE values in actual operational networks. The laboratory
test results were then compared to field trial measurements. It was shown that laboratory results were
highly applicable to real networks. The results of their study are presented below:

For Standard Case (Fixed HD)

1) Poor QoE below 4 Mbps
2) 1 mbps Heavy stalling occurs
3) 2 mbps-Some stalling occurs

For DASH version

1) Resulted in near optimal QoE for all cases
2) No stalling seemed to occur
3) Quality switches induced by DASH do have

an important impact on QoE. However, in
case of Smartphone, smaller screen size does
not affect user perception

QoE of YouTube
Two versions of YouTube video streaming were considered the following:

1) Standard: Fixed HD video quality is used.
2) Dynamic Adaptive Streaming (DASH): Videos are requested in HD quality, but the server adapts the

subsequent video quality resolutions to the BW estimated by player)

YouTube QoE Mean Opinion Scores (MOS) were measured for a Downlink Bandwidth of 1, 2 and 4
Mbps.
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QoE of Google Maps

Google Maps QoE (MOS) measured for
Downlink Bandwidth of 1, 2, 4, 8 and 16
Mbps

1) 4 Mbps ~ resulted in near optimal QoE
(4.3 MOS)

2) 2 Mbps ~ provided good enough quality
and almost full acceptance (4.1 MOS)

3) 1 Mbps ~ gives poor user experience

QoE of Facebook

Facebook QoE (MOS) measured for
Downlink Bandwidth of 0.5, 1, 2, 4 and 8
Mbps

1) 2 Mbps ~ full acceptance (very good
QoE ~ 4.2 MOS)

2) 1 Mbps ~ almost full acceptance (good
enough ~ 4MOS)

3) 500 kbps ~ not high enough to reach
full user acceptance - 80 % acceptance
(fair ~ 3 MOS)

QoE of Web Browsing

Web Browsing QoE (MOS) measured for
Downlink Bandwidth of 0.5, 1, 2 and 16
Mbps

1) 2Mbps ~ Good experience (4 MOS
approximately)

2) Above 2 Mbps only slight difference
(4.15 MOS)

3) Even Slowest tested condition had MOS
3.5 and 90% acceptance rate.

QoE of Whatsapp

Whatsapp QoE (MOS) measured for
Downlink Bandwidth of 0.5, 1, 2, 4 and 16
Mbps

1) 4Mbps ~ Near optimal QoE (~4.3 MOS)
2) 2Mbps ~ Good Experience and high

acceptability (3.7 MOS)
3) Below 2Mbps QoE degrades, very poor

for 500 Kbps
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3. Field Trial Results: QoE for Facebook, YouTube and Google Maps
Similar tests were performed in city of Vienna where all ISPs had good network coverage. The
participants logged their QoE feedback on an android-based application designed specifically for this
purpose. The curves of MOS measured against mean flow throughput (MFT) of session are presented
below:

QoE of YouTube

1) MFT >5Mbps ~ Good QoE (MOS>4)
2) MFT between 1-4Mbps ~ Fair (MOS

between 2-5)
3) low MFT ~ Poor QoE (MOS 1)
4) Logarithmic relationship observed

between MFT & QoE
5) The results are very similar to ones

observed during laboratory study.

QoE of Google Maps

1) MFT >2Mbps ~ Good QoE (MOS>4)
2) MFT <1 Mbps ~ QoE rapidly

degrades
3) Logarithmic relationship observed

between MFT and QoE
4) The results are aligned with MOS

and DBW curves obtained in the lab
study.

QoE of Facebook

1) MFT >1Mbps ~ Good QoE (MOS>4)
2) MFT <0.5Mbps ~ Poor QoE (MOS 1 or

2)
3) Logarithmic relationship observed

between MFT and QoE.
4) The results are aligned with MOS and

DBW curves obtained in the lab study.

The obtained results suggest that a downlink bandwidth of 4 Mbps is good enough to reach near optimal
results in terms of overall quality and acceptability for YouTube when accessed in smartphones. This
threshold drops to 2 Mbps and 1 Mbps for Google Maps and Facebook apps respectively. As a
consequence, network operators should target such downlink bandwidth thresholds for provisioning their
access networks. Given these requirements, resources could be re-allocated or scheduled to manage the
network more efficiently while avoiding over-provisioning and maintaining high QoE.



46 Consumer Broadband Labels: Strengthening Disclosure and Transparency of Broadband Services in India

4. Impact of Bandwidth Fluctuation and Outages on QoE
While download speed or throughput are the most widely used and accepted metrics for measuring
network performance, their average values fail to capture transient network behaviours. The main
limitation of quantifying performance indicators in terms of averages is that it assumes that QoE and user
perception are influenced by average stimulus and not volatile and transient network conditions.

In the case of mobile networks, bandwidth variations are common due to radio access technology
handovers, interference, and dynamic cell load. Throughput fluctuates as a consequence of these
bandwidth variations. Some of the applications are highly sensitive to these throughput fluctuations like
interactive applications, such as web browsing, video and voice calling suffer more from such fluctuations,
but there is no significant impact in the case of file transfers.

The above fact has been shown by P .Casas, et al.2 The impact of throughput fluctuations and outages on
QoE was studied for the case of popular mobile applications, such as Google Maps, YouTube, and Web
browsing.

Tests were conducted for given BW fluctuation profiles, but keeping a fixed average download bandwidth
(ADW). Results of their study are given in the Table below.
Profile 1: 1/3 �periodic increase from 1 Mbps to 3 Mbps. {ADW 1.5 Mbps}
Profile 2: 4/0 � periodic drop from 4 Mbps to 0 Mbps. {ADW 2 Mbps}
Profile 3: 7/1 � periodic drop from 7 mbps to 1 Mbps. {ADW 4 Mbps}
Profile 4: 16/0 � periodic drop from 16 Mbps to 0 Mbps. {ADW 8 Mbps}

Impact of DBW fluctuation on QoE of Google
Maps

1) Tested with 16/0 (ADW-8Mbps) and 4/0
(ADW-2Mbps) outage profiles.

2) These profiles caused a very strong QoE
degradation (MOS ~2.6, acceptance rate 65%

3) Quality degradation caused by 7/1 (ADW
4Mbps) is very much noticeable. (MOS 3.5)

4) Contrast with constant DBW case � Constant
2Mbps case Google Maps resulted in near
optimal QoE(MOS>4)

Impact of DBW fluctuation on QoE of web
browsing

1) Tested with 4/0 profile (ADW- 2Mbps)
2) Fluctuation profile resulted in much degraded

performance (as compared to constant 2 Mbps
case).

3) Acceptance rate dropped down in fluctuation
case.

4) Impact of outage was less strong in case of
web browsing (less interactive application).
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These findings have four major implications for
the cellular network operators: First, it showed
that faster and more responsive cellular networks
should not be the only guidelines to be accounted
for when designing and provisioning networks,
but stability in terms of bandwidth should be a
concern as well; Second, when it comes to
monitoring and measuring throughput in today�s
cellular networks, operators should realise that
traditional Key Performance Indicators (KPIs)
based on average throughput are not as
informative as have been assumed so far, and
that operators should evolve their monitoring
systems to capture such fluctuations. Third, even
short-duration bandwidth outages (i.e. drops to 0
Mbps for some milliseconds) have a major
negative impact on end-user experience. Fourth,
higher peak download bandwidth does not
compensate for impact of outages.

5. Going from QoS to QoE
Quantifying the QoE-QoS relationship is
extremely important. A great deal of research is
geared in particular towards identifying the
correlation between individual QoS parameters
and QoE. The following Table gives an overview
of generic relationships that have been
extensively studied in literature.

M. Fiedler, et al3 presented fundamental
relationships between QoE and QoS, formulating
partial differential equations to describe changes in
QoE with respect to specic QoS parameters.
According to Fiedler, user-centric approach
towards modelling QoS-QoE correlation leads to
an exponential relationship (IQX hypothesis)
between QoE and QoS. The next section gives an
overview of QoE requirements of various types of
services.

QoE of Video

Video streaming applications, such as YouTube are
widely used in delivering stored multimedia
content. Unlike other User Datagram Protocol
(UDP) based services, these applications make use
of Hyper Text Transfer Protocol (HTTP) over
Transmission Control Protocol (TCP) for streaming
videos. The reliability of TCP ensures that the video
quality is not degraded due to packet loss and
reordering. However, these network impairments
may result in reduced throughput and if throughput
falls below the playback rate, the video playback

Impact of DBW fluctuation on QoE of YouTube

1) YouTube DASH*version was tested with 4/0
profile (ADW-2Mbps).

2) DASH version kept offering good results.
3) However acceptance rate slightly dropped (as

compared to constant 1Mbps case) probably
due to additional quality switches triggered by
fluctuations.

4) As far as bandwidth outage is concerned (0
Mbps for 10 second), DASH version too
suffered from QoE degradations (probably due
to absence of pre-emptive caching).
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gets paused, resulting in stalling. Network delays
due to congestion may also lead to stalling events
that may degrade QoE to a great extent. QoE of
such applications primarily depends on the initial
buffering delay, duration of stall events and
frequency of stalls. Indeed, QoE exhibits
exponential dependence on frequency of stall
events.

A study conducted by R.K.P Mok, et al4 showed that
packet loss rate and packet delay are dominating
factors affecting video QoE. Their findings
suggested that throughput is lowered by packet
losses and Round-trip Time (RTT), thus increasing
the re-buffering frequency, the main factor
responsible for MOS variance.

Another study was conducted by R Laghari, et al5

for video streaming applications that are based on
UDP. Packet loss has been shown to follow an
exponential relationship with respect to human-
perceived QoE. Their findings suggest that viewers
are critically responsive to packet loss higher than
7 percent. Similarly, packet reordering ratio
exhibits exponential interdependency with QoE.
Video bit rates, on the other hand, have been
shown to share a logarithmic relationship with
QoE.

QoE for video conferencing applications is also
influenced more by packet loss as compared to bit
rate. QoE declines exponentially with increasing
packet loss; where as it grows logarithmically with
increasing bit rates. These results can serve as
guidelines for obtaining more generic and
application specific QoE from QoS parameters.

QoE of Audio/Speech

Voice over Internet Protocol (VoIP) telephony is
emerging as a strong competitor to existing
telephone networks. Studies have been done to
investigate the impact of QoS parameters, such as
network delay, packet loss, packet reorder and
throughput on QoE. Apparently, QoE of VoIP
applications is influenced more by packet loss as
compared to encoding bit rate. It has been shown
that for VoIP traffic, packet loss and packet reorder

degrades QoE in an exponential manner.6 Also,
QoE degradation caused by increased packet
loss is much higher than QoE degradation
caused by reduced bandwidth which shares a
logarithmic dependency with QoE.7 This follows
from the fact that applications, such as skype
adapt themselves to lower bandwidth conditions
by switching to appropriate codec in order to
maximise its own QoE.

Network Delay and jitter have the utmost impact
on interactive applications. As per the ITU-T
Recommendation G.114, network delay from
sender to receiver must be lower than 150ms to
avoid loss of interaction between end-points in a
conversation. In8 the authors showed that the
effects of packet jitter on the experience quality
are similar to those of packet loss. This is because
the packets that do not arrive on time are seen as
lost information by the decoder at the destination.
Consequently, these two have striking impact on
QoE.

QoE of Web Applications

Web applications are becoming indispensable on
both fixed and mobile networks. Web traffic
contributes a major part to the overall Internet
traffic.9

In contrast to the domains of audio and video
quality, where psycho-acoustic and psycho-visual
phenomena are dominant, end-user waiting time
is a key determinant for Web QoE10. The longer
users have to wait for the web page to load, the
more dissatisfied they tend to become with the
service. Studies have shown that Page Load Time
(PLT) is the key parameter that governs the user
Web QoE11. QoE drops remarkably as the page
load time increases; and as PLT goes beyond 2
seconds, any further increase result in
exponential decay in MOS.

In addition to the above factors the ease and
smoothness of browsing depends on a range of
factors. In particular, large packet delays or low
bandwidth are well known to cause long loading
times of objects and thus unacceptable
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completion times of page views. Moreover, mobile
broadband networks are susceptible to failures
and transient outages; mostly due to mobility and
configuration issues. Resource allocation related
issues in high network load conditions further
aggravate the problem and deteriorate the QoE.
The transient failures result in ON and OFF phases
giving rise to delays and increased waiting time
for users.

A study conducted by R. Schatz, et al examined
the impact of network downlink bandwidth on web
QoE. The results showed that the network
bandwidth shares a logarithmic relationship with
QoE. The QoE ratings are fairly poor for very low
downlink bandwidth conditions (32, 64 kbps), it
rise logarithmically with increasing bandwidth and
go into saturation (4.3 MOS) for high values of
bandwidth.

Balachandran, et al12 explored the influence of
signal-to-noise (SNR), network load and Inter-
Radio-Access Technology (IRAT) handovers on web
QoE. Their results showed that Web QoE is very
sensitive to IRAT handovers. They also showed that
improving SNR, decreasing network load and
reducing handovers can improve user experience.
The findings further proved that very high radio
data link rate does not necessarily lead to
improvement in Web QoE.

The above results are in line with another study
conducted by J. Sheikh, et al13 which presented a
correlation between user perceived QoE and
network level QoS parameters including loss ratio,
download time and throughput for web surfing
services. The download time was shown to follow
exponential relationship with QoE, while
throughput and loss ratio were found to have
logarithmic and linear relationships with QoE
respectively.

QoE of Online Gaming Applications

The key property of online gaming applications is
that they involve different types of multimedia,
including audio, video and voice with multiple

players in different locations. Typically, online
games mostly use User Datagram Protocol (UDP)
as the transport layer mechanism because of
their stringent latency requirements. Gaming
traffic is typically characterised by its high
periodic nature between the clients and the
server, so as to keep the clients synchronised and
updated with the continuous changing state of
the game.

Two quality factors that influence gaming
experience the most are �interactivity� and
�consistency�.

Interactivity refers to the responsiveness to actions
from specific players. The QoS parameters that
have greatest influence on interactivity include
network end-to-end delay and jitter. The
experiments conducted in14 shows that jitter have
higher influence than delay for first-person
shooting type games.

Consistency has two broad components �
temporal and spatial. Temporal consistency
accounts for time synchronisation between
different multimedia streams, while spatial
consistency involves maintaining the same state
in different player locations. This too is affected
heavily by delay and jitter in the underlying
network.

Impact of Content Delivery Networks (CDNs)
on QoE

A large portion of today�s traffic is hosted by
CDNs that act as basic building blocks of today�s
Internet infrastructure. Most popular Internet
services, such as YouTube and Facebook are
backed by large CDN providers like Akamai and
Google CDN. The basic goal of CDNs is to push
data as close to the user as possible in order to
improve overall performance and enhance QoE.
Highly distributed server deployment and
adaptability of CDNs allows them to achieve load
balancing, reduced latency and high availability,
however at the same time they pose important
challenges to the ISPs.
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A study presented by D. Alconzo, et al15 revealed
that cache selection policies used by CDNs may
lead to large fluctuations in traffic volume. The
unexpected load balancing events may cause the
data to be carried through different network ISP
paths and may result in additional transport cost
to ISPs as well as service outages.

Further experiments done for the case of YouTube
showed that the undesired cache selection and
load balancing policies (employed by YouTube
CDN) lead to a significant drop in average
download throughput for end users watching
YouTube videos. This effect had a strong impact
on QoS experienced by users.

In the above study, transient server failures of
Akamai CDN were shown to cause Facebook
service outages as well. In the given scenario,
standard network monitoring procedures used by
service providers must be complemented with
verification of the status of services being
accessed by users.

5. Obtaining QoE from QoS
Parameters in Mobile Networks
The studies presented above substantiate that QoE
ratings can be obtained from QoS parameters. In
order to translate network-centric QoS parameters
to QoE, network-side passive measurements must
be complemented with measurements obtained
from UEs to capture the overall end-user
experience. In such approaches, measurement
agents might run on end-user devices and perform
both active and passive measurements in real time.
Collecting measurements from end-user side allows
both user profiling and user-centric network
planning, monitoring, provisioning and
optimisation.
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