KEARNEY

Viable Future Model

or the Internet

P7R



CONTENTS

Executive SUMMANY. . . . . . . . . oo i i 1
1. Infroduction . . . . . .. .. .. e e 4
2. Overviewofthelnternet . . . . ... ... . ..... ... .. .« . ... 5
2.1. Descriptionofthe ValueChain. . . . .. ... . ... . 5
2.2. Structure oftheInternet . . . . . . . . . . B

3. Pressuresonthelnternet . . . .. ... .. ... ... . ... i 9
3.1. Performance Pressure . . . . . . .. . e 9
3.2. Economic Pressure . . .. .. .. e e 13
321 Structural Problem. . . . . .. . . e 13

322 InvestmentRequirements. . . .. .. .. .. 15

3.2.3 Ongoing Traffic Growth in Existing Fixed Networks . . . . ... .. .. 15

3.24 Ongoing Traffic Growth in Existing Mobile Networks . . . . .. .. .. 18

325 TheCaseforFibre . ... . . . . . i i 21

326 Profitability of Investment in New Network Capacity . . . ... .. .. 21

3.3. PolicyPressure . .. .. ... . ... 22
34, ConcluSions . . . .. v i e 24

4. Alternate CommercialModels . . . . ... ..... ... ... ... ... 25
4.1. Modification of Retail Pricing Schemes . . . . .. ............... 25
4.2. Traffic Dependent Charges for All Traffic. . . .................. 29
4.3. Enhanced Quality Services over the Public Internet . . . .. ......... 34
4.4. Enhanced Quality Services Based on Bilateral Agreements. . . ... .. .. 37
45. SummaryEvaluationof Options . . . . ... ... ... 40

B, Conclusions . . . . ... ... i e 43
Appendix (Report Methodology) . . . .. ................ ... ... 45
BlOSSAMY. . . . . ot it 48

P78



Executive Summary

The Internet is playing an increasingly important
role in the lives of people around the globe and
more than ever underpins a significant portion of
economic activity. Within its shorr lifespan it has
already delivered huge cconomic and social benefits
in the form of reduced transaction costs, increased
competition and lower prices for many goods and
services while offering greater access to information
and a whole new means of communication, educa-
tion, information, commerce, political debate and
entertainment. Yet this report makes clear that for
growth to continue, the next few years must sce a
realignment of who captures the value and who
funds investment in the Internet value chain.

Given its economic and social importance, it
is no surprise that the Internet has a political
dimension. Most governments and regulatory
authorities see wider Internet access as something
to be encouraged and promoted; some are consid-
ering subsidising services that would not be com-
mercially viable to ensure that 100 percent of their
population has access. Debate has also extended
into the question of what constitutes a “level play-
ing field” for competition and the right model to
govern consumer and property rights. There is a
widespread expectation among policy makers and
the wider public that the Internet will continue to
function well and support future growth. That
expeciation will be disappointed without signifi-
cantly higher levels of investment; however, such
investments will not materialise without changes
in the economic model.

Recent traffic growth. figures and mid-term
forecasts for future growth are impressive but raise
serious challenges regarding the viability of the
current Internet model in the future. Internet traf-
fic delivered via fixed networks is growing at 35
percent p.a. and via mobile networks at more than

100 percent, all underpinned by new, more capa-
ble devices and new high-bandwidth services
unleashed by a fresh wave of innovation. Above
all, video content is having a dramatic effect on
Internet usage. Yet the Internet risks becoming a
victim of its own success as this video traffic, much
of it free to the end user, threatens to swamp avail-
able network capacity and cause unacceptable
levels of congestion for users of all services.

Technology can again provide part of the
solution, both in terms of higher capacity net-
works and greater use of traffic management tech-
niques including compression and caching. This
will not be sufficient because of two cumulative
effects. First of all, there are limited economic
incentives for Online Service (or “Over the Top”)
Providers to use network bandwidth efficiendy.
Secondly, the investment case for such solutions is
currently weak, because of a structural disconnect
in the Internet value chain.

As this report explains in some detail, those
who benefit from higher traffic volumes are those
who generate traffic (typically content sites) and
those who consume it (typically end users). Those
who have to build and operate the networks
required to carry these traffic volumes earn almost
no revenue from the former group and are often
focked into flat rate price schemes with the latter
group, continually decreasing because of retail
competition. Economists often refer to such “two-
sided markets” in terms of virtuous cycles, where
cach side pays enough for the entire market to
grow to everyone’s benefit. Because of the discon-
nect between sources of revenue and sources of
cost in the Internet today, however, this two-sided
market is simply squeezing value out, undermin-
ing future investment and the associated benefits
of growth and innovation.

If networks were upgraded to address the
forecast capacity needs to 2014 with no new price
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signals or increase in revenues, we forecast that
network operators would see their returns on cap-
ital decline by 3 percentage points to around 9 per-
cent and potentially as Jow as 7 percent. This is far
below their cost of capital under any normal sce-
nario and incidentally far below the returns enjoyed
by the Online Service Providers that are creating
demand and generating high-traffic volumes.

Maintaining current fevels of returns in the
telecommunications networks (or “Connectivity”
sector) while investing to maintain current net-
work performance in Europe would require
additional revenue of €28 billion per annum by
2014 to justify the necessary investments in fixed
and mobile networks. This is about 10 percent
of the total telecommunications market today.
Considering the backdrop of declining revenues
from traditional services (especially voice) and
intense competitive and regulatory pressure, rais-
ing additional revenue of this order of magnitude
will be a challenge. Our analysis, detailed in Section
3 and the Appendix, considers only the incremen-
tal investment needed to maintain current perfor-
mance levels in fixed and mobile networks as traffic
levels rise. There is a separate discussion for the
longer term about the deployment of fibre to the
home (FI'TH), which would enable new, even
higher bandwidth services. Although, of course,
the value chain will also need to provide a sustain-
able revenue base for this investment.

There are 2 number of possible options for
new models that may rectify the problems
described and ensure adequate capacity increase
to sustain the correct functioning of the Internet
to the benefit of all:

+ Modification of retail pricing schemes: Increase
end user prices, with a likely expansion of vol-
ume-dependent pricing to impact heavy users

* Traffic dependent wholesale charges: Introduce
a reasonable traffic conveyance charge ai the

wholesale level, which would constitute an
increase over current transit pricing but still rep-
resent a tiny fraction of the market price for
legitimate high-bandwidth content
¢ Enhanced quality services over the public
internet: Deploy widespread, standards-based
differential quality of service, with commit-
ments of higher performance charged at a pre-
mium to Online Service Providers that need
and request this; revenues cascade down the
value chain, reimbursing those whe invest to
enable higher service levels
s Enhanced quality services based on bilateral
agreements: Ensure further evolution of the
market (as has already started) via a series of
bilateral commercial arrangements operating in
parallel to the current Internet model and
addressing the needs of high-bandwidth users,
freeing up capacity for others
For each of these options, charging models
could relate to total traffic (2 certain price per giga-
byte), to certain types of traffic (based on quality of
setvice needs), or to certain types of providers
(based on their business model and willingness to
pay). The structure and level of such charges would
evolve under regular competitive forces to reach
market equilibrium as in other two-sided markets.
Section 4 of this report demonstrates that no
single solution can solve all the structural issues.
Instead we expect the right answer for the industry
to be a hybrid of these different options. Each
option has its own merits but it is too early to dic-
tate which should succeed and which, if any, should
be discarded now. We therefore consider it impor-
tant that policy makers not restrict the process of
innovation and competition by which a more
viable commercial model for the Internet emerges.
In our evaluation of the options outlined, we
have considered the impact on the wider ecosys-
tem, on those businesses and individuals who use
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the global reach of the Internet every day to find
a market or a community. The only negative
impact identified would be for those who offer
extensive volumes of free video with no legitimate
commercial model—often, though of course not
always, pirated content. In our opinion, it is not
worth choking the Internet for this.

We have also considered the
implications for competition and
the correct policy response to each
option. On balance, A.'T. Kearney
would argue that all participants in
the Internet value chain should con-
tinue to have the flexibility and free-
dom to devise and test new business
models in the market. Imposing any
specific option, or forbidding one or
more, risks preventing the Internet
ecosystem from finding efficient
solutions to the current structural
problems and therefore hindering
customers from enjoying high quality, innovative
services. Fxisting general competition law should
be sufficient to deal with any potential anti-com-
petitive behaviour that may arise if players with
significant market power in any sector of the
Internet value chain attempt to abuse that power
in changing economic terms to achieve an unfair
advantage.

The future model of the Internet is an area of
legitimare policy interest for 2 range of social and
economic matters. Our research suggests that so far
too litdle attention has been paid in the policy
debate to the core issue described here: how to fund
the required investment while a structural discon-
nect distorts investment incentives. We hope that

this report helps shift the attention. Some recent
debate on Internet policy has not been helpful
in this regard: for instance, 2 misguided belief that
the Internet—or even fundamental principles of
free speech and free enterprise—would suffer from
the introduction of more balanced and rational

For Internet growth to continue,
we must see a realignment of
who captures value and who
funds investment in the Internet

value chain.

charging and traffic management principles. The
opposite is true: without clearer economic incen-
tives, congestion will choke off innovation and
usage. It is promising that recent consultation exer-
cises and policy statements in the European Union
have shown an appreciation of this point, but
the policy discussions are still at an early stage.
In conclusion, this report does not call for new leg-
islative prescriptions, regulatory interventions or
taxpayer subsidies to address the immediate pres-
sutes. Instead, we recommend that policy makers
be supportive of commercial initiatives contribu-
ing to investment, innovation and more efficient
use of the Internet for the benefit of all sectors of

the economy.
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1. Introduction

This report analyses an important component of
the Internet value chain, the commercial model
underpinning network infrastructure and the rela-
tionship between Online Service Providers (some-
times known as over-the-top “OT'T” players}) and
Connectivity Providers (primarily telecoms com-
panies but also some firms that specialise in
Content Delivery Networks). A.T. Kearney has
previously' analysed each segment of the value
chain and considered the different economics and
returns of each segment. Our research demon-
strates that the primary beneficiary is the end-con-
sumer while the players within each segment of
the value chain have had very different experi-
ences in terms of growth and shareholder returns.
The leading Online Service Providers and User
Interface manufacturers (hardware and software)
have captured significant value while Connectivity
Providers and Content Rights owners have seen
fewer benefits and even, in some parts of the
media industry, value destruction.

At the heart of these differences is the dis-
connect between traffic {as a key driver of the
cost base) and revenues. All forecasts point to a
continued rapid growth of traffic, not matched
by revenue growth. Given this context, four Euro-
pean telecommunications companies—Deutsche
Telekom, France Telecom, Telecom Italia and
Telefénica—commissioned A.T. Kearney to con-
duct an assessment of the viability of the current
model of Internet connectivity in terms of perfor-
mance, economics and policy. We also assessed
the investments needed to support expected traf-
fic growth and considered broad options on how
the current commercial model may need to evolve,

! AT Kearney, Internet Valne Chain Economics, 2010

especially with regard to incentives and price sig-

nals to enable more efficient use of available net-

work capacity and stimulate further innovation in
the delivery of end-user services.

It is important to note that this paper has
been produced independently and does not neces-
sarily represent the views of any of the sponsoring
companies. The paper is intended to inform ongo-
ing public debate and neither the four operators
nor A T. Kearney can be held responsible for any
other use that might be made of it. The analysis is
based on a transparent methodology as well as
public information sources which are summarised
in an appendix for those who wish to review the
analysis as part of their own deliberations on this
important topic.

In this report, we seek to address five key
questions,

s What are the current pressures affecting Internet
Connectivity—on technical performance, eco-
nomics and policy constraints?

¢+ How do these pressures impact the key stake-
holders, such as end users, Online Service
Providers and Connectivity Providers?

* How should the current commercial model
evolve to align incentives and to ensure that the
Internet continues to develop in a sustainable
and cfficient manner?

* How can the value chain accommodate the
forecast rise in video usage (i.c., over-the-top
video streaming) and the demand for new high-
speed access services?

¢ What arc the public policy implications in
Europe and globally of changing the model or
leaving the status quo intact, especially with
regard to the current debate around Nex
Neutrality?

A VIABLE FUTURE MODEL FOR THE INTERNET | A.T. Kearney



2. Overview of the Internet

2.1, Description of the Value Chain

A.T. Kearney has previously analysed the Internet
Value Chain in which we presented a framework
divided into five discrete segments, shown in
figure 1.

Throughout the (relatively shore) lifespan of
the Internet, there have been rapid and ongoing
changes in every segment of the value chain.
Content Rights owners continue to experiment
with commercial models that protect and extend
the value of their content. Online Services con-
tinue to evolve from the initial free-for-all of the
dotcom boom, with powerful players having
emerged in many areas, including search, social
networking and e-retailing, The enabling technol-

Figure 1
Overview of the Internet value chain

ogy segment has scen significant growth in inno-
vative service offerings such as cloud computing,
content distribution, bespoke and targeted adver-
tising etc. Within the Connectivity segment, the
market is extremely competitive, reflected in the
continued increase in access speeds and decreasing
charges. At the same time the diversity of devices
that can be used to access the Internet has grown
significantly, allowing usets to be connected for
longer and access a greater diversity of services
from ever more places.

Our research reveals that the imbalance
between traffic volumes and revenues also creates
significant  differences in returns on capital
employed for industry players. For example, lead-
ing telecom operators generate returns around

12 percent (partly due to regulated pricing and
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high capital intensity) while other key seg-
ments such as search, gaming, gambling, and
e-Commerce deliver returns of more than 20 per-
cent and some segments even 30 percent or more.
Our research also demonstrates that revenues for
consumer Online Services are growing more than
twice as fast as Internet access provision. Of the
five main segments, Connectivity and Content
Rights players do not appear to have benefited
from the growth of the Internet to the extent that
the other segments have. Their market capitalisa-
tion is the same now as it was five years ago and
Figure 2 makes clear that chis is not simply a fea-
ture of the 2008/2009 economic downturn,
There are many possible reasons for this dis-
parity but, as we explore in this report, the growth
of the Internet and consequent growth in traffic
carried by Connectivity Providers is not being

Figure 2

translated into growth in revenues. We argue that
there is a fundamental structural problem with
the current commerciall model of Internet
Connectivity and how it is paid for.

2.2. Structure of the Internet

The Internet is an interconnected - “network-of-
nerworks” based on open standards and protocols.
It originated as a U.S. military network that grew
into an academic network linking universities
around the world. It took off as a broader service
with the invention of the browser and hyper-text
linking to provide an easy to use interface. The
interconnections allow networks to pass traffic
among each other on a “best-effort” basis, that is
to say there ate no guarantees of how the traffic
will be treated or whether it will even reach its uld-
mate destination. Fach participant pays for its

Evolution of market capitalisation by value chain market (base 100 in 2004}
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own equipment and connection to the nerwork
and these charges include a small component to
compensate those who connect the main Internet
exchanges.” End-users pay an Interner access
charge, typically bundled with their telephony or
TV subscription, to be connected to the Internet.
Most Online Service Providers pay a fee to their
Connectivity Provider(s) to be connected to the
Internet, which is generally based on the band-
width they require, while the largest ones act as if
they were Connectivity Providers in their own
right and connect to others via peering agree-
ments. In both cases these charges are generally flat
fees, not linked with usage and they form a very
small part of their total expenditure/cost structure.
In effect, Online Service Providers are paying to
connect their services to the newwork but are not
paying for downstream service delivery, particu-
larly to Retail Connectivity Providers since very

Figure 3
Internet network infrastructure

little, if any, of their payments flow down to other
Connectivity Providers in the chain.

For the rest of this report, we adopt network-
centric terminology in line with figure 3 to illus-
trate the key players within the relevant parts of
the Internet value chain.

In this framework the Internet acts as a
communications platform, primarily connecting
Online Service Providers, who want access to the
largest population of potential customers, to end
users who want access to the widest selection of
services. In performing this function the Internet
has been outstandingly successful, rapidly casting
aside early “competitors” such as Compuserve,
which were offering a similar service within a
“walled garden” of fewer users.

In microeconomics, this phenomenon is

known as a two-sided market—referring to any

economic platform that brings together two
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distinct user groups and where each group exhib-
its demand economies of scale. In the context of
the Internet, Connectivity Providers offer the
infrastructure services requited to connect two
user groups, namely Online Service Providers and
end users. The economic concept of two-sided
markets achieving optimal pricing structures is
well established. A good, non-technical example
to illustrate this is the trade-fair—
the organiser charges exhibitors for
stand space and also charges attend-
ees who visit. The value of the fair to
an exhibitor is related to the number
of attendees and so exhibitors may
expect to pay more to avoid the need
for high entry fees. However if
exhibitor charges are set too high,
some may withdraw and the attrac-
tion of the fair to potential attendees
declines, which in turn decreases the
value of the fair to other exhibitors. The organiser
will seek to maximise fevenues, taking into
account limited floor space and number of visitors
that can be accommodated, but always with an
eye to the new congress hall in the neighbouring
town, which is keen to attract more trade fairs.
All successful providers of two-sided market
services must find a pricing balance between the

two sides. This balance accounts for the relative
value derived by each side and understands that
increasing the charges to one side may actually be
beneficial to those bearing the increase because it
enables more users on the other side to join,
increasing the total value enjoyed by all. However,
if the pricing balance does not reflect appropriate
price signals between the two sides of the market,

Revenues for consumer online
services are growing more than
twice as fast as Internet access.

the model may not be efficient in the long term
since all participants in the market are subject to
the normal rational economic behaviours and
need to make a reasonable return. This is an
important consideration when looking at the eco-
nomics of the Interner value chain, as will be

explained further.
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3. Pressures on the Inte rnet cxponential gl‘OWI:h, both in fixed and mobile at

a compound average growth rate of 35 percent
Three major sources of pressure face the Internet:  and 107 percent respectively (see figure 4).

technical performance, economics and policies. This strong growth is driven by:

These pressures are becoming more evident as the  * Increasing availability of new services
Internet grows to be the critical public infrastruc-  with high-bandwidth requirements, including
ture that underpins a wide range of other impor-  Internet-TV based services such as Catch-up

tant activities such as entertainment, supply chain TV, radio/music streaming setvices, application
management, banking and even healthcare and  and content download services, richer content
education. The technical robustness of the as part of social networking sites (audio/ video}
Internet is closely tied to the sustainability of the  and cloud computing for business services deliv-
underlying commercial model and therefore both  ery (e.g. SaaS)
are vital to support the growth of current and  Increasing penetration of multimedia devices
future economic activity. such as smartphones, set-top boxes, media
gateways, Internet connected TVs, connected
3.1. Performance Pressure gaming consoles, enabling new types of high-
Forecasts of Internet traffic in Europe over the  bandwidth usage
next five years continue to be characterised by ¢ Changing usage patterns supported by flat rate

Figure 4
Eurape total internet traffic projection’
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T T — T T o I L
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Notas: 'Dats included for Western, Central and Eastern Europe, for Consumer and Busingss ussrs
2Yfidfen applications include gaming, fife-sharing, video over the internet {i.e. nternet video i PL/TV), Other applications include YoIF, business traffic across interhet,
video communication, wab and data
Nobife data traffic includes handset-based data traffic, such as text ing, multimedia ing, and handset, video services. Mobile Intemet trafiic is genarated by
wireless cards for portable computers and handset-based mobile Internet usage
Seurces: Cisco Visus! Networking Index, A.T Kearey analysis
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offers and innovation in services and devices, all
of which encourage users to spend a greater por-
tion of their day using the Internet (always on,
always reachable) to access richer content
A good illustration of these trends is the pop-
ular iPhone device, whose users spend almost
double the time on dara intensive applications as
other mobile data users, as shown in figure 5.
Although the Internet growth has been rapid
since its inception, there are some fundamental
trends that increase the urgency for change in
network service delivery in the near future.
Compared to past traffic growth, the Internet
today is characterised by the following:
» Increase in video applications is driving an
increase in usage per customer. According to

Figure 5

Changing usage patterns, average vs. iPhone
users (2009)

Time spent on application or service

[ Dther 33y, XU

Clintemet S & 9% Double the
2 time spent

£ amos : on data-

L Music intensive

2 E-maif applications

[ sms

Voice call

Average user iPhone user

Sources: Apple; Mobile Internet Report Key Themes Fingl, 2009 December,
Margan Stanley; A.T. Kearney anslysis

# Cisco Visual Nesworking Index: Usage, October 25, 2010.

Cisco, the average broadband connection gen-
erates 14.9 GB of Internet traffic per month in
October 2010, up from 11.4 GB per month in
the previous year, an increase of 31 percent.? In
the past, traffic growth was driven primarily by
the rapid increase in the number of customers.

* Internet traffic accounts for an increasing
proportion of total communications traffic
and now has a major impact on the increase in
total traffic carried by telecom network opera-
tors. In the past Internet traffic used to be miti-
gated by lowervolume growth rates of traditional
services such as voice.

* Rise in mobile Internet traffic is unprece-
dented a5 the long-awaited adoption of mobile
data has been explosive.

Moreover, in the past, Internet traffic was
based on many-to-many traffic flows, which were
evenly distributed and fairly symmetrical across
networks. The connectivity requirements for
Internet services were homogenous as the services
were largely limited to web browsing, e-mail and
file-sharing, all of which were delay-tolerant and
resistant to variation in network performance. By
contrast, the current Internet is rapidly becoming
a “few-to-many” content distribution platform, as
shown by the fact that fewer sites account for an
ever increasing percentage of total traffic. Google,
for example, is ranked 3rd in overall global traffic
cartied {mainly due to its YouTube service) behind
Level 3 and Global Crossing and generates more
traffic than the rest of the Tier 1 players such as
Sprint and Cogent* As a result, Connectivity
Providers today are facing asymmetrical traffic
with highly heterogeneous traffic flows with dif-
ferent performance requirements. The asymmetry
in the exchange of traffic between Connectivity
Providers and Online Service Providers can reach
1:10 and in some cases even 1:20.% At the same

* Based on analysis of anonymous ASN (Autonomons System Number) data in the ATLAS Internet Observatory 2009 Report by Arbor Negworks.
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time, newer services such as video streaming or

unmanaged VoIP are more sensitive to network

performance than web browsing or file sharing
and require dedicated resources that the best-
effort approach may not be able to deliver during
times of congestion.

If traffic continues to grow as shown in Figure

4, particularly with regard to greater use of video
applications, but operators do not have the busi-
ness case to invest at a similar rate in new capacity,
the result will be increasing network congestion at
peak times. Voice network congestion manifests
itself in the form of blocked calls, but for the
Internet the effect is less abrupt, a more progres-
sive degradation of the customer experience. If
congestion occurs in a localised area, one of the
great atrributes of the Internet is its ability to route
around such bottlenecks. However, as traffic
grows at an aggregate level everywhere more wide-
spread congestion will occur within operator net-
works, resulting in:

* Traditional services (e-mail, web-browsing, file
downloading) will become progressively slower,
although still function

* E-commerce services will become less predict-
able and reliable and therefore less appealing to
end uscrs

+ Interactive services such as online gaming, VoIP
calls and web-conferencing will stop working
effectively, with poor quality or periodic inter-
ruptions making them increasingly unusable

« Any sort of streaming service will become unus-
able at peak times due to frequent interruptions

Such service degradations are clearly frustrat-
ing for end users but also affect Online Service

Providers who almost certainly lose revenues

through lost sales or lost users and the associated

loss of advertising revenue. The technical char-
acteristics of different traffic types means that

7 Based on operator interviews.

file-sharing traffic, which is more resilient to con-
gestion, effectively crowds-out the more inter-
active and real-time services that are likely to be
the basis of the new more innovative services. In
the long-run, Online Service Providers will be less
inclined to invest and launch more advanced
services if they question their ability to offer a
high-quality user experience. Yet they need these
advanced services ultimately to generate revenue
and to launch new services such as telemedicine,
which could have great social and economic ben-
efits, but which rely on high quality connectivity.
In economic terms, this illustrates that carrying
any waffic not only brings utility, but also has
implied opportunity costs.

It is important to repeat that within the best-
effort delivery model no allowance is made today
for different types of traffic and so applications
with specific requirements (round-trip delay, jitter
and error-rates, for example) must be treated in
the same way as applications that are less sensitive
to congestion. When network capacity is abun-
dant relative to traffic, this works fine but in the
future, a mechanism to use limited capacity more
efficiently will be needed to deliver adequate
service in a predictable way.

Traffic management techniques are increas-
ingly being used to tackle network congestion at
peak-hours. Such techniques are used to maximise
the use of the “constrained” available capacity and
network resources and to use specific actions to
limit the impact of the congestion on end users.
There are two basic approaches. The first is user-
based, where operators allocate the available
bandwidth equitably and when necessary limit
throughput of heavy users to prevent them from
negatively impacting the service of others.
Alternatively, operators can manage traffic based
on traffic type and minimise delays in applications
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that are more prone to delays by rate-limiting, or
slowing traffic that is more delay-tolerant while
continuing to ensure that such services work effec-
tively, albeit taking slightly longer. In both cases,
the application of appropriate network manage-
ment practices can lead to a2 “win-win” situation
where Connectivity Providers optimize network
resources and all customers continue to benefic
from an effective service. Without traffic manage-
ment the risk is that all users suffer from a reduced
quality of service. While these tactical measures
help alleviate some of the main causes of congestion
they are only really short-term measures that delay
rather than solve the problem. If nothing changes
an ever-increasing intensity of traffic management
will be needed to help manage congestion.

Technical improvements that improve the
capacity and efficiency of the infrastructure and
enable operators to squeeze better performance
from the network are continually being devel-
oped. For example, compression algorithms allow
traffic to be transmitted more efficiently and
improved application design can minimise the
volume of signalling traffic, which can be a partic-
ular problem in mobile networks. However, few
incentives are concutrently in place to encourage
Online Service Providers to adopt these techni-
cal improvements. The performance of nerwork
equipment develops similar to Moore’s law for
computer processoss, enabling faster swirching of
data in high-end equipment but also improving
the cost effectiveness of mid-range equipment,
thus delivering greater throughput at similar price
points. These incremental improvements, signifi-
cant though they are in the short term, can only
offset a portion of the forecast growth in traffic.
What is needed is the right set of economic incen-
tives for a permanent and continual stream of
incremental improvements.

A furcher dimension of performance pressure

is the need to continue to enable innovation. The

Internet has been a great source of innovation,

leading to new business models and the creation

of large companies that did not exist 20 years ago,

while revolutionising the way many services are

delivered to end users. Key attributes contributing

to this include:

* Open standards allow both users and service
providers to connect and interact seamlessly

« Ease of use allows anyone with a suitable device
to connect to the network and be able to access
the full range of content and services

* A level playing field minimises barriers to entry
and initial costs for start-ups, enabling stnall
companies with a good idea to be up and run-
ning much sooner and more economically
than if they had to establish a mote traditional
business

It is important that these principles are main-
tained and protected in the future. However, as
the range of services delivered over the Internet
continues to grow and diversify, it is also impor-
tant that the network itself evolves and innovates
to support both new services and existing services
better. The Connectivity segment is therefore
under pressure to streamline the delivery of online
services and offer new services such as cloud com-
puting, content distribution, bespoke and tar-
geted advertising, to name a few.

Although the enabling technology plat-
forms may be less visible to end unsers, consider-
able innovation has already occurred within the
Connectivity segment. The speed and ubiquity of
Internet access (fixed, mobile, Wi-Fi} grows
relentlessly while access costs have fallen steadily
in this highly competitive market. It will become
more important that the underlying network
infrastructure is able to support more advanced
services—for example, HD and 3-D television
streaming, telemedicine, full screen online gaming,
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and B2B services such as telepresence videocon-
ferencing—that will contribute to further innova-

tion and economic growth. This is a question of

both the pure capacity to handle the traffic and of
the technology used to optimise the delivery of
services when today’s best-effort protocols are no
longer sufficient.

Pressures on the Internet will only increase as
taffic continues to grow. The congestion prob-
lems will not only diminish customer experience
but also limit innovation as Online Service
Providers find it more difficult to reach customers
and their business models fail to fully exploit their
potential. The limitations of the current model
could ultimately hinder future innovation of new
services for business, entertainment and some
critical applications for public services such as
e-Health. This will have spill-over effects not only
in the Internet ecosystem but also in the economy

as a whole.

Figure 6
Price signals in the current internet model
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Source; A.T. Kearney analysis

3.2. Economic Pressure

3.2.1. Structural Problem. A fundamental struc-
tural problem exists in terms of who pays for the
necessary infrastructure required to sustain the
Internet because pricing on both sides of the
market is disconnected from network usage. As
mentioned eatlier, in the vast majority of cases,
end users of fixed connections pay a flat monthly
fee for as much usage as they need, while mobile
users typically choose a tiered usage level. Online
Service Providers pay for their access speed to be
connected to the Internet, or alternatively connect
directly through transit and peering agreements at
a much lower unit cost {(sometimes zero). In fact,
on a per-user basis, traffic per customer is expected
to continue to grow, while the average price for a
fixed broadband connection {both standalone and
in bundles with other services) is expected to con-
tinue declining, (Between 2007 and 2009 the
price of the average fixed standalone broadband
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connection declined by 44 percent.®) The result is
that operators are faced with an insatiable increase
in traffic, which causes a rising cost base that
is completely disconnected from revenues. On
mobile networks, due to the scarcity of spectrum
resource, the trend is moving toward capped data
tariffs, for example, a fized price for 1GB per
month and a higher price for 3GB, which at least
begins to restore some linkage (albeit weak)
between usage and price.

As illustrated in Figure 6 on page 13, the
absence of price signals means end users and
Online Service Providers have no incentive to
manage demand or to opiimise the traffic they
send or receive; this problem is likely to be exacer-
bated by the capacity demands of video-intensive
applications. Online Service Providers have litcle
incentive to limit traffic because they are only
paying for the relatively low backbone network
costs and are not paying for access network costs.

Figure 7
New network investments

Capacity upgrades

Increasing capacity
of existing networks

Fixed netwarks

Incremental capacity upgrades
to core and backhaul networks

/

Mobile networks
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Source: A.T. Kearnay anglysis
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In fact the misalignment of costs and traffic could
actually be an incentive to induce more traffic
since their business models and revenues are
driven by number of visitors/eyeballs (for instance,
advertising based). Furthermore, at times of con-
gestion, a lack of appropriate price signals, com-
bined with the current best effort delivery
approach, incurs opportunity costs not only to the
Connectivity Providers but also to the overall
value chain if high volume but low value traffic
crowds out high value/important iraffic.

The result of this misalignment between rev-
enue and costs means that when a Connectivity
Provider is considering new capacity investments,
the return on this investment (that is, the addi-
tional revenues that may follow) is far from clear.
Moreover, under the current model, any new
capacity built will not resolve the congestion issue
but merely delay it as new capacity is rapidly filled
by additional traffic as there are no price signals

Technology upgrades

Deployment of new technologies
in order to deliver new services

Fibre roll-out

|

\  Deployment of Fibre to Cabinst and Home
! to deliver high-speed access speeds

| and services {30-100Mbps}

LTE
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i
New radio access technology to enable - !

higher speed mobile access services :

In addition to rew services, the higher spectral
efficiency of LTE means it will also be a more efficient
means of increasing mobile network capacity

& Enrapes Digital Competitivensss Repart - Volume 1: 12010 — Annual Information Society Repors 2009 Benchmarking- i2010: Trends and main

achievements, Envopean Commissions,
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and hence incentives for the users to change their
behaviour. This is becoming a pressing issue
because, after years where demand often lagged
supply, the industry—and particularly the mobile
segment—is now facing the challenge of manag-
ing serious capacity constraints for the first time.
Fixing these problems and developing the right
pricing signals to promote efficient use of the
Internet will require new pricing and commercial
models.

3.2.2. Investment Requirements. To under-
stand the economic sustainability of the current
Internet model, we carried out analysis to estimate
the level of capital expenditure (“capex” or invest-
ment in ongoing infrastructure expansion) needed
to support the forecast traffic growth and assumed
that opex (operating expenses) increases propor-
tionarely. The investment requirements are broken
down between ongoing infrastructure expansion,
which is purely traffic driven, and the technology
upgrades, specifically fibre and LTE, which will
deliver new services and faster access speeds. We
have also split the assessment between fixed-net-
works and mobile networks due to the different
investment profiles (see figure 7).

In the following section we model the
expected costs of each of these investments and
the potential additional revenue needed to make
these investments viable. For fixed and mobile

Figure 8
Capex and revenue modeling approach

capacity upgrades, and LTE deployment we used
the multi-step approach summarised in figure 8.
For the fibre roli-out we estimated deployment
costs of rolling out fibre according to the EU
Commission’s 2020 target. A larger public policy
and commercial strategy debate is taking place on
the wide-scale deployment of fibre to the home;
it is not the intent of this paper to tackle all of
these questions.

3.2.3. Ongoing Traffic Growth in Existing
Fixed Networks. Fixed access networks (last mile)
have sufficient capacity for today’s usage, and
therefore traffic increases require mainly invest-
ment in aggregarion and core network capacity.
With much of the traffic growth being driven by
video, substituting file-sharing traffic to some
extent, capacity or bandwidth requirements may
actually outpace the growth in total traffic since it
is likely to result in more simultancous usage
versus the more distributed nature of file-sharing
wraffic. Figure 9 on page 16 shows the estimated
waffic growth to 2014, highlighting the incre-
mental capacity required each year.

The impact of such rapid growth can be
clearly seen—in 2014 alone, the incremental
growth in traffic is greater than total waffic in
2009. Or in absolute tetms, capacity equivalent to
the entire Internet today will need to be added in
just one year. We modeled the expected cost of

Estimate additional
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Source; AT Kearney analysis
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Figure 9
Furopean fixed Internet traffic growth’
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Summary of findings: Ongoing traffic growth in existing fixed networks

Expected traffic increase (2010-2014) 11,375 PB/month (35% CAGR)
Expected total capex to convey it {2010-2015) €36 billion
Total capex trendline at current levels (2_0_10-2014} €726 billion
Total incremental capex (2010-2014) €10 hillion
Estimated additional annual revenues required in 2014 €9 hillion

Source: AT. Kearney analysis

building this capacity, based on an estimated
historic 20 percent of operator capex being used
for Internet capacity investments (see Appendix on
page 45). The results are shown in figure 10.

Figure 10 shows the total capex required to
meet the forecast traffic growth and highlights the
portion that is above the expected capex plans of
the industry. As shown, capex decreased in 2009
compared with previous years in response to the
economic crisis and is also reflected in the lower
pace of growth in Internet traffic in 2009 shown
in figure 9, where traffic grew by less in absolute
terms than the previous year (960 PB/month vs.
1,044 PB/month in 2008). Investment in Internet
related infrastructure is recovering to 2008 levels
from 2010 onward according to investor relations
statements and industry analysts.

In line with the rapid traffic growth expected,
the total capex required rises constantly to 2014
(and beyond), even allowing for 15 percent year-
on-year improvement in the cost/performance of
the equipment deployed. However, during chis
period, fixed operators arc generally expected to
achieve flat revenues and, based on that expecta-
tion, are forecasting flat capex spending plans. As
a result the capex required is likely to be only
partly funded by current capex plans. Even allow-

ing for a return to capex funding at pre-crisis
levels, we estimate that around €9.8 billion addi-
tional spending will be needed berween 2010 and
2014, with €3 billion alone in 2014, to meet the
forecast traffic demand. Importantly, this is not a
one-off impact bur an ongoing requirement that
is likely to keep growing beyond 2014.

Calcularing the revenues or contribution
margin needed to justify this additional invest-
ment is a challenge and one could adopt different
methodological approaches. Additional operating
costs are implied by such investment (mainte-
nance fees and power, for example) and there is
also the question of how to treat common costs
for sales, marketing, customer service. For this
report, we took our 2009 estimate of fixed capex
relative to revenue for Internet Connectivity of
34 percent’ and assumed that this (very high level)
should not grow even higher. On this basis, addi-
tional revenues of around €9 billion per year
would be needed by 2014.

This increase is obviously significantly above
current levels but it is important to view it in the
context of other changes. Past investment was
driven in part by traffic growth underpinned by
increasing penetration and take-up of services that
had a martching revenues uplift. Future trafhe

? In developed sarbeis, che overall average indusiry capex vs, sales ratio i about 10 peveeirt inchiding both fixed and mobils as well as voice and data.
34 percent presents  very high capex intensity andl is only susainable for Connectivity Providers if there is matching revenue growth.
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growth is more driven by an increase in traffic per  works. The forecasts for this are so high in fact
customer which, with the current pricing struc-  that we have modelled a consirained growth sce-
tures, does not drive much incremental revenue. nario, which is lower than that forecast by Cisco
In addition, the compounding nature of the expo- VNI, with a constant annual growth in capacity.
nential growth rates means that in absolute terms  Such a constraint could either come through
the challenge and cost of continually increasing greater efficiency of applications (for example,
capacity is becoming even more expensive. To more compression), traffic “offloading” (whereby
date operators have generally used broadband the mobile network tries to use Wi-Fi networks or
subscriptions as an “add-on” to traditional services femtocells as much as possible) or the unsatisfac-
and so could cross-subsidise to some extent and  tory outcome of congestion driving users to divert
use the service as a tool to retain customers their usage to fixed networks even when mobile
who generated higher-margin voice revenues. access might be more convenient. Nevertheless,
Increasingly, however, as Internet connectivity this still results in traffic growing 16 fold in the
service is becoming the core product that repre- five years between 2009 and 2014, an effective
sents a greater proportion of an operator’s total compound annual growth rate of 74 percent (see
revenue, it needs to be self-sustaining. Future figwre 11). '
investments in Internet infrastructure need to be To separate the effect of traffic growth from
justified by the returns on that investment. new services, we have assumed the demand is met
3.2.4. Ongoing Traffic Growth in Existing using the current 3G networks. Figure 12 shows
Mobile Networks. The increase in traffic in that the investment required to support our con-
mobile networks is even greater than in fixed net-  strained traffic growth scenario is estimated to be

Figure 11
European mobile Internet traffic growth’
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€95 billion over five years. Comparing this to the
trendline capex based on 3.5 percent annual growth
above historic levels shows that the resulting total
capex for 2011 to 2014 is around €31 billion
above trend. (See appendix for fiull methodology)
As in the discussion of fixed capex, this is an
ongoing requirement rather than a one-off invest-
ment. Maintaining todays 25 percent ratio of
mobile capex to mobile data revenues would
imply additional annual revenues of around €28
billion in 2014. This level is so much higher
than for fixed——although the mix of traffic is still
heavily skewed to fixed {(which includes Wi-Fi)—
due to the need to build additional radio access
network capacity and upgrade core and back-
haul layers; the fixed scenario assumed adequate
capacity in the access network for the near term.
In reality, if the forecast traffic growth materi-
alizes, operators are expected to carry a sizeable
part of these traffic increases over LTE networks,

Figure 12

which is likely to reduce the need to build new cell
sites (because of LTE’s higher spectral efficiency)
and therefore increase capital efficiency.

To evaluate this, we modelled 2 scenario in
which LTE technology is used to carry 13 percent
of mobile data iraffic by 2014 and the technology
is deployed progressively from 2012 onward. The
resulting capex requirement is shown in figure 13
on page 20. )

We estimate the total capex required for the
combined 3G and LTE investment is €86 billion
between 2010 and 2014 inclusive {note that this
is lower than the total capex in the pure 3G sce-
nario noted eatlier due to the higher capacity of
LTE sites and greater use of existing towers). The
exact timing of LTE investments is stll to be
determined but spreading the total investment
over the period shows that by 2014 around €4.6
billion additional capex above the expected trend-
line will be required. Using the same 25 percent

Estimated capex required to fund incremental capacity for mobile networks, 3G only option
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capex from 2006-2011 by applying the ratio of Network Browth capex gvar total capex (70%)
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Figure 13

Estimated capex required to fund incremental capacity for mobile networks—hybrid option

(€ million)
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ratio of mobile capex to mobile data revenues
implies additional revenues of €18.5 billion per
year in 2014, considerably less than the €28 bil-
lion that would be needed to support the same
capacity using 3G technology alone.

In the long-run, I'TE is a more cost effective
means of delivering the extra capacity required.
However, upfront investments are required to
build a national network and a lag time exists

while users upgrade to LIE-enabled devices.
During this time it will still be necessary to also
invest in 3G. As a result, a capex spike will likely
occur as operators invest in LTE launches; over
time this evens out.

Beyond 2014, it remains to be seen what
effect new services LTE offers will have in the
market and specifically in increased mobile trathc.
If LTEs higher access speeds prove popular then

Summary of findings: Ongoing traffic growth in mobile networks hybrid option

Expected traffic increase (2010-2014) 477 PB/month (74% CAGR)
Expected total t_:apex to convey it (2010-2014) €86 billion
Total capex trendline at current Ie_velslzmo-zmlll €65 billion
Total incremental capex (2010-2014) €21 billion
Estimated additional annual revenues required in 2014 €19 billion

Source: A.T Keatney analysis
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investment in LTE will need to increase to meet
demand.? Our model simply presents the capital
efficiency effect of using LTE to meet a low-trafhc
growth scenario to reduce the potential cost of
using 3G technology.

3.2.5. The Case for Fibre. In addition to
capital efficiency effects, new access technologies
such as fibre-to-the-home (FI'TH) and fibre-to-
the-cabinet (FT'TC) will enable more advanced
services and ensure continued innovation and
economic growth. Although much of this invest-
ment will come after the 2014 timeframe of this
report, in the interest of completeness (and com-
parability to other reports published on broad-
band) we also reviewed investments required
to upgrade to these new fibre based technolo-
gies. However, in evaluating options for a viable
future model, we do not include the capex
requirement for FT'TH and FTTC.

In fixed networks, the migration to next gen-
eration technologies is a large and important proj-
ect that will bring additional capex requirements;
this has to be analysed as a standalone project. In
addition, investment would have to be primarily
recovered by additional revenues generated by
the new services. We have evaluated a five-year
scenario in line with the EU’s 2020 fibre rollout
target (100 percent household coverage) by
assuming 50 percent household coverage by 2014
(of which 16 percent is FTTH with speeds of
~100Mbps). We estimate €116 billion of capex is
required for this initial phase. (Another report’
estimates a total volume of €300 billion in capex
to deploy to all households; the second 50 percent
is more expensive because it will be in areas with
lower population density.)

Based on our assessment, the investment

required to support the forecast taffic growth
over existing networks are challenging for
Connectivity Providers, even before considering
new access technologies. Building the infrastruc-
ture will require significant investments and if
Connectivity Providers are to make a reasonable
return, new revenue will need to be found to
justify these investments. It is worth noting that
the ever increasing traffic levels are not a tech-
nical problem per se: new hardware is being
constantly developed to meet the logistical chal-
lenge of switching and delivering this traffic.
The economic challenge comes when network
capacity is not efficiently used and when the
required investments are not matched with addi-
tional revenues.

3.2.6. Profitability of Investment in New
Network Capacity. If operators were to make
these investments (to implement the forecast
capacity upgrades) without achieving any addi-
tional revenue, there would be a significant nega-
tive impact on the Return on Capital Employed
(ROCE). Obviously the effect will be different
on each operator depending on starting position
and local market conditions, but such low pro-
spective returns provide no investment incentive.

For fixed operators, if traffic grows at the
forecast 35 percent per year, we estimate that
ROCE will decline from around 12 percent today
to 8.9 percent in 2014. For mobile networks, we
assumed a modest inctease of 3.5 percent in reve-
nues as penetration continues to climb and at least
2 partial linkage exists between traffic and reve-
nues as more operatots decide to move to tiered-
pricing structures.

Nevertheless, we still estimate a possible
reduction in ROCE from around 12 percent today

5 Far mobile, we have alo modelied o scenario where LTE sites are deployed to deliver additional traffic betwsen the seenaria modslled above and the
unconstrained Cisco VNI svaffic fovecass, an additional 708 PB /month of capacity by 2014, We have estimated the wosal additional capes requived
world be €32 billion, on top of the €84 billion identified above, awsuming a 100 percent LTE voll-out from 2012 and 70 percent wse of existing towers.

? MeKinsey & Co, Fiber: The fusure of fixed in Ewrope, FTTH Council Europe Conference, February 2010,
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to around 9.4 percent for a typical operaror if
traffic grows at 74 percent per year as indicated in
our model. If traffic growth rates are higher, then
the effect on ROCE will be even more dramatic
(see figure 14). To put these returns in context, an
AT, Kearney study for the GSMA'® found that of
11 industries, before the onset of the recent eco-
nomic downturn, only two industries (wireless
communications and power utilities) were earning
less than 14 percent. Inevitably if the returns are
not adequate, Connectivity Providers will face
increasing pressure from financial markets to delay
or reduce investments, implying a subsequent
decline in quality of service and innovation.

3.3 Policy Pressure

To date, the Internet value chain has largely been
self-governed and free from regulation, other than

Figure 14

NRAs encouraging competitive markets in broad-
band access and in Europe regulating wholesale
markets to promote this (for example, via local
loop unbundling at faily low tariffs). As the
Internet is playing an ever more important role in
communication, there is increasing focus on the
commercial and technical architecture, and on
content issues such as decency, privacy and piracy.
More recently, the emerging debate over “Net
Neutrality” both in the United States and in
Europe has raised questions about consumer
rights and freedoms and the evolving role of the
Internet in providing a broad range of services—
from blogs, to video services to emergency calls
via VoIP. Considering the economic pressure, this
ongoing and sometimes heated policy debate has
important implications regarding which commer-
cial models are allowed to emerge in the furure.

ROCE evolution comparad with Internet traffic growth
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This, in turn, could directly affect the viability of
the Internet.

Two aspects of the ongoing Net Neutrality
debate are particularly pertinent: rules governing
traffic management/priotitisation and minimum
quality standards for public, best-effort Internet.
In a recent consultation exercise, the European
Commission sought input on precisely such ques-
tions regarding issues of traffic management. The
EC’s initial summary of the responses indicates
that since the market is still open and competitive,
there is no need for policy intervention at this stage
as long as all market activities and services offered
remain transpatent to market participants. In par-
allel, some national regulators (ARCEP in France,
Ofcom in the UK) have been working on these
issues. The outcome of ongoing deliberations is
still unclear but there is sensitivity to the broader

Figure 15

economic challenges discussed above. Debate in
the United States has been somewhat more polar-
ised and already the subject of courr cases.

Amid the wider policy debate, most commen-
tators agree that Online Service Providers and
Connectivity Providers should not be allowed to
use market power to distort the market unfairly.
At the other end of the spectrum, some people see
equal access to the Internet as a basic right and
interpret this to mean that price differentials or
service differencials are per se wrong. For the inter-
est of the general public, most regulators focus on
the economic impact of traffic prioritisation and
its transparency to users while maintaining a vigi-
lant eye on socio-political considerations such as
privacy and media plurality.

In figure 15, we provide a framework to anal-
yse the different principles discussed under the

Comparison of views on net neutrality: The United Kingdom vs. France vs. the United States
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service providers
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ARCER May 2018; Comments by the Open Infernet Coalition, FCC No. 09-93, L1S. Federal Lommunications Comission, Oct 2005,
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heading of Net Neutrality and compare the view-
points among different NRAs.

Whatever policy changes are made, whether
to redefine Net Neutrality or to enforce it in new
ways to cope with new challenges, it would seem
to be in the public interest that such changes do
not restrict the ability to tackle the performance

The disconnect between sources
of revenue and sources of cost
in the Internet today is squeezing

value out.

and economic pressures on the Internet today.
Instead, they should ensure that the openness and
competitiveness of the marker and the ability to
innovate are not jeopardised while also respecting
important principles such as the accessibility of
content and the right to free expression,

3.4. Conclusions

A.T. Kearney is convinced that a major structural
problem demands attention from industry stake-
holders to maintain the success of the Internet. As
outlined in some detail, the increased costs of
handling rapidly growing traffic are not matched
by additional revenues for a key segment of the
value chain: those who operate
the networks. Moreover, current
pricing models do not promote
efficient use of existing capac-
ity. The current pressures on
the Internet will only increase
as traffic continues to grow and
Connectivity Providers have to
make ever tougher decisions on
where to invest and when.
With existing limitations, the
cutrent model could ultimately
hinder future innovation of
new services for business, entertainment, commu-
nication, and for some mission-critical applica-
tions, such as telemedicine, that provide future
public services. Therefore, it is crucial to find alter-
native viable models for the benefit of all stake-

holders. This is the focus of the next section.
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4, Alternate Commercial Models

To address the structural problems described in
the previous section, we have identified four broad
options to restore the link between traffic and
prices, encourage the efficient use of capacity, and
increase funds available to invest in fixed and
mobile Internet infrastructure to meet expected
traffic growth, while maintaining the fundamental
characteristics of an open, competitive and inno-
vative Internet value chain. These options are:

1. Continue with the current commercial model
and raise additional revenue required by modi-
fying retail pricing schemes to increase average
revenue per user (ARPU)

2. Introduce a data-conveyance charge to be paid
by traffic senders based on the total volume of
traffic they send, or their peak traffic

3. Develop optional enhanced traffic delivery ser-
vices over the public Internet in a coordinated
manner, with a price premium based on quality
of service delivery

4, Develop new services where Connectivity
Providers offer Online Service Providers man-
aged services over their networks on a bilateral
commercial basis

In this section we describe each option and
assess the impact it could have on end users and

Online Service Providers and how it could con-

tribute to improving the long-term sustainability

of the Internet. To assess the feasibility of each
option, the final impact on key stakeholders is
evaluated based on the assumption that the full
investment required should be funded by each
option. However, these four options are not mutu-
ally exclusive. After considering each option indi-
vidually, we consider how they could be combined
to achieve the optimal overall improvement.

The key questions any new model needs to

address and therefore on which they should be

evaluated, are as follows:

s Does the model improve overall economic effi-
ciency?

* Could the model influence end-users’ behav-
iour {such as increasing/decreasing usage and
penetration)?

» Could the model affect Online Service Providers’
behaviour (for example, increasing/decreasing
entry barriers, innovation and content accessi-
bility or increasing prices excessively)?

Does the model ensure the Internet value chain

remains open and competitive?

* Does the model encourage more efficient use of
available network capacity?

» How feasible is it to implement the model and

what is the wider impact on key stakeholders?

4.1. Modification of Retail Pricing Schemes
The most straightforward option would be to
adjust the retail price model to increase revenues
raised but also offer a wider set of tariffs based on
traffic volume, traffic type or time of day. In this
option, almost all network costs continue to be
paid by end users while Online Service Providers
continue to pay their Connectivity Provider for
standard Interner access—that is, connecting their
hosting infrastructure to the nearest Internet
exchange (tariffs here are usually very low). The
bluntest approach would be a simple across the
board price increase. However, this would not
address the disconnect between usage and price
paid since someone using a fixed broadband con-
nection to download movies or watch streaming
TV for 12 hours a day would pay the same as some-
one using their connection for basic web-browsing
or to check email {vee figure 16 on page 26).

To move away from flat-rate “unlimited
usage” charging, more differentiated tariffs could
be developed. As is becoming more common on
mobile tariffs, the monthly fee would be partly
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Figure 16
Option 1: Modification of retail pricing schemes

+—» Jraffic flow
=y Additional payment flow

ILLUSTRATIVE
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provider provider : core

Sanree: A.T Kearnay anafysis

based on download bands/caps, for example, 1GB
per month and a higher price for 5GB or 10GB.
Some fixed operators have started to include usage
caps in their tariffs at the high end, but this prin-
ciple could be expanded to include a broader
range of tariffs, perhaps including a “light-user”
option that allows basic Internet access but has
a surcharge for traffic such as streaming or file
sharing, This would encourage customers to con-
sider their usage and ensure that the actual costs
incurred by traffic are reflected in the pricing
mechanism.

A further refinement would be to launch
services based on the differentiation of tariffs.
Vodafone has launched a mobile broadband tariff
in Spain that introduces a time-of-day element,
for cxample, off-peak usage not counting toward
traffic caps, or possible voluntary throttling during
periods of congestion in return for lower monthly
fecs. Traffic carried at off-peak periods has less
impact on Connectivity Providers' investment
profile and so could be offered at lower rates.
These would also enable Connectivity Providers
to offer low “entry-level” tariffs to promote

. Aggregation
and backhzul

increased penetration and mitigate the effect of
price rises on penetration.

Implementation challenges. On the techni-
cal level there would be little change—all traffic
would still be subject to best-effort delivery with
traffic management likely still required at peak
times. The biggest challenge would be achieving
the average price increases needed in highly com-
petitive markets. Price increases would also need
to be reflected in wholesale bitstream pricing to
ensure the full pricing model remains consistent.
For usage-based tariffs, the problem is that end
users often do not have full control or awareness
of the actual traffic they are downloading. Software
updates tend to download in the background
automatically; animated adverts are not actively
requested; compression and encoding techniques
for video are important variables determining
traffic volumes but are not visible to end users. So
although a price signal exists, customers may not
be sufficiently well informed to be able to respond
to it without suitable mechanisms to inform them
about traffic consumption. There is also the legal
difficultly of charging end users for traffic they
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receive but did not ask for (for example, animated
pop-ups or automatic software updates).

Standalone evaluation. By way of illustra-
tion, if this option were applied in isolation, we
estimate that fixed broadband access charges
would need to rise by an average €6 per month by
2014 in order to deliver the €9 billion additional
revenues identified in section 1 to support future
waffic growth. This equates to a 21 percent increase
in the average fixed broadband access charge from
€29'"" per month to €35. For mobile, an increase
of €9 in ARPUs of smartphone and data dongle
users would be needed (5ee figure 17).

Such price increases are unlikely to be achiev-
able in the current highly competitive fixed and

Figure 17

mobile markets, thus congestion is likely to con-
tinue or worsen. In addition, substantial price
changes in a flat tariff structure will be difficult to
achieve in the short term, and increases are coun-
ter to the general trend and potentially risk pricing
some people out of the market. Taking fixed net-
work pricing as an example, based on an elasticity
of demand of -0.43" (that is, a price elasticity of
demand of -0.43 means that a 1 percent increase
in price leads to a 0.43 percent reduction in
demand), the penetration in 2014 would be
around 5 percentage points lower than it would
have been with no price rise. (Note, this does not
imply that consumers cancel subscriptions, but
that potential new users choose not to subscribe

European average broadband access service charge, based on 2009 price level

Fixed' Mobile?
{PB/muonth) ; {PB/month)
+21%
€200
€228
29 2
T 1
Current charges Required charges Gutrent charges Required charges

Notes: \Exeiuding line rental. Based on Eurape's Digita! Competithvenass Report, Volume 1: (2016 — Annual infarmation Society Report 2009 Benchmarking - i2010: Tiands and main
hi £ & is sii

For mobile, the incragse is based o the estimated total aumber of smart phone-date dongle subscribers in EU27 fn 2014

Sffakite broadband ARPY in Eiirope, 2007-2010, Analysys Mason

Sources: Comparative intsmational pricing 2009, Ofcom; "Mobile Phone Service Prices 2009, international Comparison,” Ficore, 2009; Comscore, March 2018; “U1.5. Mobile
Broadband 20102014 Foracest: Consumers Join Busingss Users te Spur Browth,” IDC, 2010; A.T, Kaarney analysis

# Europes Digisal Competitiveness Report - Volume 1: 12010 — Annual Information Society Repors 2009 Benchmarking- 12010:

Trends and main achicvements, European Commissions

12 Price and Income Elasticity of Demand far Broadband Subscriptions: A Crass-Sectional Model of OECD Countries, SPC Network.
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and fewer users pay for both a fixed and a mobile
broadband connection). Alternatively, users who
choose to reduce their high-bandwidth consump-
tion could slow the need to upgrade capacity.
Greater traffic management could be used to
mitigate price increases and still provide an accept-
able user experience.

Impact on the Internet value chain. This
alternative maintains the current model whereby
end users fund most of the network. With more
flexible price schemes there could be benefits for
users—both light-users who get more affordable
tariffs and heavy users who could enjoy a less
congested service at a higher price. However, this
model does not introduce a price signal to Online
Service Providers, nor to users unless a stronger
traffic-dependent element is introduced in retail
tariffs. Therefore, it is unlikely to have a major effect
on the cfficient use of the network, just a fairer
distribution of the costs among end users. Over
time, equilibtium occurs to ensure that appropri-
ate capacity upgrades are financed, but there might
well be geographic disparities as some markets
more easily absorb price increases than others.

However implemented, the overall increase in
average retail tariffs will almost certainly have a
negative effect on penetration and/or usage. This
is the only significant policy challenge, since it
runs counter to the promotion of universal broad-
band access. In addition to the obvious disadvan-
tages for users unable to afford Internet access,
Online Service Providers also suffer as they are

unable to reach a portion of the potential market
and so lose potential customers and revenue
opportunities. As differentiated and light-user
tariffs become more established, Online Service
Providers would need to modify their approach by
introducing lower bandwidth versions of their
services to attract price-sensitive customers, simi-
lar to low-graphics versions of services targeted to
today’s mobile users. Providers wishing to launch
high-bandwidth services targeted at lower-income
user groups would have to reconsider their business
models. On the other hand, there are still advan-
tages to the wider value chain versus a scenario of
low investment and increasing congestion: higher
bandwidth/higher quality of service dependent
applications could be successfully launched, sup-
porting innovation.

Summary. The modified rerail pricing
scheme option is conceptually straightforward to
implement as it does not require structural
change but just the creation of new price plans
(and the IT and billing support to enable
these). However, it does introduce some chal-
lenging questions with potential legal implica-
tions around how users can avoid paying to
receive traffic they did not request (such as pop-
ups and video ads on webpages) and whether
they really have the ability to control the traffic
they consume. This option could negatively
change users’ behaviour, reduce penetration and
the uptake of new services; this depends on price
elasticity of demand over time.

Summary of findings: Option 1, madification of retail pricing schemes

Estimated required increase in fixed ARPU

€6/ manth (+21%}

Estimated required increase in mobile data ARPU

€9/ month {+42%)

Source: AT Kearnay analysis
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In reality, it would be challenging for
Connectivity Providers to raise prices to this
extent in competitive markets. Any retail price
increases would need to be based on actual
increased costs and, where applicable, imple-
mented at the wholesale level also. The market for
broadband services is so competitive in most
Furopean countries that prices have been declin-
ing rapidly. While there is room to introduce
more volume-dependent pricing and thus address
part of the structural problem, price increases for
end users are unlikely to be the sole remedy to

ensure a more sustainable model.

4.2. Traffic Dependent Charges for All Traffic
The second option we have assessed is radically
different, focussing on Online Service Providers
and the fees they could potentially pay toward
the cost of the infrastructure. Many leading
Online Service Providers ate increasingly using the
Internet as a content distribution network to gen-
erate revenues (either from the user directly as sub-

Figure 18
Option 2, Traffic-dependent charges for all traffic

<+ Trafflc flow
sy Additional payment flow

Internst i
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Connectivity
provider

Online service
provider

scription or download fees, or via advertising) but
are contributing little to the cost of the infrastruc-
ture. Consequently, they have limited incentive to
use the infrastructure in an efficient way since to
them it is a largely free resource (see figure 18).

In this option, traffic senders (Connectivity
Providers and Online Service Providers) pay the
receiving network for onward delivery of traffic,
with charges being traffic-based. As the main
source of the traffic load, Online Service Providers
pay for the traffic sent into the network and most
of that payment is passed down to the Retail
Connectivity Providers. It is too early to say
how the actual level of charges would be deter-
mined, whether they would be based on traffic
volumes or peak usage, or how they would evolve
over time. In practice, pricing would most likely
start with Access Network Providers setting a fee
for incoming traffic, followed by upstream net-
works charging this onto their fees until it reaches
the Online Service Provider originating the traffic.
A mechanism would have to be in place to prevent
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smaller networks fraudulently initiating inbound
traffic to generate revenue.

An alternative way of implementing this
option could be to move from the current free
peering agreements to “paid-peering” once the
asymmetry of traffic goes above a threshold (for
example, 1:2). Such clauses are already part of pri-
vate peering agreements but, based on discussions
within the industry, we believe these are not
strictly enforced. As a result, large Online Service
Providers are allowed to inject large volumes of
traffic at such points with effectively zero marginal
cost. This is within the rules but certainly not the
original intent of peering, which was designed as
the mutually beneficial exchange of traffic between
carriers whereby each carrier covered its own costs
and these costs were roughly symmetrical.

The key feature of this model is that Online
Service Providers pay substantially more than they
do today for connectivity, based on the traffic they
send, giving them a clear incentive to optimise
traffic to the full extent. The access infrastructure
is still heavily funded by consumer revenues {at or
near today’s prices) which encourage correct pric-
ing for different access networks relative to each
other (fixed vs. mobile vs. Wi-Fi and even versus
broadcast networks for TV content distribution).

Implementation challenges. Two key chal-
lenges would need to be addressed to implement
this model. First is the need for common agree-
ment among all stakeholders on the principle of
charging for traffic delivery, which would be a
major change to the current model. If an operator
takes a unilateral stance, there is a significant
chance that some Online Service Providers will
leverage their market franchise and restrict access
to their content (just as some disputes over cable
TV fees in the UK or the United States have led to
blank screens at times). By discriminating between
Connectivity Providers they could induce users to

leave a Connectivity Provider with a high traffic
dependent charge. The second challenge is to
arrive at and maintain a reasonable and transpar-
ent price level that is sufficient to enhance the effi-
cient use of available capacity and to cover costs
incurred—which might well evolve over time.

Consequently, a more coordinated approach
is probably required where all Retail Connectivity
Providers in a market set similar charging schemes
and so Online Service Providers wanting to serve
that market have to pay and adjust their commer-
cial models to cover the higher costs—doing so,
for example, wich higher advertising fees or sub-
scriptions. The most effective method, but also
toughest to achieve in practice, would be a univer-
sal structure agreed by all Connectivity Providers
at the national or regional levels, and imple-
mented across the Internet (but with actual price
levels varying between networks to reflect healthy
competitive dynamics). This would certainly take
a long time to negotiate and regulatory authorities
would need to be satisfied that the public interest
was being well served (such coordinated efforts are
common in other aspects of the Internet and in
other communication services, for instance, in
devising technical standards, interoperability and
numbering).

Other technical aspects of traffic delivery
remain as they are today, based on best-effort traf-
fic delivery and with no prioritisation of traffic by
type or destination.

Standalone evaluation. In 2014 total Euro-
pean fixed traffic is forecast to be 14,600 PB per
month. In order to raise the €9 billion additional
revenue identified in Section 1, a charge of €0.05
per GB would be requited. A similar calculation for
mobile, based on our constrained growth case with
a combination of 3G and LTE shows that a charge
of €3.03 per GB would be needed to raise the
required additional mobile revenues (see figure 19).
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Figure 19

Current transit charges vs. traffic-dependent
charges'

Figure 20

Price impact of the new model for online content
on fixed networks
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volume)

Note: "Assuming current ransit sharge of €4/Mbps per month
Sources: Cisco VNI, DrPeering

The tariff of €0.05/GB on fixed networks
is similar to the fee charged for private content
delivery services which start at around €0.11/GB
and go down to around €0.03/GB for Online
Service Providers with high volumes. On the
mobile side, €3/GB is similar to the current retail
pricing for 1GB/ month tariff. The large differ-
ence between Fixed and Mobile traffic pricing also
reflects the fact that increasing Mobile Capacity
has a much higher variable element via the cost of
new sites, new towers etc. In fixed networks, addi-
tional capacity can be added at lower marginal
costs. It also reflects that mobile network capacity
must be added right through the network, includ-
ing the expensive radio link, whereas we assume
that at least in the medium term the copper “last
mile” of fixed networks can handle the envisaged
traffic growth.

Source: AT, Kezmay anaiysis

It is difficult to gauge the reaction of Online
Service Providers to such a charge across all of
their traffic volumes. Clearly a portion of traffic
would no longer be economical and so likely with-
drawn or moved to a paid-for model (a natural
reaction to 2 price signal). Elasticity of supply, not
included in the modeling, would also likely close
the gap. Figure 20 shows that in practice a charge
of this level should be acceptable to deliver revenue-
generating content to the end user over a fixed
network based on charges of €0.05/GB.

The situation for mobile networks would be
more challenging and the charge of €3.03/GB
would seem problematic for the examples shown
in figure 19 (reflecting the underlying economic
fact that mobile networks are not the best
medium for mass downloading of certain content,

such as HD videos). For such revenue-generating
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content, mobile operators are already striking
revenue sharing agreements with Online Service
Providers to cover their costs while making such
content more widely available. For other content,
Online Service Providers will require a convenient
means to identify that a user is on a mobile net-
work in order to agree to pay more for traffic
being sent to 2 mobile user than to a fixed user.
They could then send lower resolution images or
simplified versions of webpages to reduce costs. In
principle, however, it will be the user’s choice to
access from a fixed or mobile device and Online
Service Providers have no control over it.

An alternative is to compare this fee to typical
fees paid by today’s broadcasters for content deliv-
ery. Figure 21 shows that broadcast service fees for
a large broadcaster are typically around 10 percent

Figure 21

Comparison of service delivery costs:
Online service vs. broadcasting™?

Cost as % of revenue, 2009

10“."11
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Note: Estimated based on Google handwidth and traffic voltme in 2003,
i.6., ~ 5.2% of total internet traific globally

22009 waightad average broadcasting cost of ITV, BSkyB, TFI and Cenal Plis

Basad on €0.05/GB delivery cost on fixed petwarks
Sourses: 2010 Financial Tabies—Google Investors Relations; company annual reperts;
Estimating Google’s UL.S. Consumer Intemat Usage & Cost, Clefand Seatt; Cisco Visual
Networking Indax; Forecast and Methodology 2008-2014; Arbor Networks;
A.T. Kearney analysis

of revenues. By this measure, an Online Service
Provider such as Google would be paying less than
this, but still double what they currently pay.

The Google example obviously combines their
revenues from search and the traffic of YouTube.
Free video sites in general may find the convey-
ance charges are a strong incentive to develop
more efficient traffic delivery (better compression
techniques). But in extreme cases the costs may be
prohibitive (on top of their already significant
hardware, storage and data centre costs) and they
would either consider reducing the content they
make available or create a stronger link to revenue.
This latter point is arguably an intended conse-
quence of focusing network usage on traffic for
which people are willing to pay to receive.

Increased transparency will be needed to pre-
vent an Online Service Provider paying the higher
price for traffic that may not be going to a mobile
network. A blended rate would be hard to imple-
ment since traffic to a fixed netwotk would be
generating a premium over the €0.05 required;
the difference would need to be redistributed to
mobile networks if it is to have the desired impact
rather than just rewarding fixed operators. As a
first step, the most wotkable plan would be to
implement the fixed charge of €0.05 for all traffic
and leave mobile operators to recover the shortfall
from the end user through higher retail prices
(essentially, combining option 2 with option 1).

Finally, if the traffic conveyance fec were also
applied to consumers sending or uploading very
large volumes of traffic, content which is illegally
distributed and typically shared for free would
become more costly, while legal distribution ser-
vices would continue and may see an increase in
business that would offset any additional fees they
have to pay.

Impact on the Internet value chain. The key
benefit of option 2 is that it establishes a clear
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price signal for Online Service Providers to take
responsibility for the traffic they send over the
Internet. Online Service Providers would be
forced to consider the value of the traffic they
send. Ifit is deemed “valuable” in the sense that it
contributes to their revenue because either the
end user or advertisers are willing to pay for i,
then it would be worthwhile to send. It would
strengthen the link between Connectivity Providers
revenues and the taffic they carry, making the
model sustainable in the longer-term regardless of
how traffic growth evolves.

For individuals operating blogs or small busi-
nesses operating their own websites, we estimate
that Internet access charges would need to increase
by around €3 per month to cover the costs of
60GB of traffic. This compares favourably to
other costs such as a typical website hosting ser-
vice cost of around €10 per month. As such, this
option neither harms the flow of information or
commerce, nor jeopardises the participation of
smaller organisations in the benefits of the Internet
value chain.

In fact, by increasing the proportion of reve-
nues raised from Online Service Providers it
enables affordable end-user prices and nerwork
investment, promoting growth in usage in line
with the two-sided market concept outlined in
section 1.4. Unlike option 1, increased penetra-
tion and consumers unconcerned by usage caps or
traffic related fees, means they are more likely to
use the services of Online Service Providers and so

increase the potential customer base. Clearly equi-
librium would need to be established here too.

There is a real possibility in this scenario that
Online Service Providers with a strong market
franchise may be able to frustrate traffic-dependent
charging by withholding their content or services
from some networks. In extreme cases, competi-
tion authorities would likely be asked to review
whether this is a legitimate negotiation tactic or
an inappropriate use of market power. The risk
that a Connectivity Provider would charge exces-
sive amounts for conveyance seems far less likely
given the current inability to enforce peering
agreement terms and the generally competitive
nature of the market, but clearly this would be a
factor in any future regulatory assessments of
wholesale markets.

Further, by establishing an “economic value”
for traffic carried, this option discourages traffic
that increases network congestion without raising
revenues for any value chain player. This should
have the greatest impact on pirated content and
would therefore have a positive effect for the con-
tent players within the value chain, both the
Content Rights owners and those Online Service
Providers with legitimate business models who
would face a more level playing field. Ultimately,
it increases economic utility and promotes effi-
cient use of available capacity.

Summary. The challenges in introducing
maffic dependent charges are mainly around
implementation: achieving sufficient alignment

Summary of findings: Option 1, modification of retail pricing schemes

Estimated required increase in fixed ARPU

€6/ month {+21%)

Estimated required increase in mohile data ARPU

€9/ month (+42%)

Source: A.T. Kearnay analysis
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that the model could be sustained and charges
negotiated at a level that makes this option effec-
tive. Although this option implies a cost to Online
Service Providers, it also helps them monetise
their new and more innovative services and appli-
cations (mainly video driven). Clearly, a better
infrastructure will allow improved distribution of
content and a better user experience. To use ithe
network in a more efficient way will also reduce
congestion significantly. In policy terms, moving
some free video content to paid-for content would
likely face a mixed response: concern over accessi-
bility (although our examples indicate that charges
on fixed networks should not distort this) but
support for restrictions on piracy that undermine
legitimate content businesses.

Although some complex negotiations will be
necessary to implement this solution, from a
policy perspective these are familiar issues and
could be handled within the current regulatory

and anti-trust frameworks.

Figure 22

Option 3, enhanced-quality services over the public
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4.3 Enhanced Quality Services over the
Public Internet
In the third option, best-cffort traffic delivery
remains the same with no additional charges but
Connectivity Providers charge additional fees for
enhanced or premium services. These could be in
the form of different quality of service (QoS)
offerings for different traffic types (video, gaming
or voice, for example) or prioritisation of other
traffic for specific content types as selected by the
Online Service Provider that commissions and
pays for such services.

Quality of service is the ability to establish
a different priority for traffic from different appli-
cations, users, or data flows, or to guarantee a cer-
tain level of performance to a specific dara flow.
Quality of service guarantees are particularly
important at times of congestion, especially for
real-time streaming of a wealth of multimedia
applications such as online games, voice over IP
and IP TV, among other similar applications.
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Online Service Providers would pay their
Connectivity Provider additional fees for traffic
delivered with premium service levels, and the
Connectivity Provider then pays a premium to the
other Connectivity Providers in the chain as
shown in figure 22. In this way, additional fees
for premium traffic cascade down to the Retail
Connectivity Provider who bears the greatest invest-
ment burden to make premium QoS succeed.

These services would be “end-to-end” across
the Internet in a coordinated way, that is, offered
by all participating parties with full support
across different networks. Clearly a critical mass
of providers would need to participate to make
such a service workable and to cover a high
proportion of end users. Once established, the
remaining Connectivity Providers would likely
choose to offer enhanced services too, driven by
local competitive forces and to take advantage
of established standards.

Inplementation challenges. Importantly, by
using the public Internet as the delivery medium,
all parties in the chain need to agree and support
a set of common delivery standards in order for
it to work effectively. Standards of service must
be defined and agreed upon by all participating
Connectivity Providers in a consensus driven
manner, although actual commercial agreements
for the interchange of traffic would remain on
a bilateral basis, similar to today’s transit and
peering agreements. Suitable wholesale billing
arrangements would also need to be developed,
and mobile networks would need to consider how
to deliver the enhanced services and the technical
implications, especially in legacy 3G networks.

The technology to deliver this option exists
today. The challenge, however, is using it as part
of the public Internet infrastructure, particularly
in finding common agreement on setvice levels to

be offered and setting up inter-working arrange-

ments (technical and commercial) to make it
function on a consistent basis across multiple net-
works to justify a premium price. Multiple service
levels have already been defined in current Internet
protocols, so the most acute task would be to set
up a process to select the quality levels and then
run the required testing and network synchronisa-
tion procedures,

Clearly the “value” of the higher-quality ser-
vices, (and so potential price that could be
charged) is directly dependent on there being a
discernible difference in performance versus best-
effort delivery. Although Connectivity Providers
may appear to have an incentive to degrade best-
effort services to increase revenue from the
enhanced service, we do not believe this is likely
to occur due to the stiff competition and opera-
tors’ interest in retaining overall market share in
the retail market. Such a short-sighted move
would lead to millions of regular-service-level
customers becoming dissatisfied and switching to
other Connectivity Providers. Therefore, as long
as there is a competitive market in retail broad-
band access, competitive forces would continue to
determine the quality of best-effort Internet ser-
vice and the market will determine an appropriate
balance. Many regulatory authorities are focusing
on the quality of best-effort Internet services and
promoting transparency on performance levels to
support a competitive market.

Standalone evaluation. The commercial
value of these services is directly related to the
improvement they offer over the future best-effort
delivery. Cleardly, if an Online Service Provider
is able to provide a satisfactory service to their
customers using best-cffort delivery they are
unlikely to pay extra for enhanced traffic delivery
services. However if congestion is disrupting their
sexvice delivery in a way that affects their own
revenues, they will be more willing to pay a
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premium, For example, a VoI} provider could
easily lose customers if its streaming service is
frequently interrupted and hence is likely to pay
for guaranteed quality of service. Advertising-
funded services may pay for enhanced service if it
improves the user experience (faster search, richer
content) and so helps attract more viewers/users
from competitors.

IP network designers face a trade-off between
investing in increasing transtmission and switching

The Internet ecosystem will find
efficient solutions to its structural
problems, allowing customers to
continue to enjoy high quality,

innovative services.

capacity, and investing in management systems to
differentiate traffic classes. For most of the past
years, while the Internet was only fixed and its
services delay-insensitive, the balance was tilted
towards investments in capacity. However, the
intrinsic capacity limitations of mobile broadband
access and the rise of demand of high-bandwidth
and real time services arc tilting the balance the
other way now. Quantifying the demand for these
premium services is difficult given we are consider-
ing content and delivery services that do not cur-
rently exist. However, the growth of CDN services
to date (reflected in the rapid growth of the major
CDN players. Akamai’s revenues, for example,
have grown foutfold over the past five years'?)

2 Wedbush Eguity Research, September 2010,
4 Internet Vatue Chain Economics, 2010, A, T. Kearney.

already indicates 2 willingness for Online Service
Providers to pay for services that deliver traffic
faster and more reliably to end users. We expect
providers of video-over-Internet and gaming ser-
vices to have the highest propensity to pay for
enhanced delivery and we estimate the value of the
Furopean market for these services will be around
€42 billion'* by 2014. If they were prepared to pay
around 10-15 percent in delivery costs (i.e. at least
the 10 percent broadcasters currently pay for satel-
lite and terrestrial broadcast
distribution), this would sug-
gest demand of around €4-6
billion per year for these ser-
vices. Other types of Online
Service Providers that sell real
time services may also be will-
ing to pay, which may increase
the value, although their traffic
volumes will be an order of
magnitﬁde lower.

Fmpact on the Internet
Value Chain. Once estab-
lished, this option offers Online
Service Providers new service delivery options
which would be standards-based and so available to
all globally as easily as best-cffort services are avail-
able today. This would enable a provider in one
country to offer enhanced services directly to users
in new markets without the obstacle of having
to establish agreements with local Connectivity
Providers to deliver the enhanced service. By doing
50, it opens new opportunities for Online Service
Providers to launch more advanced services that
may not be viable in the current best-effort model.
There is clear benefit for end users who will have
access to services that would not otherwise be
available, such as HD, 3D on-demand movie
services or improved online gaming.
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By maintaining the best-effort Internet ser-
vice at existing price points this option also helps
sustain the continued increase in Interner access
to a broad population and promotes usage, with
the positive aspects for Online Service Providers
already mentioned in option 2. It also ensures that
all those currently making their content available
for free, from blogs to small businesses to public
services, would continue to do so without the dis-
ruption that would arise if the best-effort Internet
became too congested with high-bandwidth com-
mercial services. There could of course be opposi-
tion to the idea of a “two-class” Internet, but this
would really be a choice for the Online Service
Provider, which is already making a series of eco-
nomic trade-offs about its technology investments
or go-to-market strategy (and some of which are
already choosing to bypass public Internet infra-
structure in search of better performance). For the
end user the question of how the wraffic is deliv-
ered would remain immaterial and they would
focus instead on the quality of the overall service
they receive relative to the price paid.

Summary. This option should be considered
as complementary to today’s best-effort Internet,
not a replacement. There is the complexity and
cost of setting up the new services and billing
arrangerments in a coordinated way but this should
be feasible in the medium term.

However there are two limitations of this
option. Firstly it does not establish a strong price
signal for best-effort traffic on either side of the
market so the structural problem is not fully
addressed. However if the most bandwidth inten-
sive applications/services can be more efficiently
distributed, this will help reduce potential conges-
tion of best-effort Internet traffic which is in every-
one’s interest. Secondly, the concept of priotitising
some traffic over others, even in a transparent

manner, contravenes some of the stricter inter-pre-

tations of Net Neutrality proposed by some interest
groups and its implementation could lead to an
extended period of debate. Assurance by regulators
that such an approach is encouraged under an open
Internet policy would give regulatory certainty for
operators who wish to advance with this model.
Although this option is based on open
standards that all Connectivity Providers would
need to adhere to, the pricing and inter-Provider
agreements would all be based on normal com-
mercial agreements. In fact, precisely because all
services are standards based, the market would be
particularly transparent and cfficient (as it is for
transit services today) in finding the right market

pricing for the new services and indeed varying

these over time as demand for higher quality ser-
vices almost certainly grows. This option should
therefore not pose any regulatory challenges as
fong as the concept is clearly explained.

4.4 Enhanced Quality Services Based on
Bilateral Agreements

In our fourth option, enhanced traffic delivery
services are offered on a bilateral basis by Retail
Connectivity Providers to Online Service Providers
to improve and differentiate delivery over their
access networks. Such services could be bundied
with hosting/caching services as part of integrated
“managed services” and would be a natural exten-
sion of the growth in content delivery services that
currently seck to address congestion in the core
network layer, In practice, alliances may form (as
they have in the Managed VPN/MPLS services
area) between groups of Rerail Connectivity
Providers and CDN opetators to offer services
with broader reach and a stronger proposition to
the Online Service Providers, who would proba-
bly prefer to avoid having to strike bilateral agree-
ments with every Retail Connectivity Provider in
each rarget marker.
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These enhanced services would be part of the
Connectivity Providers’ service offering (both
retail and wholesale) and could be customised and
tailored to address local demands and neceds. They
could include exclusive content such as IPTV and
VoD services or higher speed delivery of public
content to the end user {see figure 23).

Implementation challenges. In contrast to
Option 3, this option is based on bilateral agree-
ments for enhanced services using dedicated net-
work resources. The best-effort public Internet
remains as it is today using current core infrastruc-
ture, but in addition, Online Service Providers
make commercial agreements with Retail Connec-
tivity Providers on a bilateral basis, although the
services should be available to all Online Service
Providers that pay for them. Content delivery net-
works may act as aggregators, combining multiple
Retail Connectivity Provider solutions with their
own to offer “end-to-end” packages to Online
Service Providers. Retail Connectivity Providers

Figure 23

need to be able to offer QoS guarantees within
their own networks, not visible to the public
Internet, which many are already doing to deliver
IPTV services as part of service bundles to revail
end users, Mobile networks could develop bespoke
services that enable Online Service Providers to
tailor services and applications to mobile users or
adapt other services to better suit the technical
limitations of mobile networks.

Standalone evaluation, This option offers
the widest potential for Connectivity Providers to
quickly develop innovative services that comple-
ment the needs of new online services, without
needing to coordinate with the whole industry on
technical or commercial standards. The potential
opportunity is similar to option 3 (estimated
annual revenues of around €4-6 billion by 2014)
but the increased flexibility and diversity of
services may result in Connectivity Providers
being able to meer more closely the needs of
Online Service Providers and in so doing, raise

Option 4, enhanced-quality services based on bilateral agreements
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more revenues. By avoiding the need for the

consensus required in Option 3, innovative

Connectivity Providers will be able to launch new

services more quickly and potentially extract more

of the added value and a better return for their
innovation and investment. There would also be
no restrictions on how services evolve or what new
services may emerge in future given that the public

Internet continues to develop as it has done so far.

Providers of CDN services have been growing

rapidly in recent years as Online Service Providers
seck to improve the delivery of their content but
CDNs are not able to improve delivery over the
access networks. To date the access networks have
not been a limitation but with the expected
increase in high-bandwidth services, especially
video services, this is becoming a more important
requirement. This option opens up the possibility
and the potential revenue opportunity that incen-
tivises Connectivity Providers to invest in the nec-
essary infrastructure in the access networks to
deliver the services. In fact there are already exam-
ples of such enhanced services today,

* BT Content Connect. A service recently
launched by BT aimed at video content ser-
vice providers allows them to pay to have con-
tent cached closer to the end user in order to
improve the quality of delivery and the user
experience and to avoid congestion

* Telstra. The company makes public that it
hosts certain content on its network (YouTube)
and that accessing such content does not count
toward end-user traffic download limits. This is
a move toward differentiating access services on
more than basic petformance.

¢ Managed IPTV services, Many operators now
bundle [PV services as part of the broadband
access package, generally under their own brand,
which are delivered over the access network
using traffic prioritisation/reserved bandwidth.

As in Option 3, the quality of best-effort ser-
vices is expected to be maintained at acceptable
levels driven by competitive forces, although in
option 4 the bilateral deals would mean Retail
Connectivity Providers will be better able to dif-
ferentiate their offerings and so would be compet-
ing on more than pure price and quality of service.

Impact on the Internet value chain. This
option would benefit Online Service Providers
who will be offered enhanced services on com-
mercial terms that make it possible for them to
launch new services in a similar way to option 3
but almost certainly in a quicker and more flexible
manner, The price for this is the management cost
of setting up many bilateral agreements. Initally,
this might appear to be a barrier to emtry for
smaller Online Service Providers but we expect
that CDN providers would develop offerings for
smaller players, acting as aggregators or resellers of
CDN capacity. In fact, it seems likely that a
vibrant competitive market would develop for
such services, where new business models and new
entrants could quickly establish themselves.

Regulators would naturally wish to scrutinise
elements of the market under this option. They
would need to ensure that a less standards-based
approach does not allow a small number of global
providers to erect barriers to switching that could
restrict long-term choice and competition, Where
Connectivity Providers choose to bundle non-net-
work services with network services in the retail
market, they would at times be asked to demon-
strate that they are not unduly discriminating
against competitors. Yet none of these issues is new
and existing regulatory and anti-trust frameworks
should continue to be sufficient to prevent abuse.
Recent commentary by the UK government, for
instance, has been supportive of the evolution of
the Internet in this way as long as transparency is
maintained and the same commercial offers are
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made available to all market participants in a non-
discriminatory fashion.

This option would enhance the end-user
experience in two ways. Firstly, they would enjoy
better quality when using Online Service
Providers' high performance services. Secondly,
their best effort services would be less prone to
congestion as the main sources of congestion that
may degrade quality would have been taken out
of the public Internet. The same applies for
organisations offering their content for free, as
discussed in option 3.

Summary. This option should be considered
as complementary to the best-effort Internet ser-
vices currently offered. It has an obvious commer-
cial appeal in that future investments are based on
Online Service Providers' willingness to pay for
the services offered and successful services will
attract more investment. By providing an alterna-
tive to the best-effort public Interner, it ensures
the sustainability of traffic delivery services. When
combined with CDN services, this option offers a
high-speed private infrastructure for those willing
to pay, while the best-effort infrastructure remains
for all other traffic and is preserved from worsen-
ing congestion, although as with option 3, the
price signal is still absent in that part of the market.
Above all, this option has the advantage of speed:
it would take less coordination and planning o
implement it and begin to address the structural
problem in the Internet value chain.

Provided these services are open to all poten-
tial market participants on fair terms, the key
policy issue would be ensuring the sheer trans-
parency and competitiveness in the Connectivity
market. As in option 3, some interest groups
would consider this diversity of provision and dif-
ferentiation of service levels to be against their
strict interpretation of net neutrality principles,
However, a counter-argument is that one cannot

prevent commercial organisations from agreeing
to bilateral commercial terms as long as they are
transparent and non-discriminatory.

4.5 Summary Evaluation of Options

'The four broad options are all possible solutions
to address the structural problem of the current
Internet model and all merit further exploration.
As described in figure 24, each can only resolve
part of the structural issues (for example, incen-
tives, pricing signals, traffic optimisation, future
sustainable investment funding, and openness of
the model) and none of them on its own offers a
silver bullet in terms of a viable long-term resolu-
tion of all the pressures discussed in section 2.

Option 1: Modification of Retail Pricing
Schemes. This is a default option if no decisions
are made on creating alternatives. It helps raise
additional revenues but does not address the struc-
tural problem and may have negative conse-
quences on take-up and usage, with consequent
impacts for Online Service Providers in terms of
smaller target audiences.

Option 2: Traffic Dependent Charges for
All Traffic. This cstablishes the necessary price
signal most strongly. The challenge here is in the
feasibility of implementing such a solution on a
regional or global basis and the potential impact
in terms of some Online Service Providers with-
drawing content that cannot be monetised. By
avoiding putting additional cost on the end user
this option promotes wider Internet penetration
and usage, which should be to the benefit of
Online Service Providers too.

Option 3: Enbanced Quality Services over
the Public Internet. This brings new functional-
ity to the Internet and increases revenues from
those who choose to use it; it does not fully address
the underlying structural problem of growing
best-cffort traffic. Here too there is a complex
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Evaluation of options for the viable Internet model
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Source: AT Kearney anatysis

timing challenge in terms of coordinating the
implementation and some uncertainty over how
much revenue such services would raise. The
enhanced services would encourage innovation

and investment in new Online Services which

the best-effort Internet today.
Option 4 Enhanced Quality Services Based
on Bilateral Agreements. This is perhaps the most

exploit their potential in ways not possible over

practical option in terms of shore-term implemen-
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tation and is also one of the default options if no

decisions are made on creating alternatives. It does

not completely address the structural problem for

the best-effort service either, but it does provide a

workable alternative service that could be used to

continue to drive innovation and support the
needs of new services yet to be launched for which
best-effort delivery is not sufficient and for which
revenues could be raised. This option would pro-
mote innovation in Online Services and also allow

Connectivity Providers to experiment with new

service offerings.

Considering this assessment, it seems that the
most desirable way forward will be a hybrid solu-
tion that involves a partial implementation of sev-
eral of the models described in this paper:

* Option 1 could be pursued in combination
with any of the other options as the two-sided
market finds the right equilibrium to fund
investment

* Options 2 and 3 could be complementary, with
some Online Service Providers paying a fee for
best-effort delivery and others paying a pre-
mium for enhanced QoS delivery

* On the same basis, Options 2 and 4 could be
complementary, with the business case for
an Online Service Provider to make bilateral
CDN-like arrangements strengthened if best-
effort delivery also has a modest charge

Options 3 and 4 could directly compete with
each other, both being means of achieving higher
quality of traffic delivery but the difference being
in whether this is in a coordinated way via the

public infrastructure or via bilateral agreements

and the use of private infrastructure/managed ser-
vices. Technically they could co-exist and the
competition to offer cost-effective enhanced ser-
vices could actually provide healthy competition
that drives both forward.

For each option, there are different policy
concerns. For option 1, there is the tclecoms
policy objective to promote penetration and
widen access to the high speed Internet and there-
fore any increase in retail tariffs would need to be
thoroughly considered and implemented in a way
that does not exclude those unable to afford higher
prices. In addition, there is also the potential legal
complication of applying charges related to traffic
not requested by end users.

The traffic dependent charge proposed in
Option 2 may raise concerns for the viability of
less well-funded Online Service Providers used to
very low connectivity fees. However, based on our
assessment, it should be affordable for both sides of
the market and also support tackling the piracy
issue. Options 3 and 4 are likely to be somewhat
contentious at first since they introduce differenti-
ated services where currently there is only best-
effort, although it should be noted that currently
option 4 is generally considered o be outside of the
public Internet and so classed and regulated as a
private managed service by regulatory bodies.
When set against the “do nothing” alternative of
worsening congestion and unusable services, how-
ever, it is difficult to argue thar these options
are damaging to the founding principles of the
Internet, which was designed first and foremost
to be resilient in maintaining communication flows.
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h. Conclusians

This study demonstrates that there are clear struc-
tural problems in the current Internet economic
model making it increasingly inefficient and ulti-
mately unsustainable as traffic growth continues,
usage patterns evolve and new applicarions are
developed. For the Internet ecosystem to fully
develop its potential there is an increasing need to
find soludions to the current structural problems.
Two main problems have been identified:
+ Few economic incentives exist for

Online Service Providers to use net-

work bandwideh efficientdy. In par-

ticular, the massive growth of video

usage and its inefficient management

by standard Internet routing pro-

cedures places excessive pressure on

network capacity. The resulting con-

gestion leads to high opportunity costs

for innovative online applications and

content. Network optimisation/traffic

management approaches are necessary

bur not sufficient in the medium term

to overcome the structural problems

and to ensure the viability of the Interne.

Networks have not been able to monetise this
traffic growth and if no new incentives are cre-
ated to encourage network operators to invest,
growing congestion problems will diminish
the customer experience and limit innovation.
Online Service Providers will find it increas-
ingly difficult to ensure a satisfactory customer
experience and their business models will be
unable to exploit their potential. This will have
implications not only for the Interner ecosystem
but also for the economy as a whole.
Customers benefit from access to a wide vari-
ety of content, while Online Service Providers
benefit from access to a large population of end

users. Network operators provide the platform for
this relationship and must find an efficient pric-
ing balance between the two sides, taking into
account the relative value detived by each and
providing appropriate price signals for both sides
of the market. The two-sided market concept has
proven successful in many industries.

Four options of alternative Internet economic
models have been explored in this study. If com-
bined in the right way, these options have the
potential to promote more efficient use of a

There is great potential for
new win-win solutions, and
for all parties in the Internet
value chain to gain.

common infrastructure while “incentivising” net-
work operators to continue investing for the ben-
efic of all. All four options should be further
explored as elements from each play a role as the
Internet evolves as a two-sided market.

The choice of the preferred commercial solu-
tion or mix of solutions will be different for dif-
ferent players depending on their position on the
Internet value chain and their specific market sit-
uation, None of the solutions should be a priori
excluded, provided each is implemented trans-
parently and is consistent with competition law.
Market players have the obligation 1o find a new
equilibrium to the benefit of the Internet ecosys-
tem and society at large. There cleatly is the
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potential for new win-win solutions, and for all
parties to gain.

AT. Kearney would argue that all partici-
pants in the Internet value chain should continue
to have the flexibility and freedom to devise and
test new business models to allow market forces to
establish a new sustainable equilibrium. Imposing
any specific option, or forbidding one or more of
them, risks preventing the Internet ecosystem
from finding efficient solutions to the current
structural problems and therefore would prevent

Authors

customers from enjoying high quality and innova-
tive new services. Existing general competition
law should be sufficient to deal with any potential
anti-competitive behaviour that may arise in open
and developed markets. This report therefore
does not see a need for new legislative prescrip-
tions or regulatory interventions. Policy makers
globally should be supportive of commercial ini-
tiatives contributing to investment, innovation
and more efficient use of the Internet for the
benefit of all.
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Appendix {Report Methodology)

Methodolagy for Capex Model for Gngoing
Traffic Growth in Existing Networks

Fixed. Our approach starts with the Cisco
VNI traffic forecast for Western, Central and
Eastern Europe, shown in figure 9.

Based on our Global Cost Benchmark studies
and industry interviews at various European oper-
ators, we estimate that around 20 percent of fixed
Telco capex is used to expand Internet network
capacity. Of the other 80 percent, 25 percent is
typically for IT investments, 20 percent for net-
work renewal and compliance, and the remaining
35 percent is investment in network growth in
other services e.g., MPLS, WAN etc. However, in
reality, it is difficult wo split network investment
definitively since a lot of backbone infrastructure

Figure A

Typical breakdown of capex {based on 2009 data)
for fixed connectivity providers

108%

O Nan-network
(parifcularly IT)

25% {3 Refurbishment
[ Network grovth

0%

Internet-
refated

[ . 1
Fixed

Note: Based on 2003 data frem a selstion of European fixed and mobife operators
Sources: A.T Kearney Globaf Cost Benchmark; Company financials

is shared between Internet and other services and
many network investments are driven by both
renewal and capacity needs. For particular opera-
tors, the breakdown could be very different and
also a funcrion of the size of their Internet services
business relative to other services.

For fixed European Internet traffic, the CAGR
2009-—2014 is forecasted to be 35 percent, reach-
ing 14,611PB/month in 2014 (see figure A).

Using the capex ratio and applying to indus-
try total capex figures, we have calculated an “aver-
age cost per PB added” based on historical data
which lead to €2.4 Mn/PB per month in 2014.
‘We then used this to calculate the capex required
to fund future teaffic growth, based on the follow-
ing assumptions:

* The growth assumes a similar traffic profile to
today and no change in traffic type. The shift
toward a higher proportion of video stream-
ing applications in particular, may necessitate
increased investment, if quality is to be main-
tained at today’s levels, but to be conservative,
we have not included this in our model

The capex allocated to “network growth” proj-
ects is funding the additional traffic (i.e., if no
growth, only maintenance capex is required)
and in-year capex funds each years traffic
growth. In reality there will be some lag or use
of “spare capacity buffers” and considerable year
to year variations in capex, but the long term
trend will hold.
* A 15 percent cost improvement in the unit cost
of capacity each year is assumed
» Average cost of PB is not stricily the correct
unit; it is the growth rate that is important.
The approach works by assuming that capacity
added correlates with total traffic increase.
We used these assumptions and calcula-
tions to model the capex required to meet the
traffic forecast and then mapped this against the
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trendline capex and the results arc shown in
Section 3.2.3.

Mobile. For mobile we have taken a slightly
different approach based on calculations of the
number and cost of the additional sites required
to meet the forecast traffic demand (see figure 11).

In modelling the mobile capex required, we
used a constrained growth scenario from 2012
onward, assuming constant capex atr the same
level for following years (without I'TE, it is hard
to envisape forecast traffic growth as feasible)
which constrains growth so traffic is less than half
Cisco'’s 2014 forecast.

For the 3G only scenario in section 3.2.4, we
have modelled the number of sites required to
deliver the incremental capacity, based on a typi-
cal average monthly site capacity of 0.7 TB/
Month {from our experience of typical site load-

Figure B

Typical breakdown of capex (hased an 2009 data)
for mobile connectivity providers
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ing and certainly below the theoretical capacity
of a site).

We then modeled the cost of these sites based
on 50 percent new sites (so civil works, site rental
etc required), and 50 percent existing {only a new
Node B required). This equates to around 410,000
new sites across Europe, at an effective cost of
€192 Mn/PB per month of incremental capa-
city added, including backhaul and aggregation
investments.

We then calculated the capex for these sites.
"The 2006-2010 data capex was derived from
Oppenheimer’s historical and projected total
mobile capex from 2006-2011 by estimating that
around 50 percent of total Telco capex is used to
expand mobile Internet network capacity. As
shown in appendix figure B, of the remaining 50
percent, 24 percent is typically for IT investments,
6 percent for network renewal and compliance,
and the remaining 21 percent is network growth
investment in other services.

We assumed a 3.5 percent growth in trend
capex to match forecast growth in revenues. The
difference is then the additional capex required
to be funded.

Consistent with ongoing capex rather than
a one-off investment, we have calculated addi-
tional revenues required based on maintaining
a 25 percent capex/rev ratio (based on European
mobile data capex and revenues in 2010).

As explained in Section 3.2.4, if this level of
traffic growth materialises operators will seek 1o
deploy I'TE earlier as it is a more cost effective
means of deploying such large capacity. We mod-
eled a hybrid solution where 13 percent of mobile
traffic is carried on LTE networks in 2014. This
reduces the number of 3G sites required and
replaces them with a lower number of LTE sites.
We assume that 70 percent of LTE sites will be on
existing towers and 30 percent will be greenfield

AT Kearney



sites. For core network, we made an allowance for
transmission upgrade costs in the cost per site.

In order to calculate the revenue required we
have assumed the additional revenue required is
four times the incremental capex (25 percent Rev/
capex ratio) because the increased capex is not
one-off investment but in fact will continue to
grow and that traffic growth will not stall or flat-
ten out in the medium term,

Methodoiogy for Case for Fibre

In section 3.2.5 we estimated the capex require-

ment of rolling out FT'TH and FT'TC networks.

In calculating the required capex and subsequent

revenue funding, the following assumptions

were taken:

+ Considering the competition and policy pres-
sures facing the Connectivity Providers, the
capex model was developed to be aligned with
the EU 2020 fibre roll out target (100 percent
household coverage via FTTC) assuming 50
percent household coverage by 2014,

* We differentiated the deployment costs between

urban vs. suburban areas. To achieve 50 per-
cent of household coverage, we assume 100
percent coverage in Urban and a percentage of
coverage in Suburban for each EU 27 country
based on the distribution of the houscholds in
each country.

* We assumed no coverage in rural areas both for
economic considerations and to ensure a con-
servative estimation.

¢ We also assumed 2:1 FT'TC o FI'TH rato as
an interim step to achieving the EU targer for
both urban and suburban areas; and capex per
houschold ranges between €350-€2,000 for
FTTC and €1,000-€4,000 for FITH.

e For opex, we assurned the upgrade is opex neu-
tral because copper still needs to be maintained
in the medium term.

* For core network, we have included an allow-
ance (10 percent of the total investment) for
backhaul and Connectivity Provider backbone
to cover additional traffic generated.

This gives a capex requirement of €116 bil-
lion for the EU 27 countries.
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Glossary

ARCEP (Autorité de Régulation
des Communications
E[enlmniq_uss ot des Postes)

independent agency in charge of regulating telecommumications in France. It can be compared with the
1.8, Federal Communications Comsmission {FCC).

Backhaul A spacific network function that connects core switching nades to the many physical sites that make up the
. . "edge” of the hierarchical network (e.g., mobils base station sites or fixed network local-exchanges).
Bandwidth A measure of data transmissfon speed, expressed in bits/second or muitiples of it (kilobits/s, megabits/s}.
Best Eflort Internet Principle that on the Internet there are na setvice guarantess for content delivery {as opposed to
. : private/managad netwark services). On the Internet good-faith efforts will be made to achieve the best result
in sarvice defivesy depending on the trafiic load.
BitT@_rra_nt A popular pear-to-peer ile sharing protocol used for distributing large amounts of data.
Broadband ' _ A high data rate, always-on connection to the Internet. E.g., ADSL, cable and 3G Internet access.
CDN (content disteibution’ A system of computers containing copies of data, placed at various paints in 2 network, so a3 fo maximize
network} . bandwidth from clients throughout the network. A client accesses a copy of the data near ta the client, as
- : opposed to all clienis accessing the same central server, to avoid bottlenecks near that server.
Any af the network aperaters offering Internet connectivity services, whether wholesale services to other

Connestivity Providers

telecom operators, ratail services to consumers ar business orientated services to enterprises.

) Bqnteni Rigfits Dwners

The legal owners of propristary contsnt, including companies such as Time Warner, ABC and NBZ Universal.

Differentiated Services

On private networks, telcos may offor a variety of data defivery services tailored to different types of traffic.
From technical perspective these could also be offered over the public Internet if there was a commercial
agreement between all operators invelvad,

E-commerce.

The buying and salling of producis or services over electronic systems such as the Internet and ather
computer networks.

Enabling Technology/Services

Companies providing various supporting services that aid the entire value chain, such as enabling online trans-
actions, providing online advertising solutions and providing support technology. E.g. Paypal, Nielsen and
Akamai.

FGC (Thie Federal Communication

Independent agency ofthe U.S. government in charge of requlating telecommunications, including broadband,

Cqmmissigm . competition, the spectrum, the madia, public safety and homeland security.
FITI:!Fﬁ'H Fibre to the Cabinet/Fibre to the Hame—these are variations of fire deployment that use fibre infrastructure
. rather than copper in the last mile to increase the bandwidih offered to end consumers.
. GB {Gigabit}: Multipte of the unit *bit “for digital information. 1 gigabit = 10,000,00,000 bits.

Tntérnet Core {or baokhone)

Refers to the principal datz routes and infrastructure connecting large, strategically interconnecied networks
and core routers in the Internet.

IPTV {Internet Protecol television)

See: Video over Internet,

ISP {Internet Service Provider)

See: Connactivity Provider.

Last Mila (or Fixed Avoess
neftwork) - e

The last mile is the communications link, that connects subscribers to their service provider's network infra-
structure. Access network technalogies include DSL, czble, fibve optics for fixed; GSM, UMTS and LTE for mobile.

Network congestion

Occurs when a link or node has excess traffic, causing impairment to network connection, Typical effects
inchide queving delay, packet loss or the blocking of new connections.

NRA's {National Regulatory
Authotities)

Implement the regulatory framewaork for sections of public service and economy, laid down in EU and nationa
law.

Ofcom (The OHice of
Communications}

The independent telecommunications ragulator and competition authority for the communication industries in
tha United Kingdom.

Bnlina Sawit_:n Provider

Any provider of Internet-based content or end-user service, including news websites, social networking sites,
Internet retailsrs, online gaming, Internet TV, messenger/communrications services ste.

Dver-The-Top (OTT)

A variation of name used to refer to the services offered by Onling Service Providers. It refers to the fact that
theservices are offered over the Iniernet infrastructure,

Peer-ta-Peer (P2P) .

Distributed application architecture that partitions tasks or work loads between peers, rather than using
a centralized server.
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Petabyte (PB)

A unit of information equal to one quadrillion bytes (BJ. 1 P = 1,000,000,000,000,000 B.

Quality of Service {0o8)

The name given to the veariety of services that can be offered over private networks are differentiated
from ‘hest effort. Different services can have different characteristics such as low latancy, low jitter
ard high-priority, There are a number of different protocols used to deliver such services, e.g. MPLS.

Software as a Ssrvice {SaaS)

Software applications provided to users as a service and paid for on a usage or rantal basis, rather than
he mora traditional modal of users buying licenses outright, running them on their own Infrastructures and
supparting it themselves.

Streaming

Data is constantly received by and presented to an snd-user while being delivered by a strearing provider,
as opposed to downtoad and store.

TCP (Transmission Gontral
Protocol)

One of the core protocols of the Internet Protocol Suita. TCP is one of the two aviginal components of the suite,
complamenting the Internat Protocol {IP}, and therefore the entire suite is commonly referred to as TCP/F,

Telemedicine Application of clinical medicine where medicat information is transferred thraugh interactive audiovisual
media for the purposa of consulting, and sometimes remote medical progeduras or examinations,
Thrattiing . A technigue emplayed in communications networks to manage network traffic and minimize congestion. For

example, & server might limit, or throttle, the rate atwhich it accepts data, In order to avoid overloading its
progessing capacity.

Traffic Management

The activity of taking specific actions in response to congestion on particular links {i.e., Traffic exceeds
capacity at a given mament) when it necurs. This will ganerally take the farm of a'set of palicies that are
jmplementad on routars to determine how they should respord {re-routing, discarding certain teaffic).

‘User Interface Providers

Companies providing devices or applications that end-users then use to access {nternet-based content and
sarviges. A PC and browser is the obvious ussr Interface but thers are also a whole rangs of others including
mobile phanes, cannected TVs, games consales. Providers include companies such as Dell, Nokia, Microsoft
and Mozilla.

Video over Internet

Video-driven content detivared via Internetto PC or TV, instead of & traditional radio frequency broadcast. This
includes cateh-up TV, VoD and five talevision and excludes contents delivered through managed services
such as [PTV

- VoD {Video-on-Demand)

Systems that allow usersto select and watch or listen fo videa o7 audie content whenever they choose.

VolP {Voics over latamet
Protecal)

Transmission technologies for delivery of voice communications and multimedia sessions over Internet
Protocol {IP) netwarks, such as the Internet.
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= \World Content Delivery Networks Market, Frest & Sullivan, 2008

Analyst reports a
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 Ebay, Morgan Stanley report 07 22 19, Morgan Staniey, 2010

+ European Telecams Matrix 30 2010, Bank of Amarica Mersill Lynch, 2010
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» Maobile capex, Crédit Suisse, 2010

* Peeling the Onion: Carrier Edition 2009

= Paeling the Onion: Carrier Edition 2009, Oppanheimer , 2008

o Telecoms Equipment and Services, Cheuvreux, 2010

« The Mohile Internat Report, Morgan Stanlay, Dec 2009

+ Wedbush Equity Research, Sep 2016

Press reviaw

« Amazon Grabs the TV Remote, The Wall Street Journal, 2010

« Apple tweaks iPods, Apple TV box; tech giant alse unveils new version of iTunes with social netwerk, USA Teday, 2010

+ AT&T Addsto Verizon Soogle Net Neutrality Debate, sWEEK, Aug 2050

+ ATAT: Net rules must allow "paid priaritization”, GNET, 2010

= Da Apple & Google, les péents d el'alectrenique st du web fantasment sur I'écren de |a télvisions, Le Monds, 2010

« (E, Comeast announca joint NBC Universal joint ventura deal, CNN, 2009

» Hara's Tha Real Boogle/Verizon Stary: A Tale of Two Internets, Wired, 2010

« Netflix to Stream Films From Paramount, Lions Gate, MBM, New York Timas, 2010

o Télévisign at [nternet, un mariage encore brovillon, AR, 2010

« Verizon, Google Mag Traffic Pkan; Tha Two Say Proposal Esses "Net Mautrality” Pehate; Critics Say It Could Creats Private Netwerks, The
Wall Street Journal, 2010

Annual repeids 8 finanzials

= Multipie cempany annual reports and financial statements

Company publications

« Facts about our network neutrafity palicy proposal, Google, Aug 2010

* Global IP traffic to increase more than fourfald by 2014, Cisco, 2010

» [nternet Qo8 - the Underlying Ecancmics, British Telecom, 2010

= Mobile braadband with HSPA and LTE — capasity and cost aspects. Nakia Siemans Networks, 2010
= Tha Valug of Content Distribution Networks, Googls, 2010

« Verizon-Gongle Legislative Framewurk Proposal, Google, 2010

« Visual Networking Index Glabal Mabile Data Forecast 2009-2014, Cisco, 2010

Regulation papeTs '

= Comments of the Ggen Internet Coalition - FCT Ne., 08-83, FCC, Oct 2009

» Comparative international pricing, Ofcom, 2008

« Elémants de réflexion et premiéres arigntations sur la neutralitd da I'internet et des réseaux, ARCEP, May 2010

« Europe's Digital Compatitiveness Report - Voluma 1: 12010 — Annual Infarmetion Society Raport 2009 Benchmarking- i2010: Trends and
main achi ts, Eurepean GCommissi

« Eurostat, Sep 2010

* European Mobile Industry Observatory, GSMA

« (Questionnaire: For the public consultation cn the open Intemet and Net Nauirelity Eurape

= Traffic Management and Net Neutrality, Ofcom, Jun 2010
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Ericsson, Verizon Wireless And Samsung Demonstrate Voice Over LTE

+ Over-the-air demonstrations at Mobile World Congress February 14-17
+ Global, interoperable voice solution in LTE mobile broadband networks
« Consumers will experience telecom gquality Voice over LTE and converged muliimedia capabilities in mobile
and fixed networks

02/14/2011

BARCELONA, SPAIN — Ericsson, Verizon Wireless and Samsung today at Mabile World Congress made one of the
world's first LTE voice-calls over a smariphone with an IMS client for Voice over LTE (VoL TE).according to GSMA
specifications. The companies accomplished this over Ericsson's LTE demonstration network based on commercial
products-and using Samsung's 4G LTE smariphone, which will be available through Verizon Wireless in the United
States {ater this year.

VoL TE will provide consumers and users with rich communications servicas and outstanding call quality. These
demonstrations are among the many steps toward commercial availability of interoperable, glohal devices and
network infrastructure suppotting voice services over LTE.

Based on established industry standards, VOLTE will give network operators the ability fo offer enhanced voice
services an LTE networks around the globe. Consumers benefit from additional mobile: setvices such as presence,
video and chat, which can be available from any device, location or service provider In both mebite and fixed
broadband data nétworks.

"Today's demonstrations are important because operators need to start making strategic decisions about how to
maintain and develop their current voice and SMS husinesses when launching LTE mobile broadband networks,"
said Johan Wibergh, Head of Ericsson’s Business Unit Networks. "VoLTE allows operators to provide telecom grade
voice services, along with enriched multimedia services, using an interoperable, global standard.”

"Werizon Wireless has always been an innovator in the technology industry, and VoLTE is the most recent example,”
sald Tony Melone, chief technology officer, Verizon. "We're working hard this year on this technology and expect fo
have commercial VOLTE services avajlable in 2012."

*Samsung is proud to have played a key role in today's successful tria! and demonstration of the power, speed and
connectivity of voice over LTE communications,” said Tom Jasny, vice president of 4G and mobile broadband for
Samsung Mobile. "Samsung has made a significant investment in the devélopment of both LTE-enabled devices and
LTE infrastructure and it is gratifying to see our commitment to 4G innovation come to fruition.”

The solution for providing VoLTE includes LTE radio access equipment as well as Evolved Packet Core, policy
control, Multimedia Telephony (MMTel) deployed in the IMS core as service engine for voice over LTE and fixed

services.

The companies will be-demonstrating devices and live calls at Mobile World Congress in Barcelona through Fébiuary
17.

Notes to editors:
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