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Corporations are also starting to invest time and money in 
university relationships, as the Nokia and University of Nairobi 
relationship has shown. Nokia has invested both time and 
money into working with UoN, working jointly on social media 
related mobile products The application, co-created with a 
Finnish university, is called Nairobi Sizzle (www.nairobisizzle.
com), and enables the study of user behaviour in a social 
network. A number of universities in the region are helping 
build the skills necessary for a local content industry.

There are an increasing number of non-traditional institutions 
that have started changing the content landscape in the 
past year or so, working with business. The iHub, Nairobi’s 
innovation hub for technologists, and the Hive Colab 
in Kampala are two of these (the author of this paper is 
associated with iHub). Corporations are working with these 
new instititions to promote local developers. For instance 
Safaricom is working with both the iHub and Strathmore 
University to provide access to its infrastructure. This will 
give local developers a way to try out new applications and 
services on Safaricom’s network. In return , Safaricom gets to 
see potential innovations on its network first-hand, and will 
have the opportunity to work directly with the entrepreneurs. 
At the same time, it has launched the Safaricom Innovation 
Board, whose purpose is to make it easier for developers and 
startups to access the network. Collaborations of this kind 
may prove a good way of providing local developers with the 
necessary scale to compete with global players.

4. Opportunities and challenges

The growth drivers of mobile web access include lower tariffs 
or new pricing structures, lower costs of handsets, new under-
sea fibre-optic cable, and sustainable competition among the 
mobile phone operators. However, there are also inhibitors 
such as high taxation, low-income levels amongst consumers, 
regulatory policies, a lack of business acumen among tech 
entrepreneurs, and corruption.

Handset costs
One of the largest growth inhibitors for MWC uptake, and 
hence the growth of the content industry, is affordability. It 
is a key issue for both current and future subscribers. There 
needs to be a good deal of device subsidization, data cost 
decrease, innovative business models and cross-media 
partnerships to reach beyond the middle and upper classes in 
East Africa.

East Africans generally lack sufficient disposable income to 
purchase smartphones. Manufacturers of these richer data 
enabled phones are working closely with the local operators 
to offer cheaper versions of the entry-level smartphones to 
consumers, but they still are not at the price point that will 
see mass adoption.

The price of mobile handsets in general has plummeted. The 
cheapest GSM handset cost as little as $12.50 new, much less 
if second hand. However, handsets that enable better mobile 
internet connectivity still cost upwards of $50.

African Digital Art meeting at the iHub in Nairobi, Kenya.
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Mobile phone operators are also devising new ways of 
making handsets available to their consumers – for example, 
Safaricom’s “Bonga Points” which can eventually be 
redeemed for a new handset. In February this year, Vodafone 
launched low cost mobile handsets, the launch supported by 
an extensive logistics infrastructure to reach the rural areas 
where mobile penetration remains low. On the other hand, 
Samsung and Sony Ericsson have seen consumers seeking 
Web and other PC-like functions increasingly turning away 
from their higher-end phones to computer-like smart phones 
from vendors like Nokia and Apple. Demand for smartphones 
is growing but will depend on lower prices. 

Mobile data access costs
Mobile data access charges have already fallen drastically, 
in large part due to the SEACOM undersea cable arriving 
and increased competition between operators, both mobile 
competitors and ISPs. However, the full cost of mobile data 
access and usage falls upon the end-user – there exists little 
market acceptance by content providers of a model that 
shares the cost burden.

Yet in Kenya, for example, approximately 40% of mobile users 
do not keep a balance on their mobile phone. This means 
that they might top up with 10-20 Ksh from time to time 
to keep their phone active, but most of the time they have 
the phone for people to call them. At the same time, there 
is a burgeoning opportunity and demand for mobile web 
content. So, the question is, how do you get that 40% active 
on the web with the current pre-paid model in Africa, where 
everything has a cost? The answer is most likely to come from 
the development of charging mechanisms that enable the 
cost of providing mobile internet access to be shared between 
both parties that benefit – end-users and content providers.

Facebook is the first major content provider to crack this 
issue. As described above, even users with no phone credit 
can browse for free basic functionality on the social network. 
Facebook and the mobile operator do a revenue-share deal for 
advertisements or work out a paid traffic model, depending 
on the country.

For publishers of mobile web content, there is a large 
untapped market which cannot be reached any other 
way than by letting end-users access content for free and 
monetizing in some other way, such as advertising or a 
revenue share option with the mobile operators. Surprisingly 
few others have made inroads into this Facebook Zero-style 
approach. This may be because type of deal lends itself well 
to publishers with a great deal of content and the ability 
to scale to millions of users quickly in order for advertising 
revenues to be worthwhile. Yet more organizations will need 
to look towards innovative business models, such as this one, 
to be successful.

There could be many more MWC business success stories in 
East Africa if entrepreneurs were to realize the potential size 
of the market using 2G and Opera Mini enabled handsets. 
However, technologists who know how to build the tools 
generally are not trained or skilled in business. Those who 
understand business have little understanding of what 
the technology available can do. Mxit, a mobile social chat 
application in South Africa that was launched in 2006, is a 

good example of the impact of this gap. It currently has 27 
million users.17 They took advantage of the drastically lower 
mobile data costs compared to SMS for chat, and took the 
market by storm. Why hasn’t this been imitated in East Africa? 

5. Conclusions

 East Africans are accessing the web primarily through their 
mobile phones. The new medium is enticing them online 
with the new services and content provided through a new 
medium. Broadband penetration rates are low enough in 
this region that we are not yet seeing the displacement of 
newspapers, radio and TV seen in other, more connected 
regions of the world. However, as with all network 
technologies, there is the potential for reaching a tipping 
point. This will depend on the provision of enough mobile web 
content that is valued by East African consumers.

The content driving East African users online is currently 
largely provided by international news and content sources, 
such as Yahoo! and the BBC, and also by global internet 
platforms, such as Facebook and Google’s Gmail. Even taking 
into account the decreasing data costs, falling data-enabled 
handset costs, and the increased availability of broadband, 
there would not be enough traction locally to get to the 
critical point if the content were not available. 

These international content sources and global web platforms 
generate demand, and therefore allow the mobile network 
operators to decrease costs as more users come online. 
International content is thus providing a pathway for local 
content creators. While local content is in high demand and 
there is a rapidly increasing user base, the mobile web content 
space in East Africa is in its early stages, and there are no 
clear leading content providers. At present the key trend is 
the provision of increasingly localized content by the leading 
global companies.

This paper has identified two important barriers to the further 
diffusion of mobile internet usage across East Africa: lack of 
m-government policies; and, more important, an absence 
of charging mechanisms which share the cost of mobile 
internet access between end-users and content providers. If 
governments embraced mobile-based provision of services 
and provided access free of usage charges to end-users 
(sharing the efficiency gains through payments to network 
operators), the potential impact on internet access could be 
dramatic. The challenge for governments and local developers 
of mobile web content is to utilize their local cultural 
understanding and ability to maneuver quickly to make their 
content more relevant and affordable to end-users. There 
are a few examples of innovative pricing driving content and 
therefore internet use, but if mobile web content in East Africa 
is to move from the current stage of predominantly global 
content and global platforms, the lessons of these examples 
will need to be implemented widely. 
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Appendix 

Interviewees 

Name Organization Country

Karanja Macharia Mobile Planet Kenya

Moses Kemibaro Dotsavvy Kenya

Paul Kukubo Kenya ICT Board Kenya

Joshua Wanyama Pamoja Media Kenya

Chris Kiagiri Google Kenya Kenya

Agosta Liko PesaPal & Verviant Kenya

Mbugua Njihia Symbiotic Kenya

Kahenya Kamunyu Virn Kenya

Daniel Kamau Inmobia Kenya

King’ori Gitahi Nokia Research Centre Kenya

Eric Cantor Grameen AppLab Uganda

Jon Gosier Appfrica Labs Uganda

Eric Kamau True African Uganda

Annie Smith Millicom (Tigo) Tanzania

Sandra McDonald Push Mobile Tanzania

Notes
1 http://www.telecomsmarketresearch.com/research/TMAAASXY-Blycroft-Africa-

Middle-East-Mobile-Telecoms-Market-Subscriber-Numbers-2Q-2009.shtml

2 African Mobile Factbook, 2007.

3 ITU, “The World in 2009: ICT facts and figures”, Geneva, October 2009

4 ITU, “Information society statistical profiles 2009 – Africa”, Geneva, 2009

5 “Internet usage statistics for Africa”, Internet World Stats,  
http://www.internetworldstats.com/stats1.htm

6 Nigeria is the most populous country in Africa. Internet access is estimated  
to be 7% and 1% is broadband. Information from Digital Sense Africa Forum,  
17-18 April, 2010.

7 Ghana has a Internet user base of about 1m subscription with a population 
penetration of 4.2%

8 In 2009, the Seacom cable connected eastern and southern Africa with Asia,  
and the TEAMS cable reached Kenya. Additional cables Glo-1, Main-1, EASSy 
and LION all came online in 2010, with WACS and ACE are planned for 2011-12. 
Satellite operators are planning to launch more satellites to refresh the capacity 
in the region. At least 36 new satellites are due to be launched by 2013, bringing 
the equivalent of 26,325 MHz of capacity.AllAfrica.com, “Satellite to fibre”, April 
23, 2010, http://www.dishtracking.com/forum/satellite-to-fibre-t-7636.html

9 http://www.itnewsafrica.com/

10 http://www.internetworldstats.com/af/ke.htm

11 TNS Kenya Digital Life survey http://discoverdigitallife.com/

12 See http://google-africa.blogspot.com/

13 Chapter 411A of the Laws of Kenya

14 https://sites.google.com/a/ict.go.ke/tandaa/grants-round01/2010-grantees

15 See “The Use an possibilities of m-applications in East Africa” paper by  
Johan Hellstrom of UPGRAID.

16 Naspers, the South Africa-based multimedia group, has multiple web-based 
services growing from South Africa into East Africa with Dealfish, for local 
classifieds, and Kalahari, an ecommerce site. However, Mocality, their mobile 
and web-based listing service and directory application for Kenyan businesses, 
is perhaps the best example of hyper-local content being driven by a local team 
and the “crowd”. 

17 http://memeburn.com/2010/10/why-mxit-is-south-africas-largest-social-
network/?utmsource=rafiq
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Radio spectrum is the critical scarce input into wireless 
services. Government regulation often makes its natural 
scarcity even more acute. 

For OECD countries, the challenges in managing spectrum are 
formidable. For example, the March 2010 National Broadband 
Plan for the U.S. claims a severe bandwidth shortfall awaits 
the mobile market in the immediate future. Without an 
additional 500 MHz – much more space than is effectively 
utilized today – advanced wireless networks will be stymied. 

Emerging markets face even more daunting dilemmas. There, 
far less spectrum is typically allocated for mobile services. 
Although mobile services have become extremely popular 
in these markets, spurring entrepreneurship and efficiency, 
network expansion has been thwarted. Additional bandwidth, 
now being wasted, could be productively utilized, boosting 
economic growth. Yet productivity-creating outcomes are 
blocked in each of the three key policy stages: the allocation 
of bandwidth; the assignment of licences; and the misuse of 
spectrum ‘caps’ to counter potential market power of carriers. 

This paper offers an economic analysis that links the social 
benefits of wireless services to spectrum policy choices. The 
examples of India and Mexico are used to show how regulators 
can lose focus on the primary objective, facilitating efficiency 
in output markets, resulting in a loss of welfare. 

Three types of standard policy errors are observed, and 
illustrated here: 

•   over-protecting, or “conserving,” spectrum to prevent 
“warehousing;” 

•   equating auction revenues with regulatory “success”; and

•   using spectrum caps to micro-manage competition. 

Each produces perverse, anti-consumer consequences, 
limiting productivity, reducing market rivalry, and blocking 
the emergence of advanced wireless services. 

1. Why policy makers should not 
withhold spectrum from the market

Mobile networks are bringing revolutionary changes to 
economies throughout the world. This makes it curious 
that public policy is often so careless about nurturing 
the emergent marketplace. The most basic ingredient 
in the mobile network is radio spectrum. More spectrum 
yields greater bandwidth, and therefore brings enhanced 
opportunities to provide both existing and innovative services. 

There are substitutes for the availability of more frequency 
space, most notably cell-splitting. By creating more cells 
within a given geographic area, whatever bandwidth is 
available can be more intensively exploited, as given 
frequencies are re-used from cell to cell. Yet cell-splitting is 
costly, requiring the construction and operation of additional 
base stations and associated networking (“backhaul”). And 
increasing cells will never change the reality that, for any 
given level of infrastructure investment, more spectrum 
would enable more traffic to be transported over the network. 

Hence, to restrict the spectrum available to mobile networks 
is to reduce the value of the services they provide. If there 
were other uses of spectrum that, at the margin, yielded 
better returns than mobile networks, then spectrum 
resources could be most productively utilized in the 
alternative employment. But the restrictions that policy 
makers consistently impose on spectrum for mobile services 
most often simply freeze virtually unused bands in place. 
These actions do not enable alternative wireless applications 

Thomas W. Hazlett is Professor of Law & Economics at George Mason University, where he also serves as 
Director of the Information Economy Project.  He previously taught at the University of California, Davis and the 
Wharton School, and is a columnist for the Financial Times. In 1991-92 he served as Chief Economist of the Federal 
Communications Commission.
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of higher value, they simply squander bandwidth. This does 
yield regulators option values, as they can decide what to do 
with unused frequencies at a later date. But these options 
have negative value to society. The bandwidth that lies idle 
is not saved but destroyed, as the opportunities not used are 
gone forever. 

The greater missed opportunity occurs in emerging markets. 
A recent study of wireless markets in Latin American 
countries shows that governments there usually impose far 
stricter limits on spectrum access than governments in more 
affluent markets. Using 2003 data on bandwidth allocations 
for mobile telecommunications services, the study found 
that the unweighted average mobile services allocation in 
Latin America was just 102 MHz. Members of the European 
Union, by contrast, managed to allocate 266 MHz on average.2 
Mexico allotted just 120 MHz to cellular services and India just 
100 MHz. 

The far higher totals in the E.U., where the U.K. managed to 
make 340 MHz available for mobile, and the Netherlands 
some 355 MHz, were not achieved by social sacrifice.3 The 
opportunity costs of using more spectrum for mobile paled in 
comparison to the highly valued outputs lost by walling bands 
of spectrum off from mobile subscribers. On the contrary, as 
wireless networks were given greater scope to grow in the E.U., 
technological advance and entrepreneurial activity delivered 
innovative services that generated large new benefits. Allowing 
idle spectrum to be deployed to create valuable services does 
create something akin to the proverbial “free lunch.”4

Categorically blocking access to airwaves in order to maintain 
“spectrum inventories,” as so many governments do, thwarts 
this process. It warehouses valuable inputs, increasing 
network costs and depriving emerging innovations of the 
bandwidth they need to prosper. The one way to reliably 
waste spectrum is to make it unavailable to the market. 
Nevertheless administrative systems used to allocate 
frequency rights typically attempt to “conserve” spectrum 
by allocating bandwidth only for specific identified purposes. 
This is a policy fraught with danger.

First, the policy does not derive from a careful balancing 
of different uses of spectrum over time; indeed, this kind 
of assessment is discouraged. Instead, due to political 
pressures and limitations on the capabilities and interests of 
administrative personnel, agencies pursue policies that retain 
agency discretion. Putting out only as much bandwidth as 
it determines is “needed” allows the agency to control the 
pace of investment and growth, and to favor certain industries 
or firms (receiving airwave rights) over others (denied such 
rights). This guarantees that the agency will continue to be 
at the nexus of an important, high-stakes lobbying game in 
which rival economic interests and political constituencies 
bid for its favor. 

Second, “conserving” spectrum is unnecessary. Markets 
routinely save resources for future employments without 
government inventories. With land, for example, owners hold 
vacant parcels until profitable opportunities for development 
arise, depending on costs and demand and the current and 
future value of alternative uses. 

Similarly, mobile carriers plan and continually adjust their 
“upgrade path,” selecting technologies, network architecture, 
equipment, application platforms, and infrastructure 
investments. This process incorporates their estimates of how 
customer demand will grow and how new applications will 
evolve. When new licenses bring additional bandwidth into 
the market, networks are built and/or upgraded. Network 
owners’ aim is to use cost-effectively the resources that are 
available, not to achieve “maximum traffic” at a single point 
in time. 

One rationale sometimes given for the policy of “conserving” 
spectrum is that it is said to be due to concern among 
regulators about marketplace “warehousing.” In other words, 
they believe that private firms will acquire spectrum rights in 
order to deny the bandwidth to their competitors. 

Yet firms have no incentive actually to leave spectrum idle 
– “in the warehouse.” It is the acquisition of the wireless 
license, denying rivals the opportunities to use incremental 
bandwidth, that benefits the firm. Once they have achieved 
this, it makes financial sense to optimize resource use, 
lowering costs (for a given level of service) by deploying all of 
the spectrum they have available. 

Furthermore, there is thus no reliable way a government 
agency can distinguish supposed warehousing from efficient 
use.5 Rules that mandate deployment at a certain level are 
inherently ineffective and can, in any event, be evaded by 
sub-optimal investments in infrastructure. This is socially 
inefficient.

In order to eliminate the perceived risk of enterprises 
warehousing spectrum, the government often warehouses 
it instead. The outcome is perverse. Government decision-
makers pay none of the costs their policy incurs, while their 
action increases the marginal value of the assets that the 
agency allocates. This enhances the political importance 
of the agency, intensifies rent-seeking, and prolongs 
agency influence (as well as that of the officials who run 
it). Conversely, a private firm withholding useful spectrum 
resources pays for this privilege even if it acquired the 
bandwidth without charge. That is because the firm sacrifices 
whatever returns it could have earned during the period 
in which the assets are held idle. What is a free gambit for 
regulators is a profit-loser for private licensees. 

The pro-consumer policy remedy for warehousing is to put 
abundant spectrum resources into the marketplace via 
licenses affording flexible use. This was the economic logic 
put forth by Ronald Coase in a classic 1959 essay.6 Instead 
of planning markets (inefficiently) from the centre, let 
competitive markets move spectrum to where it generates 
the highest marginal product. 

Making more spectrum available increases the scope of 
this optimization. It relaxes a critically important constraint, 
reducing the cost of wireless services and expanding the size 
of the market. This frees competitors to do what government 
regulatory agencies cannot. As Coase’s landmark 1962 study 
for the Rand Corporation put it:
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“There are various combinations of resources – transmission power, 
antenna height and directivity, frequency of transmission, method of 
propagation, etc. – that can be utilized to achieve a given level of 
(received) power at a point distant from the point of transmission. 
The range of alternative combinations is determined by technology – 
the state of the arts – and is an engineering problem. The “proper” 
combination actually to use to achieve a given goal is, however, an 
economic problem and is not (properly) soluble solely in terms of 
engineering data.” 7

One objection often made against a policy of maximizing 
spectrum availability is that it risks spectrum becoming 
“trapped” in lower-value uses even as new technology 
develops. But this reasoning confuses rigidities in traditional 
licensing regimes, which dictate how wireless operators may 
use spectrum, with market outcomes. Where regulators 
grant licensees flexible spectrum use, firms widely substitute 
into emerging technologies, liberating “trapped” spectrum. 
For instance, first-generation (1G) U.S. mobile carriers were 
mandated to provide analog telephone service, but were later 
permitted to upgrade to digital systems. They were given no 
new bandwidth. Over time, however, nearly 100 million analog 
subscribers migrated to digital networks, as mobile carriers – 
granted flexible-use of designated air waves – invested heavily 
to upgrade base stations and handsets. 

Secondary markets can help spectrum escape the “trap.” 
Regulators in the U.S.,8 E.U.,9 and elsewhere have sought 
rules enabling “spectrum trading.” In the U.S., for example, 
new rules have made it easier for wireless licenses to 
be transferred in market transactions, but they do not 
permit owners (new or old) to change the use (services, 
technologies, or business models) prescribed in the license. 
This restriction is a notable, and costly, shortcoming; the 
right to use spectrum in different ways promises the greatest 
productivity gains.10 

In mobile services, licensees typically receive broad 
authority to use specific bands flexibly, developing services 
and business models according to competitive conditions. 
In these markets, active “secondary market” trading 
of spectrum rights develops. Carriers make large, sunk 
investments to improve the value of radio spectrum via 
creation of extensive network facilities. This combination – 
frequency spaces plus network services – is then sold to end users 
and other wireless service providers in wholesale markets. 
These myriad spectrum users access frequencies under 
the “exclusive use” regulatory model.11 In fact, the bands so 
allocated are the most intensively shared bands, and generate 
the highest economic value added.12 

These secondary markets do not operate like commodity 
exchanges trading raw spectrum resource rights in large 
volumes. Far greater “spectrum trading” occurs via the sales 
of access. This bundles frequency and network utilization 
rights. It reflects, not market failure, but market efficiency: 

Let’s say you’re an HNO [host network operator] targeting 
business users, and I’m an MVNO [mobile virtual network 
operator] trying to target the youth market. Your traffic 
will be very heavy 9 a.m. to 5 p.m., and my traffic will be 
heavy 5 p.m. to 10 p.m. and on the weekends. That takes 
advantage of the empty capacity on the network.13

This is one example among thousands. A “wireless 
ecosystem” has emerged in which networks acquire spectrum 
rights, build physical infrastructure, and manage operations. 
They then supply – “host” – network access for diverse 
users. Wholesale intermediaries spring up, creating their own 
wireless services with the networks created and managed by 
the host carrier. Hence, end users often access the underlying 
network through retail sales of rival firms. 

The scope of these wholesale markets is not widely 
appreciated. MVNOs, which resell mobile phone services, 
routinely buy millions or billions of minutes of use in well-
developed wholesale markets, shopping among host 
networks. Networks trade access rights back and forth via 
roaming agreements; a single carrier may strike such deals 
with hundreds of other carriers. Machine-to-machine (M2M) 
wireless services, as used when a vending machine signals 
a server that it requires restocking, or a Kindle downloads 
a book from Amazon, are also constructed by wholesale 
contracts. Research in Motion (RIM) constructs terms for 
the use of its Blackberry handsets, also using secondary 
market transactions. Rival handset makers, including 
Apple, and mobile software developers, such as Google, 
have modified the RIM business model to create their own 
platforms. Customers elect to buy (or not buy) into a set of 
wireless options – hardware, software, network services, and 
applications – coordinated by such companies, which often 
do not own any spectrum assets or network infrastructure.14 

These markets form, not due to regulatory rules creating 
secondary markets, but spontaneously following the issuance 
of liberal licenses.15 The greater the bandwidth made available 
by regulators, the wider the scope of this market, and the 
lower the incremental price of access, all else equal. Where 
regulators instead attempt to micro-manage markets, 
supplying conservative allocations predicated on what 
administrative proceedings determine is “needed” for a given 
technology at a given time, bandwidth is needlessly restricted 
and investment in new services inhibited. Public policy 
ought to focus on creating broad, flexible-use allocations 
for competitive licensees, and not planning markets, either 
primary or secondary. 

2. Why high auction revenues may  
not generate social welfare

Another area of policy confusion concerns the question of 
license auctions. Initially, competitive bidding was quite 
controversial. As late as the 1980s, U.S. policy makers 
proposing them were ridiculed.16 The counter-argument was 
that radio waves could not be defined as private property, and 
that therefore rights could not be assigned to high bidders.17

The argument failed on multiple levels. First and foremost, 
since auctions were first instituted by New Zealand in 
1989, over thirty country governments have sold licenses 
without the predicted market chaos.18 The experiment, once 
conducted, produced evidence firmly rejecting the hypothesis 
that spectrum rights could not be assigned. Second, well 
before government auctions, wireless licenses were traded in 
secondary markets. Auctions simply moved transactions up 
to the initial stage of government rights assignment. Third, 
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the rights embedded in these licenses will solve – or fail to 
solve – coordination problems in the use of radio waves. How 
the rights are assigned is a different issue, one concerned with 
the distribution of valuable assets. 

Fourth, the efficiency case for using auctions rather than 
administrative fiat – so-called “beauty contests” – is strong. 
Specifically, auctions bring four sources of social gain: 

•   Licenses are assigned more quickly;

•   Licenses are assigned to more productive service suppliers;

•    License assignments are made objectively, reducing rent 
seeking costs;

•   Revenues from auctions can substitute for government taxes.19

When licenses are assigned more quickly, bandwidth can be 
more productive. Experience in the U.S. suggests that delays 
can be substantially reduced when assignments are done by 
competitive bidding rather than by administrative fiat.20 

Similarly, because market bidding favors the most efficient 
users of the licenses, those expecting to generate the 
highest returns from operations, awarding licenses to high 
bidders tends to increase social efficiency. Regulators do 
not otherwise know which recipients are the most efficient, 
and tend to base their choices on more political criteria. 
Moving assignments to the market not only makes awards 
transparent, a shift towards better governance, but also 
increases economic efficiency. 

Finally, license rents are captured by governments when 
auctions are used. This may constitute more than a pure 
transfer. When the revenues from license sales offset taxes, 
eliminating the wasteful distortions associated with tax 
collections generates efficiencies. While circumstances vary 
from country to country (and tax to tax), a rule of thumb in the 
U.S. is that every dollar raised by taxation costs the economy 
about $1.33 – setting the tax distortion loss (and potential 
efficiency gain from using auction proceeds instead) at about 
a third of the revenues received. 

Economists and government policy makers have been 
understandably excited about the gains associated with 
auctions.21 In many instances, however, the revenues raised 
have exerted a mesmerizing influence. So long as bids are 
for pure rents, their capture by the state does not distort 
economic activity. But when regulators seek to increase 
revenues by delaying auctions, reducing market competition, 
or handicapping rivals so as to squeeze more money out of 
bidders, they distort market outcomes. Even parameters that 
are socially harmless when used in private auctions, such as 
reserve prices, can reduce social efficiency when employed in 
wireless license assignments. 

Most to the point, the deliberately slow release of additional 
spectrum, a strategy sometimes undertaken to inflate license 
revenues, is perverse. It turns what should be the capture of 
rents by government instead of by private businesses into 
an exercise instead in the creation of artificial scarcity. By 
eliminating productive use of the withheld bandwidth, the 
savings from reduced tax distortion are outweighed by a far 
larger distortion in wireless markets. What looks like “free 

money” captured by the state turns into the most expensive 
taxes the government will collect. Estimates for the U.S. put 
the consumer welfare gain from mobile usage at more than 
$200 billion a year, whereas the one-off bids for bandwidth – 
reflecting expected profits – generate government revenues 
that are a small fraction of that.

It is possible for regulators to increase license auction bids 
by withholding spectrum from the market. A monopoly 
license will presumably generate the highest bid. But this is 
the “starving man” theory of spectrum allocation. The true 
object is not to generate the highest sales prices for licenses. 
Spectrum is an input into wireless services and increasing its 
marginal value raises costs, reducing outputs. It is the social 
value of these outputs that pro-consumer policy makers 
ought to seek to increase. 

Indian spectrum allocation
India offers a good illustration of the issues being discussed 
here. There, regulators have attempted to extensively manage 
wireless markets. In particular, the regulators seek to ensure 
that they maintain a “reward and punishment regime for 
efficient usage of spectrum by the service providers, use 
of technology and refarming to bridge the gap between 
availability and requirement …”22 This is done, in large part, by 
sharply restricting the bandwidth a given operator may control, 
and releasing new bandwidth to the market very slowly.

In general, owners of productive assets seek to maximize 
returns. This objective forces them to embrace innovative 
opportunities where incremental capital outlays create value 
for consumers, net of all costs. Such optimizing strategies 
apply to resource inputs, such as spectrum, as well as to man-
made capital, such as wireless network infrastructure.

Many frequency regulators, including in India, displace this 
market discipline by determining how much bandwidth 
they believe wireless operators need, and then distributing 
licenses to maintain these input levels. Sometimes they then 
go further, imposing charges (or other sanctions) on firms 
thought to be under-utilizing bandwidth. Determinations may 
vary, based on how many subscribers operators serve, what 
services they offer, and which technologies they deploy. The 
licensing agency then seeks to impose not just rules ensuring 
efficiency, but also horizontal fairness among operators: 

“The spectrum management regime should be able to handle the 
increasing growth of subscribers in a fair and equitable manner. 
It is important to ensure a level-playing field, while encouraging 
competition amongst those seeking to access this resource.” 23

The paradox is apparent. Competitive rivalry is, at bottom, a 
race for advantage. Firms attempt to develop superior products 
and lower-cost methods for supplying them. Deploying 
technologies that use bandwidth efficiently is socially desirable, 
wealth-creating – and will “tilt” the “playing field. For the 
entrepreneurial firm striving for competitive superiority, that is 
its point. The handicapping of markets to favor “equity” among 
rivals counters the very essence of the competitive process, 
lessening its power and blocking its efficiencies. 
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Moreover, spectrum is strategically withheld as regulators 
attempt to discern the evolving needs of the market. This 
places a drag on network development. In fact, there is no 
given “need” for frequencies. Rather, there is a demand for 
use of frequency spaces that depends on how it is priced, 
what is available, and the prices and availabilities of a matrix 
of complements and substitutes. Designing allocations as 
though they are restricted to serving demonstrated needs will 
cause service providers to reduce their “needs,” as they adjust 
to the scarcity artificially imposed on inputs. 

Through 2009, Indian regulators made just 100 MHz24 
available for mobile networks.25 After a delay of many years, 
3G license auctions were held in May 2010, awarding three 
licenses (in most markets) and permitting access to 2 x 5 MHz 
of paired spectrum per license – 30 MHz total.26 In contrast, 
five 3G licenses in the United Kingdom auctioned in April 
2000 allocated 140 MHz (2 x 70) in aggregate – and brought 
the mobile market total to 340 MHz.27 

Beyond the artificial scarcity imposed by limited allocations 
of bandwidth, license restrictions cause further rigidities. By 
imposing rules that determine what services can be supplied 
with 2G, as opposed to 3G licenses, Indian regulators have 
effectively blocked the deployment of advanced mobile 
data networks and deterred the development of broadband 
in general. This wastes valuable frequencies, as well as key 
opportunities for economic development. India’s wireless 
voice services, even though suffering from overly tight input 
constraints, have proven that enormous social gains are 
possible by building out advanced communications systems.28 
Restricting further gains imposes large social costs without 
any offsetting benefits – as frustrated stakeholders in the 
Indian market note.29 

Curiously, however, some take the relatively high prices paid 
for 3G licenses in India as proof of policy success. Investment 
analyst Kotak, publishing predictions about expected bids in 
the May 2010 auction (forecasting revenues of $10.3 billion, 
against the actual total of $14.5 billion), went so far as to 
describe the government’s licensing scheme an “optimum.” 
This, due to a “spectrum-scarcity driven fear factor,” and an 
auction design that forced licensees into a desperate battle to 
acquire regional or national spectrum assets (pieced together 
from licenses issued for 22 “circles”), would prove a “win win 
for Government and customers.”30

This conclusion employs a very strange accounting standard. 
Customers are hurt by the delays in spectrum allocation and 
the restrictions on licenses. High-speed data services could 
have been well-developed by now, but instead are only just 
emerging in the Indian market. This has restricted internet 
access and a host of wireless applications that have great 
value to Indian consumers. Moreover, by inducing scarcity 
with intentionally small bandwidth allotments, capacity will 
be at a premium for networks and users. Access services 
will enjoy less capacity, and cost more, than if the additional 
airwaves were made available. 

Figure 1. Mean license price forecast in Indian auction ($US mil.)31
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Figure 1 shows estimated license values in India under 
different scenarios. Produced by consulting firm Kotak, the 
pre-auction forecasts yield plausible estimates of the winning 
bids for 3G licenses under alternative market structures.32 The 
more operators are issued licenses, each of a fixed spectrum 
allocation, the less the expected price. This is unsurprising. 
Economic theory suggests that retail prices will be highest 
under monopoly, that profits will increase with price, which 
will increase input prices (for licenses).33 

Hence there is a temptation to conclude, as this analyst does, 
that: “The government has created a reasonably optimum 
amount of scarcity in each of the circles so as to maximize its 
revenue.”34 But the “optimum” here is not optimal for society. 
It is unlikely even that the government wins, and certain that 
consumers do not. The enhanced license extractions do 
increase license sale revenues. But the spectrum restrictions, 
pumping up bids, result in greater revenue losses. For 
government revenues are reduced in future periods when 
tax revenues are lower than they would otherwise be, due 
to reduced economic activity and licensee payments (part 
of the license receipts are effectively tax prepayments, as 
they reduce corporate profits and thus lower tax liability). 
And consumers lose unambiguously, as the spectrum input 
market is constrained, reducing the capacity of networks, 
limiting services and increasing costs.

Social losses from delaying spectrum allocations are highly 
likely to overwhelm whatever social gains are associated with 
the immediate public finance dividend from auctions. Assume 
that India had distributed 3G licenses in, say, 2005 (five years 
after the U.K., Germany, and many other countries), instead of 
2010. Assume further that this permitted networks to develop 
such that today’s 3G penetration rate in India, instead of  
approximately 0%,35 were 10%.36

This gap implies a substantial difference in productivity. 
Consensus estimates of the relationship between broadband 
access and economic growth suggest that each ten percent 
increase in broadband penetration is associated with GDP 
growth of between 0.1 and 1.4%.37 Taking the midpoint 
estimate of 0.75%, Indian GDP – US$1.25 trillion in 2009, or 
about $3.5 trillion calculated at purchasing power parity – 
would have been higher by an estimated $26.3 billion (at PPP). 
Mobile voice services would likewise benefit were spectrum, 
for 3G licenses or others, made more readily available.  
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Were mobile penetration to also experience a 10% increase 
(year-end 2008 penetration stood at 30%38), over 100 million 
new users would be served. This also spurs GDP growth. 
According to the ITU, there is approximately a 1% gain in  
GDP with each 10% rise in the mobile penetration rate.39 
This implies income gains of $35.0 billion per year (PPP).

Summing up, the mid-point estimates yield income increases 
of perhaps $61.3 billion (PPP) annually from the more 
productive use of radio spectrum. In contrast, India’s 3G 
auction of May 2010 – heralded as reaping a bounty for the 
Government – captured $14.5 billion as a one-time payment 
to the state.40 Of course, license bids are largely transfers from 
private players to the state. They generate a public finance 
dividend perhaps equal to one-third the size of the total; 
here, about $5 billion. Annualized at 10% (a high rate for this 
purpose), suggests yearly efficiency gains of just $500 million 
(see Table 1). 

Meanwhile, the benefits of using competitive bidding to assign 
licenses quickly, and to those firms that are most productive 
in using them, have largely been lost. Instead, lengthy delays 
occurred, and the eventual auction featured licenses that were 
few in number and difficult to efficiently aggregate across 
regions. Said one wireless operator following the sale:

“The auction format and severe spectrum shortage along with ensuing 
policy uncertainty drove the prices beyond reasonable levels,” said 
Bharti. “As a result, we could not achieve our objective of a pan-India 
3G footprint in this round.” 41

Sometimes service suppliers are disgruntled about competitive 
market forces, while consumer welfare is well served. But 
the problems stated here – frustration over the difficulty in 
expanding the scope of service rivalry given parsimonious 
license allocations – are key to economic efficiency. 
Unfortunately, India is not alone. Developing countries, which 
clearly gain with the advance of modern communications 
systems, often burden their development for the short-sighted 
benefit of license auction revenue maximization. 

Figure 2 shows mobile license prices paid in a sample of 25 
developing and developed countries. Prices are given (in 
constant 2002 US$) on the vertical axis, with per capita GNI (in 

constant 2002 US$) on the horizontal. The striking aspect of the 
chart is that it does not suggest a positive relationship between 
income and license price. Normally, prices for productive, 
localized assets – say, land – are positively correlated with the 
income of the market in which the assets are located. But these 
prices indicate that Swiss mobile telephone license is actually 
worth less than the Indian wireless license. This is not a good 
sign. Higher input costs reduce welfare in output markets. 

There is no doubt that multiple factors explain price variance, 
including the timing of sales (for example, auctioning 
licenses during a stock market bubble tends to increase 
prices), and the use of alternative auction mechanisms (some 
are more successful in extracting rents from bidders than 
others). Yet it remains highly likely that developing countries 
enhance license prices by under-allocating bandwidth, 
creating “spectrum-scarcity driven fear” in the competition 
to acquire licenses.43

3. How confused competition policy 
creates inefficient barriers

Spectrum allocation rules often embed provisions such 
as “spectrum caps” which limit the bandwidth a firm is 
permitted to control. This policy is driven by concerns that 
authorizations may confer market power on licensees. 
Allowing one firm to monopolize licenses, for example, 
could result in supra-competitive retail prices and inefficient 
utilization of spectrum resources.

In short, spectrum caps are used as a form of competition 
policy. Such regulations have costs and benefits. The costs 
stem from the fact that denying additional bandwidth to a 
given firm risks inefficiency, as already discussed. A company, 
particularly an established network already reaching a high 
market share, has a great number of productive opportunities 
for the use of additional spectrum – extra services, new 
applications, technology upgrades, and so forth. More 
bandwidth is, in generally, highly complementary with the 
inputs otherwise supplied by the network. 

A spectrum cap seeks to ensure that bandwidth is made 
available to rival networks. Where licenses are auctioned, 

Table 1. Estimated welfare gains from earlier Indian 3G licensing

Policy Economic Magnitude Multiplier Social Gain Annualized

Actual: 3G Auction 
2010 $14.5 bil. (winning bids) 0.33 (tax efficiency) $4.8 bil. $0.5 bil.

Counter-factual: 
3G licenses 
assigned 2005

10% pen rise in mobile 
broadband 0.75% GDP increase 

$9.4 bil.  
(dollar GDP) $9.4 bil.

$26.3 bil.  
(PPP GDP) $26.3 bil.

10% pen rise in mobile voice 1% GDP increase 

$12.5 bil.  
(dollar GDP) $12.5 bil.

$35.0 bil.  
(PPP GDP) $35.0 bil.

10% pen rise in mobile BB & 
voice as above

$21.9 bil.  
(dollar GDP) $21.9 bil.

$61.3 bil.  
(PPP GDP) $61.3 bil.
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either in primary or secondary market, there is a risk that 
leading incumbents may cast high bids based on the prospect 
of above-competitive returns anticipated from the exercise 
of market power. Limiting this prospect may increase 
competitiveness for retail customers, resulting in lower prices, 
larger outputs, and enhanced economic efficiency. 

But that desired outcome depends on how the cap actually 
works. As imposed, it may not really help energize competitive 
forces. Even where spectrum resources are diverted to rival 
(non-market leading) wireless service providers, they must 
effectively use the bandwidth in question. And because 
weaker firms are the targeted beneficiaries of the policy, this 
outcome is far from assured. Where spectrum caps inhibit 
expansion by market leaders, impose inefficient restrictions 
on the number two or number three players in the market, or 
divert resources to firms that do not optimally deploy them, 
they incur social costs that may easily outweigh any benefits 
in terms of protecting competition.

Lessons from US policy
The U.S. experience may be instructive. When 2G licenses 
were assigned, starting in 1994, the F.C.C. crafted rules 
limiting what wireless licenses an operator could hold. It 
allowed a firm to acquire mobile licenses allocated up to  
45 MHz in a given market. The regulation was produced  
by a simple industry concentration ratio analysis. Basing  
market shares on capacity, and using the allocated 
bandwidth of licenses as proxies for capacity, the  
Commission determined that limiting firms to no more  
than 45 MHz would result in at least four firms competing 
in each market. It found the resulting levels of market 
concentration reasonably competitive. 

While the 45 MHz cap was formally eliminated in 2003, 
regulators have authority over license assignments and can 
limit market concentration through approvals or denials 
of license transfers.44 The spectrum cap has been, in that 
process, implicitly raised over time, without adverse effects. 
In 2004, there were six national networks. Two major mergers 
(AT&T Wireless was purchased by Cingular to form today’s 
AT&T; Sprint acquired Nextel) were consummated, increasing 
industry concentration. What the mergers triggered, however, 
was highly beneficial: not only did mean price-per-minute 
continue its sharp decline, both AT&T and Sprint quickly 
embarked on 3G network build-outs. The acquisition of  
new bandwidth via merger was essential for these upgrades  
to be undertaken. 

Hence, by 2006 the U.S. was served by three mobile 
broadband data networks. This was remarkable in that 
spectrum allocation authorities had yet to distribute 3G 
licenses. The key was that mobile authorizations had  
been generically liberalized; operators were allowed wide 
scope to determine technologies, services, and business 
models. This enabled network development even when 
regulators were slow to supply additional bandwidth. In 
effect, liberal rules on spectrum use, along with the rise 
of secondary markets, substituted for administrative 
allocation of spectrum.

But they were not a cost-free substitute. U.S. spectrum 
allocation lagged behind many Asian and E.U. countries. 
Had more abundant bandwidth been available to wireless 
networks, 3G upgrades might have occurred without a 
merger wave. More capacity would have been engineered 
into the systems built. The industry might have both achieved 
economies of scale and remained less concentrated. 

Figure 2. Mean mobile license auction prices, selected countries42
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Unintended consequences of Mexico’s  
spectrum policy
When complex rules govern spectrum allocations, the effects 
are often perverse. The Mexican spectrum allocation rules are 
instructive. For years, regulators struggled with how to assign 
new bandwidth rights, grappling with – among other issues – 
spectrum cap rules. At least five years of delay ensued. Finally, 
progress was made when a July 2010 auction assigned 3 new 
10-MHz licenses (2 x 5 MHz) authorized for 3G. These licenses 
covered the 9 regions of the country, including Mexico City, 
the largest and most economically important market. 

Table 2. Mexican spectrum allocation (Jan. 2010)

Bands 
(MHz)

Service 
Type

Bandwidth status

806-821/ 
851-866

SMR 30 MHz ~22 MHz assigned

824-849/ 
869-894

Cellular 50 MHz 50 MHz assigned

1850-1910/ 
1930-1990

PCS 120 MHz 3 30-MHz licenses 
assigned; 3 10-MHz 
licenses auctioned  
July 2010

1710-1755/ 
2110-2155

AWS 90 MHz 2 30-MHz national 
licenses & 3 
10-MHz regional 
licenses also 
auctioned July 2010

AWS 30 MHz held back; to be 
assigned

TOTAL 320 MHz ~163 MHz in use

Concurrently, some 120 MHz of Advanced Wireless Services 
(AWS) spectrum (1.7/2.1 GHz) was allocated for use, and a 
separate auction was set to assign AWS licenses. This auction 
ended in August 2010. The AWS band was allocated thus:

•   60 MHz: two national licenses (30 MHz each)

•   30 MHz: three local licenses in each of 9 regions 
(10 MHz each)

•   30 MHz: held back for licenses to be issued later

Were all these allocations to be added to carriers’ spectrum 
portfolios, the Mexican market would boast some 320 MHz 
for mobile services, endowing it with relatively liberal access 
to frequencies. Regulators struggled, however, with the issue 
of pronounced market concentration. Telcel, a firm affiliated 
through ownership with the dominant Mexican wireline 
operator, served 72% of Mexican wireless subscribers. See Table 
3. Much effort was therefore spent on enacting spectrum caps. 

Table 3. Mexican mobile market shares, Q2 200915

Subscribers Market 
Share

%  
Prepaid

Growth  
YoY (%)

Telcel 58,081,000 72.24 92.08 9.89

Telefonica 15,942,500 19.83 94.25 12.95

Iusacell 3,547,000 4.41 68.42 -12.42

Nextel 2,834,900 3.53 0.0 16.38

TOTAL 80,405,400 88.22 9.47

The rule adopted determined that no carrier may own licenses 
allocated 80 MHz or more in any given market. This would 
effectively create a four-to-a-market rule. But the devil is in 
the details. In Mexico, much of the new bandwidth is supplied 
via national licenses, whereas the existing holdings have 
been accumulated with regional licenses (9 regions cover the 
country). When the national cap (80 MHz) is triggered in any 
single region, it becomes binding. Licenses cannot be split or 
traded in a secondary market, making the overlaps binding. 
Perversely, this limits not just Telcel’s acquisitions, but also 
those of its chief rival, Telefonica. 

In particular, Telefonica had been unable to supply 3G services 
in Mexico City (Region 9), the largest and most important 
market, given that only Telcel held 3G licenses there. While 
plans to issue more licenses were announced in 2005, not 
until the 2010 auction were assignments actually made. The 
lack of a 3G network seriously hampered Telefonica. Its larger 
rival, Telcel, controlled over 50 MHz in Mexico City, including 
licenses authorizing 3G services. Analysts examining revenue 
trends found that: “Telefonica is feeling the effects of being 
unable to compete with Telcel in high-speed data services.” 46

Yet when the 2010 auctions were finally held, Telefonica 
was effectively barred from bidding on half of the bandwidth 
offered in the dual (PCS/AWS) license auction. The spectrum 
cap barred it from acquiring either of the two 30-MHz national 
(AWS) licenses, owing to the fact that its licenses covering  
52 MHz in one region, Monterrey, would put it over the cap 
(see Table 4). 

The upshot was that rules designed to constrain Telcel instead 
protected Telcel by perversely restricting its major rival. In fact, 
the rules constrained not just the number two competitor, 
Telefonica, but even the struggling third network, Iusacell. 

The result was that, of the 120 MHz of AWS spectrum allotted 
for new services, at best just one-half of the bandwidth will 
be put to productive use. One 30 MHz band was not offered 
for sale, presumably given the lack of demand under the rules 
adopted. The two nationwide licenses were unavailable for 
bidding by any of the three largest incumbent networks. Only 
one bidder (for either) materialized; Televisa-Nextel won by 
offering the minimum bid (just $14 million).47 And that license 
may lie idle. Televisa withdrew from its partnership with 
Nextel in October 2010, throwing plans for a new network 
build-out into doubt. 

“José Manuel Mercado, a senior Latin America analyst at Pyramid 
Research, a telecommunications consulting firm in Cambridge, Mass., 
said the end of the deal would slow the introduction of new services 
and help keep prices higher than they might be if there were more 
viable players in the Mexican market, where wireless broadband 
remains underdeveloped.” 48

Perhaps the one bright spot in the 2010 Mexican auctions 
was that, after years of regulatory lag, Telefonica was 
finally able to procure three 10 MHz (2 x 5 MHz) Mexico 
City 3G licenses. It immediately introduced 3G services in 
competition with Telcel.49 
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The exclusion of major networks (via spectrum caps or other 
policies) runs the risk that weak bidders will win auctions and 
then perform poorly as service providers. This undermines the 
push for enhanced market rivalry, of course, and sabotages the 
principal efficiency argument for using competitive bidding 
to assign licenses in the first place: such mechanisms tend to 
divert resources to the most efficient service providers. While 
policy makers should be careful to avoid monopoly outcomes 
with their allocations, they must – for the very same reasons 
– be careful to balance policy measures. Incumbent carriers 
that have developed large networks exhibit pronounced 
cost advantages – economies of scale and scope – and are, 
quite often, efficient users of incremental spectrum. Barring 
their access to bandwidth is not a free policy, and can easily 
backfire, raising prices for consumers and pre-empting the 
introduction of advanced services.

4. Conclusion

“Bringing broadband penetration levels in emerging markets to today’s 
Western European levels could potentially add USD 300-420 billion in 
GDP and generate 10-14 million jobs. Mobile broadband is uniquely 
positioned to stimulate economic growth and welfare in areas that lack 
adequate fixed-line broadband infrastructures.” 50

Nowhere in the emerging digital economy is there a more 
straightforward lever for encouraging economic development 
than spectrum allocation policy. Regulators focused not on 
managing markets, but on streamlining the flow of spectrum 
to the competitive marketplace, will deliver great benefits. 

This requires regulatory regimes that transfer bandwidth 
to productive users, increasing benefits for the public while 
maintaining rivalry in the marketplace. Reducing competitive 
pressures by measures such as delaying spectrum allocations, 
rigidly restricting licensee use of bandwidth, or designing 
auctions to inflate government revenues (rather than 
consumer welfare) are penny-wise, pound foolish. When 
bandwidth is abundant and spectrum is widely available to the 
marketplace, efficiencies obtain, prices fall, services expand, 
and new networks will be built. A successful regulatory focus 
that creates the incentives for the efficient deployment of 
mobile voice and broadband data services can generate 
exceptionally high social returns.
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Overview

One of the key drivers for the mass adoption of mobile phones 
has been the reduction in costs for low-usage subscribers. 
This has been the result of efficient pricing in the two-sided 
mobile market – in other words, the interaction of retail 
charges for outgoing calls and wholesale inter-network 
charges for incoming calls. This pricing structure for voice 
calls has enabled mobile operators to cushion low income 
subscribers from the full cost of mobile subscription and 
usage. As a result, subscribers have been able to get their 
mobile service at low or no cost, and able to receive voice 
calls without having to pay. 

However, the affordability for mobile voice thanks to the two-
sided charging structure does not apply to mobile broadband. 
There is a fundamental difference between the data and voice 
markets: unlike voice, where mechanisms exist to divide charges 
between both sides of the market, at present the cost of data is 
recovered from one side of the market only – the data user.  
This adversely affects the affordability of mobile services. 

We argue that until mechanisms develop to charge both 
sides of the mobile data market, the key challenge for 
regulators is how to harness the successful two-sided pricing 
for voice service to ensure the successful spread of mobile 
data services. Regulators need to abandon their current ‘silo 
mentality’, which ignores the fact that their decisions on 
one of either voice or data will have an impact on the other. 

This rethink needs to accommodate the fact that mobile 
termination rates affect the incentives for mobile operators to 
invest in networks that will support the future growth of data 
services, and the much greater capacity they require, and to do 
so without significantly jeopardising the affordability of voice 
services. 

This is a much tougher task in emerging markets where 
consumers’ incomes are constrained, regulatory capability 
is often more fragile, and mistakes are harder to retrieve. 
However, finding the right set of policies to keep mobile 
data services affordable in the short to medium term is a key 
challenge. In the longer term, developments in the two-sided 
pricing of data services may produce different outcomes, but 
their contours are not yet known. 

The outline of this paper is as follows. Section 1 outlines the 
two-sided nature of mobile markets and show that the pricing 
structure matters for efficient use of mobile telephony. 
Section 2 describes the pricing structure and highlights the 
growth of mobile telephony in emerging markets. Section 3 
describes the pricing structure on mobile broadband and how 
it differs from voice pricing. It sets out the interdependency 
in pricing voice and data via the regulation of termination 
rates, and the degree to which the so-called ‘waterbed effect’ 
operates. Section 4 looks at the effects or pricing structures 
on the growth of mobile data services. It ends with some 
proposals for regulation of both services that will enable mass 
take-up of affordable mobile broadband. 
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1. The two-sided nature  
of mobile markets

In two-sided markets, two distinct groups of consumers 
who need each other rely on a platform to intermediate 
transactions between them.2 A famous traditional example of 
the ‘platform’ is the village matchmaker. A more modern one 
is the payment platform which allows purchasers of goods 
with credit cards to interact with stores selling those goods.

A telecommunications network is two-sided in the sense 
that the calling and the called party need each other to 
accomplish their communications (though they may alternate 
roles). And, as with other examples, there is a network effect – 
the more people there are on the platform, the more valuable 
the platform is to each of them. 

The key pricing lesson from analysis of two-sided platforms is 
that who pays what is important in determining the amount 
of traffic. Not only should the overall level of prices be set 
efficiently, but the burden of cost-recovery across the two 
sides of the market should also be set efficiently. 

Two-sided analysis in the context of the mobile market has 
typically focused on voice traffic, and the interaction between 
incoming and outgoing calls. With the network acting as 
the platform between the calling party and the receiving 
party, the relevant pricing issue was what structure of pricing 
to initiate calls and to receive calls was most efficient. In 
the context of a balanced calling pattern (in which every 
subscriber makes the same volume of calls as he or she 
receives), this structure does not matter so much. However, 
different subscribers initiate and receive differing volumes of 
calls: in particular, low-spending customers typically receive 
more calls than they make.

With such calling patterns, it may be more efficient to 
place a higher burden of the total cost of the call on the 
party who is best able and willing to incur the costs. This is 
the feature of the calling-party pays (CPP) pricing system 
shown in figure 1, where the full cost of the call falls on 
the party initiating the call – there is no charge to receive 
calls. To facilitate this (for calls going across networks) 
wholesale payments called mobile termination rates 
(MTRs) are charged by the terminating network to the 
originating network to compensate it for the costs incurred 
in terminating the calls. 

Figure 1. Voice market – calling party pays
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The data market, however, is charged in a different manner 
(see figure 2). All the network costs of data are recovered 
by the end-user – both uploaded and downloaded data. 
When someone is sent an email, the end-user is charged to 
download and access it. Similarly, when the end-user sends 
an email she is charged. Every time a website is visited the full 
download and upload costs are recovered from the end-user. 

Failure to adopt efficient price levels and structures for both 
the end-user and the content provider will prevent many 
emerging market end-users from being able to afford mobile 
data access. 

Figure 2. Data Market – current charging regime
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The mobile industry would, by itself, probably move to a more 
efficient structure of charging. This may involve sharing the 
cost burden between content user and a content provider 
that finances its content in part by selling advertising or 
by ‘sponsored access.’3 Or different tiers of service may be 
offered, exemplified by Facebook zero (0.facebook.com), 
which allows access free of charge to a lightweight site 
omitting photos but included core functionality. 

However, until ‘smart charging’ is widespread, and adopted 
by content providers, it is likely that most costs will continue 
to be recovered from end-users. In emerging markets, with 
very price sensitive end-users, it is desirable to take steps to 
prevent the worst consequences of this inefficient pricing 
structure across both sides of the two-sided data market. 

2. Pricing and mobile growth  
in emerging markets

Mobile voice telephony is one of the wonders of the world. 
In the past 20 years, take-up has grown from a few millions 
to five billion now. This phenomenon was not generally 
foreseen: McKinsey famously forecast in 1990 that the 
number might reach one million by 2000. But grow it did, 
to a level where about 80% of the world’s population are 
connected. 

Arguably one of the most significant global impacts of 
mobile telephony has been the way it has enabled people 
in developing countries to bridge the digital divide and 
have a personal telephone connection. This is an outcome 
that would be impossible relying solely upon fixed line 
connections. Across Africa, Latin America, the Middle East and 
Asia, the mobile phone enables the mass market to achieve 
telephony services. 
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This has resulted in a unique parallel growth in mobile 
penetration between developed and emerging markets – in 
other words, that growth has occurred at roughly the same 
rate. While the growth in the market may have begun at 
different times (due to different rates of market licensing and 
liberalisation) once growth begins, subscribers in emerging 
markets have embraced mobile services at the same rate as 
seen in developed markets. 

Figure 3. Comparative growth in mobile penetration
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Figure 3 compares the growth in the rate of mobile 
penetration for Western Europe, North America, Africa and 
India, in the period after each region/country achieved the 
same starting penetration rate (~8%). The pattern after those 
starting dates, shown in the figure, has been remarkably 
similar. For example, Indian penetration is predicted to reach 
100% at the same speed as was seen in Western Europe; 
and similarly, Africa is predicted to achieve 70% penetration 
within the same time period as North America did. Few 
other products can claim such similar growth rates among 
countries with such varying levels of income and wealth. 

A key feature of CPP is subscription-free SIM ownership, which 
gives subscribers the ability to remain on the network and 
receive calls at no expense to themselves. This is possible 
because the wholesale charging regime for incoming calls 
(mobile termination rates) allows operators to recover the 
costs of the termination leg (as well as the origination leg) 
from the caller’s network.

In recent years, there has been a lot of discussion in relation to 
voice services concerning the linkages between the wholesale 
and retail charges – between the retail price of outgoing calls, 
whether to the same network (on-net) or another (off-net), 
and the wholesale charge for termination.4 The question 
has been phrased in terms of what’s become known as the 
water bed effect: if there is an increase in the price of one 
service provided by an operator (say, mobile termination), do 
competitive pressures force down the prices of other services 
such as outgoing calls or handsets supplied to the customer?5

 The distribution of revenue between retail charges 
(recovered from an operator’s own subscribers) and wholesale 
charges (recovered from other networks) is an important 
factor in the growth of mobile subscriptions. Several studies 
show a positive correlation between the level of wholesale 
payments and the level of penetration.6 

It is worth explaining the mechanism through which this 
occurs. In developed country markets during the last decade, 
the vast majority of incoming calls to mobiles came from the 
fixed network (usually owned in common with one mobile 
network). Mobile operators could set their own termination 
rates, while those levied by fixed operators for calls flowing 
in the opposite direction were regulated to something 
approximating their cost. This made fixed-to-mobile calls 
expensive, and was de facto a substantial transfer of resources 
from fixed to mobile networks.7 

This transfer enabled mobile operators to reduce their 
retail rates (either airtime or rental charges), making 
mobile subscription more affordable and increasing mobile 
penetration. But over time in the EU this transfer from fixed 
operators has been reduced as mobile termination rates 
were regulated down to a current average of around  
€0.05 per minute. Termination rates in the EU are likely 
to fall considerably further over the next few years, from 
roughly €0.05 to €0.02 per minute, or less.8 One argument 
for the continuing regulated decrease in the level of 
termination charges was that the need to assist mobile 
subscription growth through higher wholesale revenues 
(and hence lower retail subscription charges) no longer 
applied in Europe, where mobile ownership has reached 
saturation level.

The situation in emerging markets is different. Typically, they 
have a significantly lower level of fixed line connections, with 
mobile networks the main supplier of connectivity. What’s 
more, the lack of affordability is a key impediment to the 
uptake of mobile services.

Even so, the growth in mobile penetration has been 
staggering, with penetration rates in India of about 55% 
and in Africa of 50%. Mobiles have also been put to work to 
do other things than voice calls, notably mobile payments. 
But while the growth has been extraordinary, there remains 
significant potential for further growth. Growth up to now has 
been largely led by the richer urban population (following 
traditional mobile diffusion patterns), and also through 
ownership of multiple SIM cards. Extending mobile ownership 
to low income and rural areas is likely to be more problematic 
and will be greatly influenced by market characteristics and 
government policies. 

Emerging market regulators are faced with an apparent 
dilemma: how to extend coverage to rural areas (which requires 
significant and costly network investment) while ensuring that 
the poorer rural populace can afford the services? 

Thus in developing countries, coverage issues loom much 
larger. The business case for extending coverage is most 
immediately sensitive to the level and structure of likely 
revenues. In marginal rural areas, where more traffic flows 
in than out (reflecting the income disparity between city 
and countryside), termination revenues can tip the balance 
between the financial viability or otherwise of investing in 
network extension. It is essential that the relative willingness 
to pay on the part of both sides (the more wealthy urban and 
less wealthy rural) in the two-sided call market be reflected 
in the prices that prevail. The consequences for network 
investment of an inappropriate pattern of price regulation  
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(in both the retail market and call termination market) can be 
considerable. Yet regulators can be tempted to overlook the 
inter-dependence of the different charges.9 

A sample of regulated termination rates in emerging 
economies is given in Table 1. Many regulators are, roughly 
speaking, replicating the method of setting rates used in 
the European Union and elsewhere in the period up to the 
publication of the European Commission’s Recommendation 
in 2009 (the LRIC+ method, described in section 4 below),10 
in which the burden of common costs is shared equally by 
all services.11 But a few – notably including Kenya, which 
halved its rates in August 201012 – are adopting the European 
Commission’s revised 2009 methodology (known as pure 
long run incremental cost or pure LRIC) which includes no 
common costs. The South African regulator has broadly used 
a costing method known as fully allocated cost (FAC), which is 
closer to LRIC+ than to pure LRIC, since termination charges 
embody a full share of common costs.13 

Table 1. Mobile termination charges in selected emerging 
economies

Country Target Rate 
(USD cents)

Target Year Cost Method

South Africa 5.5 2013 FAC

India* 0.4 current Opex-only

Brazil** 19.2 2012 Uncertain

Kenya 1.2 2013 Pure-LRIC

Botswana 4.1 2013 LRIC+

Tanzania 7.2 2012 LRIC+

Indonesia 2.9 current LRIC+

* Following a successful appeal by operators, the Indian regulator must amend 
MTR to take into account capital costs. ** Based on Q1 2010 MTR of 24c, and 10% 
reductions in 2011 & 2012, as per Anatel Public Consultation No.37. 

 
Thus regulators in developing counties have shown an 
increasing appetite both to regulate mobile termination 
charges, and to follow European regulators in bringing rates 
down to reflect a very parsimonious estimate of incremental 
costs. On the face of it, this is beneficial for consumers as 
it lowers certain charges. However, the interdependencies 
discussed above mean this regulatory approach has 
unintended consequences. Developing country regulators are 
not too late to recognise the likely impact of their decisions 
on operators’ incentives to extend geographical coverage and 
to add new broadband services, discussed in the next section. 

3. Pricing structure of mobile broadband

The calling party pays (CPP) pricing structure for mobile 
voice services enabled a transfer of funds from high usage 
customers to low usage customers via wholesale termination 
payments, a pattern which has helped the rapid and 
successful diffusion of mobile services in emerging markets.

The prevailing pattern for mobile broadband charging is 
different. As described above, subscribers are charged to both 
receive (download) data and send (upload) data. Broadband 
charging utilises a charging system with no corresponding 
wholesale termination payment – all costs are recovered from 
each subscriber.

For example, a mobile-to-mobile Voice-Over-IP (VOIP) client 
call is treated as a data stream. So that for each minute of 
VOIP usage, both calling and receiving subscriber are charged 
respectively the cost of sending and receiving voice packets 
over their networks. Assuming standard VoIP codecs14 are 
used we can estimate the cost to make and receive a minute 
equivalent of voice call.15 Using at the cheapest internet 
prices available in South Africa16 by the two main operators, 
one minute of VoIP conversation uses data costing between 
ZAR0.14-0.18 (around US$0.03).

One can see that this charging pattern is likely to be attractive 
to people making many calls, as the cost is shared between 
the caller and the receiver. But the receiving party faces data 
charges, whereas for a traditional voice call the receiving 
party will incur no charge. So for subscribers who receive 
calls, but do not make any, the cost of communication will 
increase significantly.

Internet browsing is charged in the same manner, with the 
subscriber incurring the full cost of access to receive and to 
send data packets. Under current internet charging regimes 
there is no mechanism for wholesale charges between the 
mobile network and the provider of content – the full costs 
rests with the subscriber not the content provider.

Subscription and cost of handset are also prices which dictate 
the affordability of mobile services. As explained above,  
in most emerging markets subscription for voice services  
is available free of charge and in additional the cost of a  
basic phone for voice and SMS services is also quite low.  
A basic phone, such as the Vodafone 150, can be purchased 
unsubsidised for less than US$15.

We can compare the cost to acquire a handset and to receive 
say 100 minutes of calls a month. Using standard voice 
communication, the subscriber would have to pay less than 
US $15 for a handset and would incur no usage fees. On the 
other hand, if the communication was made through VoIP, one 
would need to acquire a more expensive handset to utilise 3G 
technology (around US$50) and would be charged to receive 
the 100 minutes of VoIP, which would cost around US$3. 

One can see how such a fundamental change in the pricing 
structure could have significant impact on the affordability of 
mobile telephony. If data were the only service provided, such 
pricing would likely limit the ability of low income subscribers 
to afford mobile subscriptions. However, data is only one 
service of several – and many low income subscribers remain 
voice-only subscribers. The challenge in many emerging 
markets is how to design efficient pricing for all mobile 
services and still ensure diffusion of services to high cost 
rural subscribers and to low income, low usage subscribers 
everywhere. 
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We have already noted the academic and regulatory debate 
about the interaction between wholesale and retail voice 
charges. Less attention has been paid to the optimal pricing of 
mobile broadband. And even less attention has been focused 
on pricing between wholesale voice, retail voice and mobile 
broadband. The key challenge is to replicate the affordability 
cushion for mobile data services. The next section looks at 
this issue.

While the pricing mechanism may not exist within data 
services to allocate costs efficiently across both sides of the 
market, it might be possible to remove some of the data cost 
burden from end-users through efficient multi-product pricing. 
Operators offering mobile voice services have always been 
‘multi-product’ firms, providing outgoing and incoming calls, 
as well as other services such as SMS messaging and handsets.

It is a feature of multi-product firms that some costs are 
common across some, or all, of the firm’s products. That is 
particularly the case for mobile networks where all of the 
services use the vast majority of network assets – originating 
voice, terminating voice, SMS, broadband, etc. For example, 
towers (a significant cost component of a mobile network) 
support equipment which can be used to provide either 
voice or broadband or SMS. There is no concept in mobile 
engineering of a voice tower or a broadband tower. 

A recent regulatory cost model estimates that around 43% of 
total network costs are common – that is, cannot be causally 
attributed to any one service, and thus do not fall within the 
pure LRIC of any service. The percentage reflecting common 
costs is higher with stricter definitions of incremental cost. 
Such a large component of common costs could enable 
operators (and regulators) to create an affordability cushion for 
data services, if common costs were allocated appropriately.

The component of common costs in contemporary 3G 
networks is large. This is because the ‘coverage network’, 
which creates the conditions in which services can be provided 
over an extended geographical area, currently accounts for 
a high proportion of total network costs. The frequencies 
used for 3G networks normally require a large number of 
base stations to provide coverage, and these are quite likely 
to have excess capacity. As they fill up with more data traffic, 
though, the weight of the coverage network will diminish. This 
is important because the coverage network counts as a cost 
which is common to all services. This effect can be seen in 
Ofcom’s recent calculation of voice termination costs on two 
alternative bases, pure LRIC, which excludes common costs, 
and LRIC+, which includes them.17 The cost per minute for voice 
termination is 1 US cent for pure LRIC and 2 cents for LRIC+. 
Over time the gap will narrow as the pure LRIC cost rises. 

These considerations leave much leeway over the allocation 
of costs within a mobile network, whether for the purposes 
of business planning or regulation. Absent regulation, multi-
product firms subject to any degree of competitive pressure 
would probably set prices for individual services somewhere 
between short run incremental costs and stand-alone costs. 
In a mobile network, this is a significant range of possibilities. 
If competition were strong, the firms would ‘distribute’ 
common costs so that the impact of charging above marginal 
costs would have the smallest impact on volume sold.  

Such pricing would maximise the firm’s revenue – or put 
another way, would minimise the loss due to the need to 
charge above marginal cost to recover common costs. 

The introduction and growth of mobile broadband raises 
new ‘waterbed’ possibilities between voice charges (that 
is, both termination charges and retail rates) and the prices 
for data. And it also introduces the possibility of pricing 
data at an affordable level. So how will the price of mobile 
broadband react when revenue for voice services declines; 
and what levels of the three sets of charges will best promote 
penetration and usage? 

In addition, there is a question as to how the effect on 
demand of a change in voice charges is split between data 
and other non-voice services (such as SMS). When data 
services are in their infancy, it may be that the ‘transfer’ of 
even a small proportion of common costs could have a large 
effect on data prices. These questions are likely to have 
significant impact on affordability of mobile subscriptions in 
developing markets.

Yet the curious thing about some recent regulatory decisions, 
such as the European Commission’s Recommendation and 
the recent decision by the Kenyan regulator,18 is that they 
do not mention mobile broadband at all.19 As far as these 
decisions are concerned, voice might as well be the only 
service provided. This is clearly unsatisfactory.

4. Pricing unregulated mobile services 

Around the world, mobile services are subject to either direct 
or indirect behavioural and structural regulation. Wholesale 
mobile termination is the most widely and heavily regulated 
price. In many emerging markets, the structure and/or level 
of outgoing call prices are also subject to differing levels of 
regulatory controls, via rules on discriminatory pricing, rules 
as to the level of on-net price discounts, rules regarding 
notification and/or approval of tariff changes, and rules 
regarding the licensing regime, which affect the number of 
networks, licence areas, coverage obligations, MVNO access, 
and carrier pre-selection. 

Here we focus on the interaction of these controls, and in 
particular on the impact on the price of mobile broadband 
services of the level of cost recovery permitted, directly or 
indirectly, through voice services. This is an issue not yet fully 
developed by regulators.

It is useful to start by considering as a benchmark how voice 
and data services would be priced in relation to one another 
in a fully competitive market, where the operator incurs 
common costs. An operator breaking even in such a situation 
is likely to choose mark-ups over marginal/incremental costs 
that are inversely proportional to the sensitivity of demand for 
the service to its price. This is because lowering charges for 
price-sensitive services has a large positive effect on revenue. 
A lower mark-up over marginal cost for a price sensitive 
product has a smaller distorting effect on the allocation of 
resources, so it is also improves social welfare. Such pricing is 
known as ‘Ramsey pricing’, when revenues are calibrated just 
to cover costs. 
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So far, in the early days of their supply, data services have 
probably been charged at something roughly equivalent 
to marginal cost. If mobile networks have excess capacity, 
as many 3G networks did prior to the current boom in data 
subscriptions, the marginal or incremental costs of the 
new service were probably low. As long as prices cover 
incremental costs, then the service is not, on standard 
economic definitions, being cross-subsidised. However, as the 
network fills up with data, and more investment is required, 
these prices will be unsustainable. They may cease when new 
network investment is required.20 

Mobile broadband, as a new service, is likely to be more price 
sensitive than mobile voice. For this reason, operators will 
want to price their mobile broadband competitively. Operators 
may be willing to persist in doing so in combination with 
low termination rates and outgoing call prices in the early, 
‘land grab’, phase of recruiting customers, but this is not a 
sustainable long term proposition. Over that longer term, 
the trade off between voice and data price will become more 
acute. There are indications that the ‘land grab’ phase of 
mobile pricing is already coming to an end in some emerging 
markets. In any case eventually some operators will exit and 
prices will restore the remainder to a break-even position.

We can use a thought experiment to show the role common 
cost allocation plays in the pricing of regulated mobile 
services (and hence indirectly in the pricing of unregulated 
services too) through publicly available LRIC cost models. 
Ideally we would prefer to use a LRIC model which has been 
calibrated to suit emerging markets, but such models are 
not public. So for now we use the recent public cost model 
prepared to enable the Dutch regulator (OPTA) to set mobile 
termination rates.21 This is typical of the models used by 
regulators in many markets to determine the cost of services 
– in the Dutch example it was used to set prices of mobile 
termination rates. The same methodology can apply to the 
regulation of other services such as SMS termination.

In our thought experiment, the costs being discussed are 
efficiently incurred annual costs that the regulator has accepted 
can be fully recovered over the lifetime of the network. Taking 
account of depreciation, this means that the annual network 
costs allocated in each year must be fully recovered across the 
various services provided in that particular year. 

In the model, common costs make up 43% of total costs – 
in other words, 43% of total efficient costs are not directly 
attributable to any one service. Under the LRIC+ allocation 
method (see above), common costs are allocated as an 
(almost) equal percentage mark-up over the incremental 
cost, as shown in table 2.22 

Table 2. Percentage of common costs in total cost allocation23 

2010 2011 2012

Subscriber 24% 24% 24%

Voice 43% 44% 44%

SMS 24% 25% 25%

Data 44% 44% 43%

It is important to be clear about the nature of the thought 
experiment here. We are not saying that prices for data 
or voice services in 2010 or 2012 are or will be equal to 
incremental cost plus the regulator’s allocation of common 
costs. Instead, we are calculating what effect a switch in 
common cost allocation would have on ‘cost-based’ prices.24 
This might not be a good guide to actual business decisions, 
but it indicates the menu of choices facing an operator when 
it comes to set voice and data prices when there is a strong 
water-bed effect. 

To demonstrate the impact of common cost allocation 
decisions on the unit costs allocated to data, we first show 
in table 3 the effect of allocating all network common 
costs to data. The costs of non-data services (subscriber, 
voice and SMS) all fall, and we see that the cost allocated to 
data increases by 138% in 2010 and 105% in 2012. That is, 
allocating all common costs to data would more than double 
the cost per megabyte.

Table 3. The effect of allocating 100% of common costs to data 

2010 2011 2012

Subscriber -24% -24% -24%

Voice -43% -44% -44%

SMS -24% -25% -25%

Data 138% 117% 105%

The next thought experiment is to allocate no common costs 
to voice, so that all voice services are set to their incremental 
cost (pure LRIC). As can be seen in the table 4, the cost 
allocated for subscription and SMS more than doubles in 2010 
through to 2012. The cost allocated to data increases by 113% 
in 2010 and by 90% in 2012, when the effect will be slightly 
muted by higher data volumes. 

Table 4. The effect of allocating no common costs to voice

2010 2011 2012

Subscriber 133% 118% 108%

Voice -43% -44% -44%

SMS 133% 118% 108%

Data 113% 99% 90%

These calculations clearly demonstrate the possible 
consequences of the “waterbed” effect. So the key question 
for a regulator when reducing (or indirectly influencing) voice 
prices is whether the shifting of costs to other services will 
improve social welfare. 

An important caveat to the above results is that the 
distribution of costs reflects the actual and projected levels 
of data usage in the Dutch market. This is much higher than 
the level of usage currently seen in most emerging markets, 
whose mobile data markets are immature. Halving the data 
usage in the original Dutch model has a significant impact on 
the cost allocated to data.

In the original model, the LRIC+ cost of data ranged from 
€0.063–0.077. Halving data volumes increases the per MB 
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cost to €0.10–0.12. If, on top of this, all common costs are 
allocated to data, as Table 5 shows, those allocated costs can 
rise fourfold in the first year, falling to threefold when data 
volumes rise. 

Table 5. Allocating 100% of common costs to data, at 50% of the 
previous volume

2010 2011 2012

Subscriber -24% -24% -24%

Voice -43% -44% -44%

SMS -24% -25% -25%

Data 420% 360% 322%

Our exploration of the impact of reallocating common 
costs across voice and data services within our break-even 
world is not intended to be a forecast of what will happen 
in response to regulatory interventions. But in conjunction 
with the previous analysis it does show that the universe of 
possibilities includes some which are adverse in two ways: 
first by reducing the affordability of voice to poor subscribers; 
and secondly by loading costs by default onto data services.

5. Conclusions

The spread of mobile voice services to reach to the mass 
population in emerging markets has been one of the greatest 
developmental success stories. This success can be put down 
to liberal licensing and regulatory regimes, allowing new 
entry and efficient pricing through competition.

One of the key drivers for the mobile phone moving beyond 
a service for the rich elite has been the affordability cushion 
created through the interaction of retail charges for outgoing 
calls and wholesale inter-network charges for incoming calls. 
This pricing structure for voice has enabled mobile operators 
to cushion low income subscribers from the full cost of 
mobile subscription and usage. As a result, subscribers have 
mobile service at little or no cost, and have the ability to 
receive voice calls without charge. 

This chapter has argued that regulators must think carefully 
how to price mobile services to ensure the new data services 
are affordable, especially in emerging countries. Affordability 
is particularly important in these countries, where the 
penetration of data services is low, and there will need to be 
considerable investment in networks to extend coverage to 
lower income and rural consumers. The interdependence 
between voice and mobile broadband services is of greater 
importance to emerging economies precisely because they 
will have to rely almost entirely on wireless to accomplish 
their broadband transition.

The interdependence derives from a medium or long term 
‘adding up’ constraint on mobile operators’ revenues. To stay 
in business or justify new investment, they have to recover 
their common network and other costs within their overall 
revenues. If a network cannot recover any of those common 
costs on their regulated services, such as mobile termination 
charges or (to the extent that they are regulated) retail voice 
prices, then they will have to charge more for other services, 
notably mobile broadband. 

This constraint does not operate on a year-to-year basis but 
takes account of competitive pressures in the market place 
and of the point in the diffusion cycle of the different services. 
But, in the medium run, there will be such an effect.

Perhaps more important for affordability is that, unlike 
voice services, mobile broadband users are charged to both 
send and receive data such as when a VOIP call is charged 
under RPP charging. This is in contrast to the CPP charging 
of traditional voice services which has encouraged the 
widespread penetration of mobile voice services.

There is no hard and fast rule which will tell regulators what 
to do in these circumstances. They will have to assess supply 
and competitive conditions in their own voice market and 
in their fledgling broadband market, and take account of 
how central a priority relative affordability of voice and data 
services is in their case. 

The key point, though, is that regulating services within a 
“silo” mentality is likely to dent the affordability cushion 
for low usage low income subscribers as markets move 
into a data-focused world. Such an outcome is unlikely to 
improve welfare, especially in emerging markets where 
mobile networks will be the primary network through which 
broadband will be delivered to consumers. 
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1. Overview

This paper assesses the economic viability of fibre and 
wireless next generation broadband networks in the light of 
the very different economic drivers between developed and 
emerging markets. 

Next generation broadband networks (NGN) refer to a new 
network structure which is in effect based on Internet 
Protocol (IP). These NGN networks are capable of providing 
fast, always on, broadband services and being easy to 
reconfigure to meet changing consumer demand. 

In some OECD countries there are live plans to deploy 
NGNs with fibre providing the last-mile access. This entails 
overlaying and ultimately replacing the existing copper fixed 
last-mile access networks with fibre. 

In emerging markets, the debate on NGN investment has 
been influenced by the World Bank’s recommendation to 
invest in wide-scale fibre backbone networks.1 One example 
is the Kenyan National Fibre-Optic Backbone network. 
However, such investments (while still largely beneficial and 
to be encouraged) do not address the critical issue which is 
how end-users can have economical access to the speed and 
capacity of the fibre backbone network. 

This paper looks at the economics of fibre and wireless access 
networks. Fibre and wireless access architectures require 
the same fibre backbone transmission and modern IP core 
networks. The key difference is the technology through which 
end-users are connected – either a fibre connection to their 
home or through wireless technology.

In order to enable meaningful comparisons between the 
existing OECD-focused cost models and business cases 

and the commercial environment in emerging markets, we 
use the concepts of income density and cost per km2. NGN 
investment will occur up to the point at which the marginal 
cost of covering the next unit of area (cost per km2) equals the 
achievable marginal revenue from customers in that area (a 
proportion of income density). The paper goes on to estimate 
the economics of fibre and wireless access networks across 
three Indian States (Maharashtra; Karnataka; and Rajasthan). 

The results show that:

•  NGN deployment through fibre access lines would likely 
be limited to the largest cities only. We find that fibre roll-
out would be economically viable in only 3% of districts in 
Maharashtra, Karnataka and Rajasthan.

•  Wireless broadband access networks enable a much more 
extensive broadband coverage. We find it is economically 
viable to provide wireless broadband coverage to 98% of 
districts in the three states.

•  The higher data throughput enabled by fibre is only needed 
for very high demand applications such as on-demand high 
definition IPTV. Almost all consumer and business services 
can be provided through wireless access. Whether the 
benefits of higher throughput to consumers and businesses 
warrants the massive incremental investment needed to 
deliver fibre access networks is a critical question. 

•  Actual deployment is likely to be a hybrid wireless-fixed 
access network. This would comprise a fibre optic backbone 
network and fibre optic access links deployed to economically 
significant urban areas such as business districts and 
institutions, hospitals, and large businesses. Mass-market 
deployment of fibre (i.e. to every household) will not be viable 
and access is most likely to occur through wide-scale wireless. 

Luke van Hooft has over 10 years experience as a regulatory economist working in both OECD and emerging 
markets. He has undertaken extensive network costing exercises through Africa, India and Asia-Pacific and was 
also a senior economist with the Australian Government’s Productivity Commission. Luke holds degrees in law and 
economics from the University of Western Sydney and a Masters of Laws from the Australian National University. 
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The paper is structured as follows: 

•  Section 2 identifies the drivers of NGN fibre investment, 
looking at three parts of the network, the core, the 
backbone and the access networks;

•  Section 3 identifies the cost drivers of the fibre access 
network;

•  Section 4 analyses the variations in cost drivers between 
OECD markets and emerging markets;

•  Section 5 highlights the different economic fundamentals 
in emerging markets as opposed to OECD markets;

•  Section 6 assesses the viability of NGN fibre investment in 
emerging markets;

•  Section 7 assesses the deployment of wireless access 
broadband networks in emerging markets; and

• Section 8 concludes.

2. Identifying the drivers of NGN fibre 
investment

Most policy discussions about NGNs in OECD and emerging 
markets assume the need for fibre investment to provide 
next generation broadband services. But little consideration 
has been given to the actual architecture of the networks, 
still less the cost drivers of this investment. This section 
summarises the architecture options and examines the cost 
drivers of fibre investment.

The architecture for a next-generation network can be divided 
into three broad categories: the core network; the backbone or 
concentration network; and the access network. 

The technology options for the core and backbone/
concentration networks are relatively generic. They consist 
of an IP core with high capacity optic-fibre backbone links to a 
central office (or an equivalent aggregation node / exchange). 
The core and backbone networks are the same across both 
fibre and wireless NGN options. 

The difference between fibre and wireless networks centres 
on the access network. 

There are two commonly discussed options to connect end-
users to the central office/exchange: Fibre to the Cabinet (FTTC); 
and Fibre to the Home (FTTH).2 This paper focuses on FTTH 
technologies, as this is the architecture most often referred to in 
discussions of NGN access networks.3 However, the conclusions 
of this paper equally apply to FTTC.4 A simple diagram of a FTTH 
network is shown in figure 2.1. This figure depicts the access 
network architecture of the planned Australian FTTH network – 
showing the fibre connection between end-user premises and 
the central office (fibre access node).

In its 2010 report5, the consulting firm WIK modelled the costs 
of a greenfield deployment of fibre access networks. Most 
fibre investment in emerging markets will be greenfield as 
they do not have an existing copper network.6 

Figure 2.1. Fibre (GPON) access network architecture
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For all the FTTH technologies modelled, approximately 85% 
of total cost of deploying a NGN fibre network lies in the 
access network: that is, connecting central offices to end-
user locations (the network shown in figure 2.1).7 The most 
expensive element (49% of the total) is the cost of deploying 
the physical fibre link from the end-user premise to the final 
distribution point (the ‘drop cable’). The next element was the 
cost of installing in-house cabling which involves replicating 
any existing copper based in-house cabling in existing 
premises or installing new cabling in new build premises.

Figure 2.2. Proportion of cost per network element (GPON)
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Some costs were not included in the model, most significantly 
the devices, such as a wireless modem or a computer device 
(PC or laptop), a smartphone or tablet. For many consumers 
this cost may define what type of service will be accessible, 
especially in emerging markets where access to PCs will be 
limited by affordability.

Many broadband policies in emerging markets – such as the 
World Bank’s Central African Backbone Program; and West Africa 
Regional Communications Infrastructure Program – focus on 
the deployment of fibre backbone networks and much has also 
been made of the growth in international connectivity through 
building of additional under-sea cable fibre optic.

However, the more important question to consider is how 
to deliver affordable broadband to the mass market. The 
affordability of broadband will be determined by the costs 
incurred in deploying NGN broadband infrastructure. 
Research has shown that the majority of the cost of 
investment relate to deploying the access network. 
Consequently, the cost drivers and a comparison of different 
access technology options need to be fully understood to 
ensure the best technology is deployed.

3. Cost drivers of NGN fibre  
access network

The WIK model consistently found that the access network 
(i.e., the cost of connecting premises to the central exchange) 
accounted for around 85% the total cost of a fibre NGN 
(including backbone and core costs):

“The main cost of these NGN/NGA architectures is borne by the 
access network, especially by the civil engineering cost of digging 
trenches etc.” 8 

The main costs for the access network within Europe concern 
deployment of the drop cable from the central office to each 
premises. The drivers of these costs are:

•   Distance between the final distribution point and customer 
premises, expressed as household density (i.e. number of 
households/businesses per km2)

•   Labour costs

•   Trenches or aerial cabling

Based on average European data, WIK constructed a composite 
‘Euroland’ country and divided it into 8 areas of different 
population density known as clusters or geotypes. The features 
of each geotype modelled are shown in table 3.1 below.

Table 3.1. Geotype characteristics

Cluster Type Households  
per km2

Average trench 
length per 
household 

(metres)

Dense Urban 4,000 2.4

Urban 1,600 5.4

Less Urban 800 7.8

Dense Suburban 470 10.2

Suburban 280 13.1

Less Suburban 150 17.4

Dense Rural 60 28.6

Rural < 60 55.1

Source: WIK (2010), table 3-1.

To highlight the impact of different cost drivers on the  
level of investment required, a constant ARPU per subscriber 
is assumed. 

The higher investment needed to cover sparsely populated 
areas – reflected the greater distance between central office 
and end-users – is illustrated in Figure 3.1 below. Investment 
per subscriber is around four times higher in rural areas than 
in dense urban areas. The modelling shows that over 50% 
of the cost of total fibre network investment falls in the last 
two rural geotypes (household density less than 150 per 
km2). Therefore it is clear that, irrespective of the type of fibre 
technology in the access network, the vast majority of costs 
are incurred to connect households in the most sparsely 
populated areas.
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Figure 3.1 Investment per subscriber different geotype
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Labour represents the main component of these costs. 
In emerging markets this will differ significantly from the 
European benchmark. In addition access technologies that 
require greater labour inputs, such as trenching, will inevitably 
cost more than less labour-intensive architecture, such as 
aerial cabling. WIK assumes the cost of the drop cable via 
trenches to be €100 per metre in the dense urban geotype, 
decreasing to €60 per metre in the two least dense rural 
geotypes. Aerial cabling, which is used more extensively 
in the suburban and rural areas is budgeted at just €15 per 
metre.9 The assumed share of aerial cabling varies from zero 
for the urban geotypes up to 60% for the rural geotypes.10

While these data may be generally appropriate for Europe, 
we must be careful about simple extrapolation to emerging 
markets. 

4. Cost drivers for emerging markets

The cost of the fibre access network is driven largely by the 
civil works required to deploy physical cable links from the 
central office to end-user premises. This will vary according to:

•   Household density;

•   Labour costs and productivity; and

•   Scope for aerial cabling.

The most important drivers are distance and household 
density. In the densest urban geotype (where fibre 
deployment is economically viable) the average length of 
fibre needed per dwelling is around 2.4 metres, whereas in 
the rural geotype (non-viable deployment) this extends to 55 
metres. This variation has a dramatic impact. 

Table 4.1 below compares dwelling density between 
Johannesburg, Nairobi, Delhi and London.

Table 4.1 Household density selected cities

London Jo’burg Nairobi Delhi

Households  
per km2

1,918 612 1,415 1,722

Source: ONS, Kenya Census 2009, India Census 2001, South Africa Census 2001,  
CIA Worldbook. 

As you can see the city densities are similar but it is in the less 
urban areas where fibre deployment becomes challenging. 
Table 4.2 illustrates that the overall household density for 
South Africa, Kenya and India are significantly lower than in 
the UK. 

Table 4.2. Household density selected countries

UK South Africa Kenya India

Households 
per km2

107.5 11.4 15.1 58.4

Source: ONS, Kenya Census 2009, India Census 2001, South Africa Census 2001,  
CIA Worldbook. 

Lower labour costs and associated planning and civil costs 
may offset the impact of these differences in density. A 
comparison of minimum wage rates between selected OECD 
and selected emerging markets demonstrates that cost of 
deploying trenching may also be lower. For example, the UK 
wage rate is around US$1,500 whereas the wage rate in Kenya 
is US$205; US$390 in South Africa; and US$121 in India.11

The average of the selected countries show that the minimum 
wage rate in Africa is around 16% of the average of the 
selected OECD countries; the Asian average is around 9% of 
the OECD average. 

Labour productivity, however, may in turn offset a large 
proportion of the wage differential. For example, using the 
labour productivity data collected by the International 
Labour Organisation (ILO)12, the minimum wage rates above 
can be adjusted to reflect the differences in productivity.13 
Although this is a crude adjustment, it does indicate that the 
productivity adjusted wage rate in Africa is approximately 
136% of the selected OECD countries, while the Asian average 
is approximately 57% of the OECD average.14

The cost of deploying fibre in the access network can be 
significantly lower if deployment can be achieved via aerial 
cabling (i.e. on electricity poles). The availability of electricity 
poles will play a key part in the cost savings due to overhead 
cabling. If there are no existing electricity poles on which to 
hang fibre, the cost advantage will not be attainable. Table 4.3 
below shows the percentage of households with electricity 
per licence area category in India, where A circles reflect the 
most urbanised areas and C circles are the least urbanised 
areas. In addition, the security costs required to prevent 
damage and theft must be incorporated into the evaluation. 

Table 4.3. India – electricity availability per licence area category

Percentage of households with electricity

Total Rural Urban

Delhi 93 % 86 % 93 %

A Circles* 76 % 67 % 91 %

B Circles** 51 % 40 % 85 %

C Circles 26 % 18 % 74 %

* Includes Mumbai and Chennai Metro Circles, reported in their respective States of 
Maharashtra and Tamil Nadu.  
** Includes Kolkata Metro Circle, reported in West Bengal.

Source: India Census 2001, State-Wise Housing Profile, Source of Lighting.
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The assumption in the WIK model of extensive use of aerial 
cabling in European rural areas (60% of all cables) helped 
reduce the cost of deployment. However, as table 4.3 shows, 
such a high percentage would not be achievable in rural areas 
of B and C circles in India due to the lack of infrastructure. 

The cost to deploy fibre access cabling is likely to differ 
substantially from European costs but the overall impact 
is far from clear. Household densities (the key cost driver) 
in emerging markets are significantly lower than in Europe 
especially in rural areas. 

Therefore, it is far from clear that it will be less expensive to 
deploy fibre access networks in emerging markets. Indeed the 
cost may even be higher. Further work must be undertaken in 
this area. 

5. Emerging markets have different 
commercial fundamentals than  
OECD markets

Most NGN business cases have been developed for OECD 
countries. 

While the key driver of the costs of network deployment is 
household density, the key driver of the value of deployment 
is income per household. To facilitate comparison between 
towns in emerging and developed markets we have combined 
these concepts to calculate income density (income per km2). 

Comparative income densities in high and low income 
suburbs of cities such as Johannesburg are interesting 
to reflect on. The difference in the average area per 
dwelling can be seen below when comparing a satellite 
view of Diepkloof (low income) on the left and Parkview 
(high income) on the right. In a 200m2 area, Parkview has 
approximately 32 dwellings while Diepkloof has 91. 

 Diepkloof Parkview

Source: Google Earth

Income per household is difficult to obtain for this level 
of granularity, but a 2007 study found that the average 
household income for Diepkloof was ZAR1,500 per month.15 
Assuming household density of 455 per km2, the income 
density for Diepkloof is shown in table 5.1 below.

Table 5.1. Income density 

Annual income density  
(per km2)

Parkview Diepkloof

Household density 160 455

Income density (ZAR million) 222.2 8.2

Income density (USD million) 30.8 1.1

In comparison, Parkview is one of the most expensive 
suburbs in Johannesburg. If all the residents of Parkview have 
household income within the top 5% of Johannesburg income 
(an extreme assumption), we estimate annual household 
income16 as ZAR 1.4 million ($185,000). Income density for 
Parkview is shown below.

In the OECD, the above-average income suburbs are more 
densely populated than those where incomes are below 
average. For example, Greater London has substantially higher 
household income than Parkview and Diepkloof, and also has 
much higher household density. 

Kensington, London

Source: Google Earth

Table 5.2. Income density London

Greater London annual income per km2

Household density 1,918

Average household income £ 19,038

Income density (GBP million) 36.5

Income density (USD million) 58.8

Source: Office National Statistics, Census & NUTS1 regions GDHI per head indices.

Therefore, even for the most prosperous urban areas of 
emerging markets, the income density (and therefore 
revenue potential) is dramatically lower than for urban areas 
in OECD countries. 

The concept of income density and cost per km2 is used to 
identify the extent of economic deployment in districts within 
the Indian states of Maharashtra, Karnataka and Rajasthan in 
section 6 below. 



54

Broadband For All Moving the debate forward • The Policy Paper Series • Number 12 • May 2011

6. Assessing the economic viability of 
NGN investment in emerging markets

Many governments have stated a clear preference for fibre to 
be the access network of choice in next-generation broadband 
networks. However this policy choice has often been made 
without much data on the economic reality of deploying fibre 
to households. The cost of which is largely unknown. 

The economic viability of NGN investments depends on 
the interaction between the cost to connect a particular 
premise, and the achievable revenue from it. Denser 
household concentrations reduce the distance (and cost) to 
provide a fibre connection. The majority of the investment 
in a fibre NGN network is required for rural connections and 
this conclusion is likely to apply even more so to emerging 
markets, as the key cost drivers are less favourable. 

On the revenue side, the key driver is revenue per dwelling 
and achievable market share (or take-up). Given the high fixed 
cost nature of rolling out a fibre access network, a high take-
up is needed to make the investment economically viable.17 

Revenue assumptions in existing studies use ARPU assumptions 
from OECD market analyses and as a result are unrealistic for 
mass adoption in emerging markets.18 However, by converting 
the ARPU and take-up assumptions into equivalent minimum 
revenue per km2 requirement for economically viable 
deployment, we can compare existing European cost studies  
to emerging market figures. This conversion is shown in  
Table 6.1 below.

Table 6.1. Minimum monthly revenue per km2

Cluster type Households  
per km2

Critical 
market 

share

Minimum  
month revenue  

($‘000s) per km2

Dense Urban 4,000 26% $62.7 

Urban 1,600 38% $36.7 

Less Urban 800 48% $23.2 

Dense 
Suburban

470 47% $13.3 

Suburban 280 60% $10.1 

Less 
Suburban

150 69% $6.2 

Dense Rural 60 98% $3.5 

Rural 60 100% $3.6 

Minimum monthly revenue per km2 = households per km2 * ARPU * critical market 
share. ARPU assumed at €44.25 for all cluster types. Source WIK (2010).

Table 6.1 shows the minimum monthly revenue per km2 for 
each cluster type. The minimum revenue is equivalent to 
the marginal cost of providing fibre access – if this level of 
revenue cannot be obtained then it will not be commercially 
viable to deploy fibre links. As noted above, the key cost driver 
of fibre deployment is household density. Consequently, 
each cluster type (representing different levels of household 
density) has a unique marginal cost. For example, dense 
urban clusters (household density greater than 4,000) have a 

marginal cost per km2 of US$62,700 – equivalent to a cost per 
household of US$15 per month. Less suburban clusters have 
a marginal cost per km2 of US$6,200 – equivalent to a cost per 
household of US$42 per month.

Assuming a maximum take-up rate of 70%19, the minimum 
revenue per km2 required for commercial viability is US$ 
6,200. This applies to areas with a household density less 
than 280 household per km2. Similarly, in an urban geotype of 
4,000 households per km2, the marginal cost of deployment is 
US$62,700 per km2.

The extent of commercial roll-out will be determined by the 
interaction between the marginal cost identified above and 
the achievable marginal revenue per household. In most 
countries, the demand for telephone services has been 
estimated at somewhere between 2-5 per cent of income 
(figure 6.1).20 Assuming that households would spend a 
maximum of 5% of total household income on broadband 
access, we can establish likely revenue per km2. Fibre will 
not be economic in areas where telecommunications spend 
(calculated as 5% of income density) is greater than or equal 
to marginal cost of deployment (minimum revenue per km2). 

Figure 6.1. Total telecom revenues as % of GDP – 2007
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Using the approach outlined above, it may be economically 
viable to deploy a fibre access network in Greater London 
and Parkview in Johannesburg, as the marginal cost of 
deployment21 is less than 1% of total monthly income in either 
case. However, in Diepkloof (with significantly lower income 
density) the likely revenue, on the assumption of a 5% of 
total income spend, falls well short of the deployment costs. 
Therefore, fibre would not be commercially deployed there.

Table 6.2. Commercial deployment in selected suburbs

Area Cluster 
type

Monthly  
income 
per km2 

($’000s)

Marginal  
cost as 

percentage  
of income

Greater London Less Urban $4,900 0.5%

Diepkloof 
(Johannesburg)

Suburban $95 10.6%

Parkview 
(Johannesburg)

Less 
Suburban

$2,571 0.2%
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This analysis can be extended to the Indian states of 
Maharashtra, Karnataka and Rajasthan. Maharashtra and 
Karnataka both have major urban centres and a mixture of less 
urban and rural areas. Rajasthan is a more rural state.  
The results are shown in table 6.3 below. 

Table 6.3 breaks each state into district level, calculates the 
income density of each district and calculates the percentage of 
total income that is required to be spent on broadband access if 
the marginal cost is to be achieved. The relevant percentage is 
calculated for 2009-10 and estimated for 2019-20 (the current 
growth rate is assumed to continue for next ten years). 

The analysis shows that a fibre access network is 
commercially viable in only two districts in Maharashtra 
(Mumbai and Thane); one district in Karnataka (Bangalore) 
and not even one district in Rajasthan. 

These results raise a serious question about the possibility 
of using a fibre access network as the technology to deploy 
broadband services to the mass market in India or many 
other emerging markets.

However, fibre is not the only possible technology solution for 
deploying broadband internet. The next section looks at the 
commercial drivers for the wireless alternative.

Table 6.3. Assessing commercial deployment in selected states of India

Broadband cost as percentage of monthly district income (US$ per km2)

Maharashtra Cluster Type 2009 
-10

2019 
-20 Karnataka Cluster  

Type
2009 

-10
2019 

-20 Rajasthan Cluster Type 2009 
-10

2019 
-20

Mumbai Dense Urban 1% 1% Bangalore Dense 
Suburban

2% 1% Jaipur Dense Rural 12% 5%

Thane Less Suburban 4% 2% D.Kannada Dense Rural 13% 5% Banswara Less Suburban 15% 6%

Pune Dense Rural 7% 3% Bangalore 
Rural Dense Rural 14% 5% Alwar Dense Rural 21% 9%

Nagpur Dense Rural 11% 5% Dharwad Dense Rural 18% 7% Kota Dense Rural 24% 10%

Kolhapur Dense Rural 11% 5% Mysore Dense Rural 21% 8% Bharatpur Dense Rural 26% 11%

Nashik Dense Rural 16% 7% Udupi Dense Rural 22% 8% Ajmer Dense Rural 27% 11%

Raigad Dense Rural 16% 7% Bellary Rural 25% 9% Dausa Dense Rural 29% 12%

Aurangabad Dense Rural 20% 9% Kolar Dense Rural 26% 10% Rajsamand Dense Rural 34% 14%

Sangli Dense Rural 20% 9% Davanagere Dense Rural 30% 11% Jhunjhunu Dense Rural 34% 14%

Jalgaon Dense Rural 21% 9% Belgaum Dense Rural 31% 12% Bhilwara Rural 35% 15%

Bhandara Dense Rural 22% 10% Ramanagara Dense Rural 31% 12% Sikar Dense Rural 36% 15%

Satara Rural 23% 10% Mandya Dense Rural 35% 13% Dholpur Dense Rural 38% 16%

Solapur Rural 24% 10% Bagalkot Rural 37% 14% Swaimadhopur Dense Rural 41% 17%

Ahmednagar Rural 25% 11% Kodagu Rural 37% 14% Dungarpur Dense Rural 43% 18%

Akola Dense Rural 25% 11% Haveri Dense Rural 38% 14% Udaipur Rural 43% 18%

Ratnagiri Rural 31% 14% Gulbarga Dense Rural 38% 14% Sriganganagar Rural 43% 18%

Gondia Rural 31% 14% Shimoga Rural 42% 16% Sirohi Rural 46% 20%

Parbhani Rural 32% 14% Tumkur Rural 43% 16% Karoli Rural 48% 20%

Latur Dense Rural 34% 15% Hassan Rural 44% 16% Bundi Rural 50% 21%

Wardha Rural 35% 15% Chikballapur Rural 44% 17% Hanumangarh Rural 52% 22%

Chandrapur Rural 36% 16% Gadag Rural 45% 17% Jhalawar Rural 52% 22%

Nanded Dense Rural 36% 16% Bidar Rural 45% 17% Cittoragarh Rural 54% 23%

Nandurbar Rural 36% 16% Raichur Rural 46% 17% Pali Rural 56% 24%

Sindhudurg Rural 37% 16% Chitradurga Rural 53% 20% Baran Rural 59% 25%

Amravati Rural 39% 17% Chikmagalur Rural 55% 21% Jodhpur Rural 64% 27%

Dhule Rural 39% 17% Bijapur Rural 60% 23% Tonk Rural 64% 27%

Buldhana Rural 41% 18% Chamarajanagar Rural 67% 25% Nagaur Rural 74% 31%

Jalna Rural 42% 18% Koppal Rural 67% 25% Jalore Rural 80% 34%

Beed Rural 42% 18% U.Kannada Rural 70% 26% Bikaner Rural 127% 54%

Yavatmal Rural 43% 19%     Churu Rural 131% 56%

Hingoli Rural 45% 20%     Barmer Rural 170% 72%

Osmanabad Rural 50% 22%     Jaisalmer Rural 573% 243%

Washim Rural 61% 27%     Pratapgarh  na na 

Gadchiroli Rural 177% 77%         

Source: Net District Domestic Product (NDDP), State Economic Censuses for Maharashtra, Karnataka and Rajasthan. NDDP extrapolated to 2019-20 assuming Statewise GDP 
growth rate.
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7. Assessing the economic deployment 
of wireless access broadband networks 
in emerging markets 

The minimum revenue required to deploy a fibre access 
network would comprise an unrealistically high proportion 
of total income in almost all the districts of the Indian states 
investigated, and some suburbs of Johannesburg in South 
Africa. It is reasonable to conclude that outside of the most 
densely populated cities (like Mumbai, Delhi or Bangalore)  
a fully commercial deployment of fibre is unlikely to occur. 

Wireless access is a viable alternative, however. In most 
emerging markets current internet access (including 
broadband) is already mostly provided through mobiles 
rather than through PCs. For example, IDC estimates that in 
2010 there were 4.4 mobile internet users per 100 people in 
the Middle East and Africa region compared to 3.3 PC-based 
internet users. Similarly, in India there are estimated to be 5.6 
mobile internet users compared to 3.4 PC-based users.22

The cost of service and coverage analysis underpins the 
reasons why mobile telephony is far ahead of fixed telephony 
in emerging markets are likely to continue to drive the trend 
shown above, and to carry over into NGN broadband access. 

The technical architecture of a wireless access is set out in 
Figure 7.1. 

Figure 7.1. Architecture of wireless internet
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The core network and the backbone/backbone network are the 
same in both a wireless network and fibre NGN architecture. The 
fundamental difference between wireless and fibre architecture 
is the access network and the connected user devices.

•   The access network provides the last leg of connectivity 
between the core of the Internet and the user devices. For a 
cellular radio based network, it consists of a multiplicity of 
base stations, with each typically connected radio network 
controller.23 The base stations provide radio connectivity using 
licensed spectrum and communicate with the user devices. 
The access network is usually the most capital intensive part 
of a cellular network. For more localized premises, such as a 
campus or individual buildings, wireless access can also be 
provided using a wireless local area network (WLAN). WLAN 
utilizes unlicensed spectrum at 2.4 GHz or 5 GHz. With a 
more extensive WLAN, a WLAN switch may have to be used 
to provide resource management. Connectivity to the core 
of the Internet can be achieved by direct connection to the 
public network. 

•   User devices refer to a variety of devices including 
smartphone, laptop computer, tablet computers, personal 
computers and the like.

Wireless broadband can provide cost-effective 
coverage
While the technology used to deliver wireless access is 
fundamentally different from that used to deliver fibre access, 
the cost drivers are similar, the most significant being household 
density. This enables us to compare the relative costs to deliver 
broadband access (at a given speed) across the different access 
technologies. We use the same approach as used in section 6.

We can extend the concepts of income density and minimum 
revenue per km2 to directly compare the cost of providing 
fibre and wireless coverage. Minimum revenue in this context 
equals the cost to cover each square kilometre. The key driver 
of the cost per km2 is the coverage area of a cell site and the 
cost of the site. The main driver of the site area is the spectrum 
range over which the mobile signals are carried. The specific 
area per cell will be determined by local geographic factors. 

The coverage area per site is sourced from a recent study for 
the GSMA focusing on the coverage benefits of deploying 3G 
in 900MHz and represent average values. 24 The estimated 
average site area is extrapolated to the range of wireless 
broadband-relevant spectrum ranges using relative density 
estimates. The relevant figures for the calculation of the 
wireless cost per km2 is shown in Appendix A. 

The cost of each cell site will differ with technology and for 
each market. For example, sites in many emerging markets 
are often more expensive in rural areas due to difficulty 
in building and the extensive use of diesel and the need 
for security. Sites in many urban areas can also be quite 
expensive due to land values and scarcity of appropriate site 
locations. The relative cost of an urban and rural site will vary 
in each specific country. We therefore use cost assumptions in 
the recent Kenyan cost model produced by Analysys Mason. 
They assumed a cost per base station of US$ 87,800 and 
US$ 91,000 for rural base stations. 

Bringing the coverage area data (see Appendix A) and the site 
cost together gives the cost comparisons shown in Table 7.1.

Table 7.1. Comparing wireless and fibre coverage costs

Wireless Coverage Cost per km2

Dense 
Urban Urban Suburban Rural

450 MHz $14,900 $6,000 $1,300 $100 

800-900 MHz $42,600 $17,000 $ 3,700 $300 

1.8 GHz $68,000 $21,000 $ 5,100 $600 

2.1 GHz $79,800 $24,600 $ 6,000 $700 

2.5-2.6 GHz $102,000 $31,600 $ 7,700 $800 

3.5-3.6 GHz  $165,700 $51,100 $ 12,400 $1,400 

Fibre Cost  
per km2 $62,700 $36,700 $10,100 $6,200

Source: Cost per site; Analysys Mason, Kenyan LRIC Cost Model 2010. Urban fibre 
cost is average of urban and less urban. Suburban fibre cost is average of dense 
suburban, suburban and less suburban. Rural fibre cost represents the lowest cost 
per km2 for the viable maximum market take-up of 70%.
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The highlighted cells in the table indicate the spectrum 
ranges and the geotypes where it is cheaper to provide 
wireless coverage rather than the deploy fibre (assuming the 
marginal cost of fibre discussed above). The cost of wireless 
coverage depends upon the spectrum range over which it is 
deployed – for example, rural coverage for wireless broadband 
utilising the UHF spectrum at 450 MHz is around 8% the cost 
of using 3.6 GHz spectrum. 

The above data also shows that wireless coverage is also 
cheaper than deploying fibre in all geotypes for spectrum below 
900 MHz. Wireless is lower cost than fibre in urban and suburban 
geotypes for 2.6GHz and below. Providing wireless broadband 
coverage, over all possible spectrum ranges, is cheaper than 
deploying fibre for rural geotypes – and is approximately 95% 
cheaper per km2 than fibre using 800-900 MHz spectrum. 

The use of wireless technologies to provide broadband 
coverage to the majority of the population would be 
significantly more cost-effective than deploying fibre.

The implications of this for broadband coverage in the three 
Indian states looked at above (Maharashtra, Karnataka, and 
Rajasthan) are set out below. As we saw, it was commercially 
viable to deploy fibre access network in 2009-10 to only two 
districts in Maharashtra, one district in Karnataka, and no 
districts in Rajasthan. However, it is commercially viable to 
deploy wireless broadband coverage using 800-900 MHz 
spectrum to all but one district in Maharashtra, all districts in 
Karnataka, and all but one district in Rajasthan.

Table 7.2. Assessing commercial deployment in selected states of India

Wireless broadband cost as percentage of monthly district income (US$ per km2)

Maharashtra 2009-10 Karnataka 2009-10 Rajasthan 2009-10

Pune 0.4% Bangalore 1% Jaipur 0.2%
Nagpur 1% D.Kannada 1% Alwar 0.4%
Kolhapur 1% Bangalore Rural 1% Kota 0.5%
Nashik 1% Dharwad 1% Bharatpur 1%
Raigad 1% Mysore 1% Ajmer 1%
Aurangabad 1% Udupi 1% Dausa 1%
Sangli 1% Bellary 1% Rajsamand 1%
Jalgaon 1% Kolar 1% Jhunjhunu 1%
Mumbai 1% Davanagere 1% Bhilwara 1%
Bhandara 1% Belgaum 1% Sikar 1%
Satara 1% Ramanagara 1% Dholpur 1%
Solapur 1% Mandya 2% Swaimadhopur 1%
Ahmednagar 1% Bagalkot 2% Dungarpur 1%
Akola 1% Kodagu 2% Udaipur 1%
Ratnagiri 1% Haveri 2% Sriganganagar 1%
Gondia 2% Gulbarga 2% Sirohi 1%
Parbhani 2% Shimoga 2% Karoli 1%
Latur 2% Tumkur 2% Bundi 1%
Wardha 2% Hassan 2% Hanumangarh 1%
Chandrapur 2% Chikballapur 2% Jhalawar 1%
Nanded 2% Gadag 2% Cittoragarh 1%
Nandurbar 2% Bidar 2% Pali 1%
Sindhudurg 2% Raichur 2% Baran 1%
Amravati 2% Chitradurga 3% Jodhpur 1%
Dhule 2% Chikmagalur 3% Tonk 1%
Buldhana 2% Bijapur 3% Nagaur 1%
Jalna 2% Chamarajanagar 3% Jalore 2%
Beed 2% Koppal 3% Bikaner 3%
Yavatmal 2% U.Kannada 3% Churu 3%
Hingoli 2%   Barmer 3%
Osmanabad 2%   Banswara 4%
Thane 2%   Jaisalmer 12%
Washim 3%   Pratapgarh na 
Gadchiroli 8%   

     
Source: Net District Domestic Product (NDDP), State Economic Censuses for Maharashtra, Karnataka and Rajasthan.
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Wireless broadband will support the majority of 
internet applications

Wireless coverage is cheaper than providing fibre connections 
in all geotypes using 900 MHz spectrum and below. However, 
this does not imply that wireless will replace fibre connections 
where it is commercially viable to roll-out fibre. 

The cost drivers of fibre and wireless are different – fibre is 
expensive to provide coverage but enables high capacity 
once connected; whereas wireless is relatively cheap to 
provider coverage but is capacity-limited and requires further 
investment to increase capacity. The fundamental advantage 
of wireless is that it is much cheaper to provide connectivity. 
In areas where fibre is deployed, we would expect wireless to 
exist as a complement to the fibre network – to be used where 
mobility is needed. 

The early diffusion of broadband services appears to be 
driven by numerous applications most of which are equally 
well supported on both fibre and wireless networks. The 
basic productivity-enhancing applications such as e-mail, 
e-banking, m-government, and vast majority of web-
browsing, are allowed by the throughput provided by 
wireless technologies (see table 7.3). Thus when viewed 
from the perspective of end users, and their ability to 
pay, the differential quality of services between fibre and 
wireless, which undoubtedly exists for bandwidth intensive 
video services (such as multi-channel on-demand HDTV), is 
unlikely to be of sufficient value to underwrite the early stage 
commercial deployment of fibre access networks.

Wireless access networks will provide bandwidth of 
appropriate levels at a much lower cost for the vast majority 
of mass market broadband usage. Specialised bandwidth 
demands (such as hospitals, schools and large businesses) 
will still require dedicated P2P fibre connections to fully 
ensure the benefits of productivity, eHealth and eEducation 
solutions. But the mass consumer market would not be 
better served by a network which is more expensive as it 
delivers speeds required for few consumer services (other 
than on-demand HD IPTV). Indeed, in emerging markets, 
where cost will be the key driver in determining the level 
of broadband penetration, it would appear that wireless 
broadband would be a much more viable option for ensuring 
mass consumer penetration.

The key conclusion is that a wireless access network can be 
a cost effective way to deploy high speed broadband to wide 
area populations. FTTH can support higher speeds and this 
will be required for key users and is economic to provide in 
the densest areas, but wireless will be more cost effective 
for most emerging market geotypes and provide bandwidth 
of sufficient performance to enable acceptable current 
technology video conferencing; provide a good, responsive 
web-browsing experience; and support email services. 

NGN Deployment in New Zealand
Real world deployments are likely to feature a mixture 
of technologies in the access network. The key factors 
determining which technology is likely to be deployed 
are the use to the end-user, speed of deployment, cost of 
deployment and willingness (or ability) of the end-user to 
pay for broadband service. 

As an example of how the mix might work in practice, 
Vodafone New Zealand and Telecom NZ have recently 
won a tender to provide next generation broadband to 
rural New Zealand. The investment plan: focuses first on 
bringing fibre to schools and hospitals where the case for 
productivity and social gains is strongest; uses a mixture 
of wired and wireless technology to maximize value for 
money and population coverage; and is future-proof 
with a clear path to both fixed and wireless upgrades as 
demand develops.

It will bring 100 Mbps fibre connections to approximately 
730 rural schools and hospitals. It will then use this 
deployment as a backbone to provide 5Mbps fixed 
wireless broadband25 to more than 80% of the homes 
in the relevant area, with some 57% of fixed broadband 
covered homes also having access to a fixed DSL service. 
This part of the plan involves laying approximately 3,100 
kms of fibre – and re-using 6-7,000 kms of fibre already 
laid by Telecom NZ – to connect, schools, hospitals, 
businesses and fixed wireless broadband delivery points. 

By concentrating first on these key hubs, Vodafone’s 
roll-out plan allows fibre benefits to be delivered quickly 
to the population: 510 schools (79% of students) are 
expected to be connected in the first year with a further 
125 to be connected in year 2.

To improve coverage to 80% of the population the parties 
will build 154 new open access cell sites. This will also 
significantly improve rural cellular coverage for mobile 
voice, SMS and data. It is expected that the plan will 
provide mobile coverage to over 4500 km of rural roads 
and surrounding areas that are currently un-served. As 
mentioned above, 57% of the relevant homes will also 
have access to xDSL services at rates above 5Mbps, half 
of these with speeds above 10Mbps; and of those, 34% 
should achieve speeds of 50Mbps or better. 

The network will be designed so as to be easily upgraded 
to full FTTH architecture when demand conditions are 
sufficient. While the fixed wireless broadband solution 
will, initially, be provided over 3G HSPA+ with a maximum 
data rate of up to 28.8 Mbps there are plans to upgrade 
this to LTE in 2013/14 which should deliver speeds of up 
to 100Mbs.26  
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8. Conclusions

Most empirical studies and published commercial plans for 
the deployment of next-generation fibre networks in OECD 
countries show that the vast majority of the total costs of a 
fibre network (85%) lie in the access network – the cost to 
connect end-user premises to the central office. 

This paper applies the findings of these studies to the very 
different contexts of emerging markets. Many planned and 
actual investments in emerging markets (such as Kenyan 
national fibre-optic network, and the proposed Indian NGN) 
focus on deploying backbone fibre from central offices back 
to the core network. While important and beneficial, this focus 
ignores the key investment question of how to connect end-
users to the network (last-mile access investment). 

In conclusion, this paper finds that the commercial 
deployment of fibre access networks is likely to be more 
challenging in emerging markets. This is due to the 
combination of higher cost of network deployment due 
largely to lower dwelling densities; and lower achievable 
revenue per user. 

Using the concepts of income density and network cost per 
km2 this paper demonstrates that fibre deployment in three 
Indian states is likely to be extremely limited – FTTH roll-

out would be commercially viable in just 3% of the districts 
assessed. On the other hand, it is commercially viable to 
provide wireless broadband coverage to 98% of districts. 

In most emerging markets the diffusion of broadband to 
the mass market will only be possible through wireless 
access networks. NGN wireless networks will provide a cost-
effective alternative for bandwidth of sufficient performance 
to watch good quality standard definition streamed video 
such as YouTube most of the time, enable acceptable current 
technology video conferencing, to provide a good, responsive 
web-browsing experience and support email services. While 
fibre access would enable greater throughput up to 100 Mbps 
using current technologies, much of this throughput is only 
needed for very high demand applications such on-demand 
HD IPTV – almost all current consumer and business services 
can be provided through wireless access.

This paper finds that fibre access investment will likely be 
limited to specific areas that are commercially viable, such as 
business districts, institutions, hospitals, and large business. 
But mass-market deployment of fibre (i.e. fibre to every 
household) will not be commercially viable.

Table 7.3 Broadband applications using different technologies

Fibre 2G 3G** LTE***

FTTH GPRS EDGE HSDPA HSPA+

Max throughput* 100 Mbps 0.08 Mbps 0.23 Mbps 2 Mbps 56 Mbps 100 Mbps

E-mail      

Basic Internet      

e-Govt      

Basic e-health      

e-banking      

Music download      

Video download      

Tele-working      

Advanced  e-health      

Online gaming      

High Definition IPTV      

On-demand multi-channel IPTV      

* Theoretical maximum downlink speed.  
** Downlink speed of typical HSDPA network deployed currently. HSPA+ theoretical maximum.  
*** 20MHz carrier.
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Appendix A

The coverage areas used below are sourced from an Ovum 
study for the GSMA focusing on the coverage benefits of 
allowing 3G to be deployed in 900MHz as well as 2.1 GHz. 
Ovum calculated the following site areas to represent 
average values.

Table A.1. Coverage area

Coverage area (km2)

Dense 
Urban

Urban Suburban Rural

900MHz 2.06 5.15 23.47 304.87

2100MHz 1.1 3.57 14.65 139.06

Source: Ovum, Market Study for UMTS 900: A Report to GSMA. February 2007. 
See page 21 for cell radius and area.

Mobile broadband can be provided over a range of spectrum 
– ranging from the digital dividend UHF spectrum (400MHz) 
up to 3.6 GHz. We extrapolate the relevant site areas above 
to a range of wireless broadband-relevant spectrum ranges 
using relative density estimates. The table below shows the 
estimated coverage area for different spectrum bands.

Table A.2. Coverage area for MBB-relevant spectrum

Coverage area (km2)

Dense 
Urban

Urban Suburban Rural

450 MHz 5.89 14.71 67.06 871.06

800-900 MHz 2.06 5.15 23.47 304.87

1.8 GHz 1.29 4.19 17.19 163.16

2.1 GHz 1.1 3.57 14.65 139.06

2.5-2.6 GHz 0.86 2.78 11.41 108.29

3.5-3.6 GHz 0.53 1.72 7.06 66.99

Source: Vodafone Group; Booz & Company.

Notes
1  For example, see Williams, M (2010) Broadband for Africa: Developing 

backbone communications networks . http://siteresources.worldbank.org/
extinformationandcommunicationandtechnologies/ 
Resources/Broadband_for_Africa.pdf

2  Fibre to the Building / Premises (FTTB/P) may be understood as a variation on 
FTTH as fibre is deployed to a point within the dwelling with active equipment 
which then utilises the existing copper in-house wiring. FTTH deployments can 
then be divided into (i) Point-to-point (P2P) architectures or (ii) Point to Multi-point 
Passive Optical Networks (PON). Of these, GPON is the most common standard 
in Europe while EPON is deployed principally in Japan and South Korea. A third 
option called wave-division multiplexing PON (WDM PON) is a future technology 
currently in development.

3  FTTC can be a first step on the road to FTTH. Analysys Mason concludes that 
42% of the total rollout costs of FTTC are accounted for by the fibre to the cabinet 
which can all be reused for FTTH. However, given the very large proportion of 
costs accounted for by the drop and in-house segments, this only represents 9% 
of the total FTTH rollout cost. See Analysys Analysys Mason (2008), The costs of 
deploying fibre-based next-generation broadband infrastructure, at 1.4.2. Available at 
http://www.broadbanduk.org/component/option,com_docman/task,doc_view/
gid,1036/Itemid,63/

4  81% of the costs of a FTTC network lie in the access network. See Analysys 
Mason (2008), The costs of deploying fibre-based next-generation broadband 
infrastructure.

5  WIK-Consult (2010), Architectures and competitive models in fibre networks , 
December. Available at: http://www.vodafone.com/content/dam/vodafone/
about/public_policy/position_papers/vodafone_report_final_wkconsult.pdf

6  Different fibre technologies modelled are P2P, GPON, P2P GPON, and WDM-
PON. The modelling showed that the cost of network does not vary significantly 
between the different access technologies – at around 7-10% – holding all other 
variables constant. For a detailed explanation of each of these technologies, see 
section 2.2 of WIK-Consult (2010).

7  The study is based on a hypothetical country of approximately 22m households. 
Based on geo-data of several EU member states, this hypothetical country is split 
into eight areas according to population density, from dense urban to rural area. 
Available at http://www.vodafone.com/content/index/about/about_us/policy/
news/fibre_competition.html

8  WIK-Consult (2010) p.98.

9  WIK-Consult (2008) Economics of next generation access, A Report for ECTA, at 
2.1.2. Available at http://www.ectaportal.com/en/REPORTS/WIK-Study/WIK-
NGA-Study-2008/

10  Dense Urban: 0%; Urban: 0%; Less Urban: 10%; Dense Suburban: 20%; Suburban: 
30%; Less Suburban: 40%; Dense Rural: 60%; Rural: 60%. Source: WIK (2010), 
Table 3-2, p.97.

11  ILO, Global Wage Report 2010/11.

12  ILO, Global Wage Report 2010/11.

13  Total labour cost = per unit cost * number of units employed.

14  ILO, Global Wage Report 2010/11. Productivity adjustments are a more 
complex issue than the simple process used in this paper. It is beyond the 
scope of this paper to address this issue: more precise data, such as labour 
productivity of construction industry across countries, could be used. 
Alternatively, multi-factor productivity adjustments could also be considered. 
This issue warrants further study.

15  Mncube, Dumisani Wilfred (2007), Household survey on energy consumption 
patterns in Johannesburg townships: a case study of Diepkloof, Soweto, Chapter 4. 
Data for zones 1 and 2.

16  South Africa Census 2001, Household Income for Johannesburg. Average income 
of the top 5% of households adjusted to 2010 prices.

17  WIK shows that for a greenfield FTTH network GPON architecture could be 
delivered to 64.4% of the population in its hypothetical average European country 
on a commercially viable basis, if 70% of passed premises take up services. The 
recently released Commercial Plan of the Australian NBNCo also assumes that 
70% of passed premises will choose to sign up to its FTTH GPON network.

18  The WIK modelling assumes that each household has an ARPU of €44.25 per 
month (US$ 58.50), while the NBNCo assumes an ARPU of AUD 23.55 per month 
(US$ 23.94) in FY2013, increasing to AUD 52.20 (US$ 53.07) in FY2020.

19  This is consistent with the European modelling and the commercial plan of the 
Australian NBNCo. It must be noted, however, that such a rate of take-up would 
appear optimistic for emerging markets. Lowering the assumed required take-up 
increases significantly the minimum monthly revenue per km2 required to make 
deployment economically viable.

20  http://www.ictregulationtoolkit.org/en/Section.3337.html

21  Assuming a marginal cost of deployment equivalent to the relevant cluster type.

22  IDC, Digital Marketplace Model and Forecast

23  This is the architecture for 2G and 3G. In LTE radio network controllers are no 
longer required as separate elements

24  Ovum, Market Study for UMTS 900: A Report to GSMA . February 2007. See page 21 
for cell radius and area.

25  The fixed wireless service will also support 3 higher service levels with dedicated 
throughput for business and priority users. 

26  Utilises a 20 MHz carrier at 700 MHz.
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