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Introduction
This Briefing Paper for the Dynamic Spectrum Alliance sets out to provide a short
overview of the policy, regulatory and commercial arguments about the use of
dynamic spectrum. It takes the work that has already been done on TV White Spaces
globally as its starting point but broadens out the focus to examine the wider
implications of the use of dynamic spectrum.
Although it looks globally at dynamic spectrum, it examines Africa in some greater
detail. Because after North America, Africa is where the most TV White Spaces pilots
have taken place and a great deal of work relevant to all emerging economies has
happened on the continent.
The report is structured around three main sections as follows:
1.1 The Context: This section summarizes the history of TV White Spaces by
looking at: the pilots and trials that have taken place; the lessons learned; the basis
on which they were carried out and the regulatory frameworks that have developed
in different countries.
1.2 Why Dynamic Spectrum Matters?: This sections lays out the key arguments as
to why Dynamic Spectrum is important and its particular relevance to less well
developed countries.
1.3 The Business Model for Dynamic Spectrum Operators: This section looks at
the commercial arguments for TV White Spaces and the different business use cases
that it might fit.
The report concludes with a section called 1.4 Regulating for a changing future
that seeks to identify best practice for regulating dynamic spectrum and ways in
which it might affect how both licences and spectrum are allocated.
This report has been designed for anyone who works in the telecoms, Internet or
broadcast sectors or is involved in Government policy and regulation. Although it
deals with technical issues, it is not designed to give a detailed technical review of
any aspect of TV White Spaces and Dynamic Spectrum equipment. An appendix has
been provided that lists a number of pieces of background reading that may help
those readers wanting to dive into some of the detail behind what is presented in
this report.
I would like to thank all those who have spoken to me before I wrote this report
including: Charles Acheampong, Malcolm Brew, Pasquale Cataldi, Richard Chisala,
Mirela Doicu, Paul Garnett, Andy Halsall, Sonia Jorge, Irene Kaggwa, Ira Keltz, Frank
McCosker, Daniel Obam, Dorothy Okello, Jonathan Pinifolo, Thibaud Rerolle, Ben
Roberts, William Stucke Richard Thanki and Richard Whitt. Last but not least I
would like to thank the Treasurer of the Dynamic Spectrum Alliance Mark Rotter for
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his support during the writing of the report. Finally, whilst all of the contributions
above have been enormously helpful, I must take final responsibility for what is
written below.
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Report Summary
1.1

The Context

1.1.1 History: TV White Spaces (TVWS) came out of an initiative by the US
regulator - the Federal Communications Commission - to make better use of
spectrum in general but of broadcasting spectrum in particular. Once the rules for
fixed TV White Spaces devices were adopted in 2008, it commissioned a series of
prototype devices from different manufacturers that would be able to operate in the
“guard band” channel spectrum between TV channels.
1.1.2 TVWS Pilots: The proponents of TVWS embarked on a strategy of running
pilots and trials globally to prove that the technology could work. A Dynamic
Spectrum Alliance (DSA) paper in January 2016 counted 39 pilots, either under way
or completed. Others have been added since that date. The three biggest areas for
pilots (by number of projects) were remote/rural connectivity, education and
libraries. Arguments for the use of TVWS were targeted at closing the digital divide
and these were central to a programme that involved finance from Google and
Microsoft.
1.1.3 Emerging Regulatory Frameworks: At a global level, a number of key
regulatory authorities – including the USA, Canada, Singapore, South Korea and the
UK – had developed regulatory frameworks for the use of TV White Spaces. In
Africa, where a large number of the pilots took place, around half a dozen countries
have developed regulatory frameworks designed to allow the use of TV White
Spaces or are in the process of doing so.
1.1.4 Lessons Learned: The three key lessons learned from the pilots above can
be summarized as follows: the technology is safe and regulatory frameworks have
enabled users to have stable ways of accessing the spectrum; there are more
potential “white spaces” opportunities; and the TVWS technology is being used
successfully to connect un-served or underserved areas.
1.2

Why Dynamic Spectrum Matters?

Dynamic spectrum is an approach to the use of spectrum that has the potential to
deliver solutions to key issues that affect the efficiency of communications markets.
There are three main reasons why Dynamic Spectrum matters:
1.2.1 Beating the spectrum crunch: As both broadband capacity and user
demand for greater capacity increases, the amount of spectrum required by
operators will continue to increase. It is very clear that there are a great deal of
“white spaces”: parts of the spectrum that are either completely unused or are
under-used. There are a number of ways that have been devised to use these “white
spaces” more efficiently. Any regulator wanting an efficient market to deliver for
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their consumers has an imperative to look at how scarce spectrum might be shared.
TVWS is an effective technology and opens up different ways of sharing scarce
spectrum.
1.2 Opening market access for the unconnected: Over 4 billion people remain
unconnected globally and many of these are at the bottom of the income pyramid.
The business models that have successfully connected millions of people to the
Internet in developed economies will not work in the same way in less developed
economies. To meet the challenge of serving less well-off people globally –
particularly in remote and rural areas – both the cost of the capital to build the
network and the cost of operating the network needs to be lowered. Potentially
TVWS addresses these requirements in a number of different ways, offering better
reach and building penetration.
If access to TVWS spectrum is unlicensed (as with 2.4 GHz and 5GHz) then any
market entrant seeking to provide Internet to rural or remote areas will not be
paying spectrum fees. This saving again strengthens the business model for
potential operators wanting to create businesses to supply these types of areas.
Spectrum sharing is one approach that might unlock new business model
approaches.
1.3 Changing how spectrum is sold and used: A dynamic spectrum approach
allows multiple users to have access to the same spectrum. TV White Spaces are
simply one of several areas of white spaces that exist. TV White Spaces is a
mechanism for sharing spectrum and there may be other parts of the spectrum band
that lend themselves to sharing with different use cases. This exploratory work on
spectrum sharing in other bands does not mean overriding the ownership rights of
existing spectrum holders but working incrementally to see what might be possible.
For example, in the USA, dynamic databases are used in the 3.5GHz band to
coordinate access to the Citizen Broadband Radio Service (CBRS), which is based on
a three-tier access to spectrum: incumbent users, priority access, and general
authorised access. Also spectrum sharing is already being discussed as a possibility
for 4G and 5G at some point in the not too distant future.
1.3 The Business Model of Dynamic Spectrum Operators
TVWS offers a combination of a couple of key advantages that will help an operator
build a business a case. The characteristics of TVWS spectrum allow it to do a
number of things that are not easily available through for existing unlicensed
spectrum. For example, it does not have to be line of sight, it has a significant reach
and good penetration of buildings.
Three areas of commercial business case emerge: low income urban and peri-urban
areas; lower income towns and settlements, on and off the main roads; and off the
main road settlements within reach of the main road by TVWS technology. With
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some level of subsidy, a fourth category of public service business case can be
added.
1.4 Regulating for a changing future
Regulators globally need to look at TV White Spaces and dynamic spectrum as part
of the development of their policy and regulatory framework. There is now a
considerable body of regulatory work – both in developed and developing countries
– that provides useful templates covering all of the major issues.
Globally future regulation needs to incorporate TV White Spaces and dynamic
spectrum approaches for three reasons:
1.4.1 The work carried out on TV White Spaces lays the foundation for a wider use
of shared spectrum. Whilst there may no overall spectrum crunch, many
countries may experience spectrum “pinch points” which may limit the
availability of increased broadband capacity. Spectrum sharing is one way of
addressing this issue.
1.4.2 Dynamic spectrum offers a way of getting wider access to spectrum through
sharing in an environment of greater spectrum demands, incumbents
operating in virtually all sought after bands, and the likelihood of spectrum
clearing being low. Dynamic spectrum can also create ways of meeting Wi-Fi
spectrum demands in the mid-band area.
1.4.3 For rural, remote and under-served areas, TVWS spaces technology
combined with some form of unlicensed or low cost license access offers the
kind of incentives that will allow existing operators and new entrants to
create business models for areas that are currently on the edge of existing
addressable markets. These same incentives will allow more financially
efficient access for areas without a commercial business case.
Alongside these approaches, regulators – particularly from developing countries –
need to rethink the approach required for the payment and use of spectrum.
Developing countries have many potential Internet users but they have low
incomes. The more that is charged for spectrum – particularly access to spectrum in
rural areas – the harder it will be to create a business model that allows rural and
other low-income users to connect. TV White Spaces provides an answer to how this
issue can be addressed in a way that is not detrimental to existing primary spectrum
holders.
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1.1

The Context

1.1.1 History
TV White Spaces (TVWS) came out of an initiative by the US regulator - the Federal
Communications Commission - to make better use of spectrum in general but of
broadcasting spectrum in particular. It started with the idea of drafting the rules
that would need to be in place to make this happen. Once the rules for fixed TV
White Spaces devices were adopted in 2008, it commissioned a series of prototype
devices from different manufacturers that would be able to operate in the “guard
band” channel spectrum between TV channels. The original proposal was that TVWS
would operate in unused television frequencies between 54 MHz and 698 MHz (TV
Channels 2-51).
In simple terms, the TV guard band channels were left empty to prevent
interference between TV channels using neighboring channels. The original idea for
TVWS had been to have devices that sensed other signals using nearby spectrum
and adjusted their transmitted signal to avoid them by using an unoccupied piece of
spectrum.
As the idea for TVWS developed, an alternative way of dealing with interference was
developed. A database of spectrum in use was developed and this allowed TVWS
users to report the existence of their device to the database in order to avoid others
using spectrum that would cause interference.
One of the first companies to run with the technology was Microsoft that carried out
what is claimed to be the first TVWS Wi-Fi trial on its campus at Redmond in Seattle.
There was considerable resistance from broadcasters who feared that for all the
precautions taken, this use of “guard band” spectrum might interfere with their
broadcast transmissions.
Google got involved in 2007 seeing TV White Spaces as one way of unlocking the
value of spectrum, largely initially in the USA but later in the wider international
context. In 2013 it created an API to make the process of using TV White Spaces
easier. Companies using the Spectrum Database API were able to search for
frequencies unoccupied by TV or radio signals in specific areas of the United States,
and register equipment that uses those frequencies to broadcast wireless internet. It
also sees the possibility of spectrum sharing being possible in other bands. As
Richard Whitt, Corporate Director for Strategic Initiatives observed:”Spectrum is no
longer telecoms policy, it’s innovation policy.”1
A number of organisations emerged to champion the technology in this process and
the Dynamic Spectrum Alliance was formed as an international organization with
members including among others Facebook, Google, Microsoft and Ruckus Wireless.
1

Interview with the author.
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It has three objectives: closing the digital divide, enabling the Internet of things and
alleviating the spectrum crunch.
1.1.2 TVWS Pilots
The proponents of TVWS embarked on a strategy of running pilots and trials
globally to prove that the technology could work and to allow any adjustments to be
made if it did not. A Dynamic Spectrum Alliance (DSA) paper in January 2016
counted 39 pilots, either under way or completed. Others have been added since
that date: for example, the Mozambique regulator INCM tendered in April 2017 for
equipment to roll out a TVWS pilot in Nampula, Beira and Tete. However, it’s worth
looking at this early group of pilots to see what has been undertaken.
The pilots cover five continents: Asia, Africa, Europe North America and South
America. The map below shows the location of these pilot projects:

Map down
of Worldwide
Commercialby
Deployments,
Pilots,
and Trials
The table belowGlobal
breaks
the projects
where they
were
run geographically
and the overall purpose of the pilots:

About the Dynamic Spectrum Alliance
The Dynamic Spectrum Alliance is a global organization advocating for laws and regulations that will lead to
more efficient and effective spectrum utilization. The DSA’s membership spans multinationals, small- and
medium-sized enterprises, and academic, research, and other organizations from around the world, all
working to create innovative solutions that will increase the amount of available spectrum to the benefit of
consumers and businesses alike. Visit http://www.dynamicspectrumalliance.org/.

For
more information
Balancing
Act and press regarding these Commercial Deployments, Pilots, and Trials please9visit
the DSA website here: http://www.dynamicspectrumalliance.org/pilots/.
If you have any questions or comments, please contact us at admin@dynamicspectrumalliance.org.

Use type
Academic TVWS
research
Commercial
Disaster
Education
Fishing
Health
Libraries
Mixed use
Municipal Wi-Fi
Remote/Rural
connectivity
Smart City
Start-Up Cty
connectivity
Transport
Wildlife
streaming
Total by region

Asia

Africa

Europe

North
America

South
America

2
1
2

1**
5

1
1

1

1

1
5
1

1

2

2

2
4

2***

1
1

1

1
1

1
10

7

2
2
7
1
2
5
1
2
11

1
1

6

Total
Use
Type
2

14

2

39

* Use included a school, a hospital, an airport and research facilities.
** Commercial trialing of TVWS technology.
*** Use of one project was schools.

A wide range of use cases were rolled out globally starting mainly in 2012 but the
three biggest areas (by number of projects) were remote/rural connectivity,
education and libraries. As will become clear, the choice of these pilots was not
accidental.
The TVWS pilots were carried out by a very wide range of different organizations,
often cementing partnerships between different parts of Government and involving
community organizations and the private sector:
Type of organizations
Education
Libraries
National and local Government
Mixed
Commercial
Foundation/Development Agency
Telco
Other
Total

Pilots carried out
10
7
6
6
6
2
1
1
39

Arguments for the use of TVWS were targeted at closing the digital divide and these
were central to a programme that involved finance from Google and Microsoft. In
addition, the pilots took place in a wide range of geographies from Cape Town (a
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city with mountains in between) to a much less obstructed city landscape like Dar es
Salaam. Or to take examples of pilots with rural settings from places like the
mountain village of Tang in Bhutan to the forested terrain of Fu-Hsing Township in
Taiwan. Some pilots covered relatively small areas whereas the one in Namibia
consists of a network deployed over a 9,424 sq km area covering three regional
councils.
1.1.3 Emerging Regulatory Frameworks
In September 2013 the UK regulator Ofcom published a policy paper called TV
White Spaces: Approach to Coexistence following an extensive consultation with
stakeholders and a pilot. It looked at how TVWS would operate in the unused parts
of the radio spectrum in the 470 to 790 MHz frequency band. It suggested that
TVWS would share this band with the existing uses, Digital Terrestrial Television
(DTT), including local TV, and Programme Making and Special Events (PMSE),
including in particular wireless microphone users. Ofcom formally gave the goahead for TVWS in February 2015.
At a global level, a number of key regulatory authorities – including the USA, Canada,
Singapore, South Korea and the UK – had developed regulatory frameworks for the
use of TV White Spaces. In Africa, where a large number of the pilots took place,
around half a dozen countries have developed regulatory frameworks designed to
allow the use of TV White Spaces or are in the process of doing so:
Country
Kenya (CA)
South Africa (ICASA)
Ghana (NCA)
Malawi (MACRA)
Uganda (UCC)
Namibia (CRAN)
Botswana (BOCRA)
Tanzania (TCRA)

In Process

Draft

Implemented
commercial
trials
✓

✓
✓
✓
✓
✓
✓
✓

In Ghana the regulator NCA authorized 4 institutions and one commercial company
to run pilots. The latter has upgraded to a commercial license and asked to operate
in Kumasi (the country’s second city) and Tamale (in the poorer north of the
country). NCA is conducting a public consultation on a draft regulatory framework.2
The results of the consultation will be published shortly. The aim is to create a light
licensing regime with a low administrative cost.
http://www.nca.org.gh/media-and-news/news/public-consultation-on-television-white-space-tvwsspectrum-usage-regulatory-framework/
2
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In Kenya the regulator CA has authorized licensed broadcasters to work with
operators to make use of TVWS for unlicensed commercial trials. A grant has been
given by Microsoft to Nominet and two equipment providers to build a TVWS
database in Kenya, Malawi and Ghana. Mobile operators saw TVWS as competing
with their existing licensed bands but the regulator has made clear that TVWS
spectrum would be available to all operators.
In Malawi, there have been two TVWS pilots, one in Zomba and the other in the teagrowing district of Mulanje. A commercial licence has been awarded to C3 to roll-out
a national ISP service (see 1.3.2 below). The regulator MACRA has gazetted draft
regulations for TVWS. These are currently out for consultation and are likely to be
finalized in 2-3 months time. The spectrum being used is in the UHF band and the
licensing approach is likely to be costs that are cheaper than those of the primary
users of spectrum.
In Uganda, the regulator UCC has decided not to allow pilots before a regulatory
framework has been drafted. The regulator will base this framework on the
experience of previous pilots held elsewhere and on regulatory frameworks being
developed by other African regulators. It is looking at deployments in the 700 MHz
band and wants to ensure that there is certainty about availability of this spectrum
before going ahead.
It is looking at how sharing of spectrum might work and at the best way of
facilitating it with different kinds of models, including licensed and unlicensed
spectrum models. It expects to have this regulatory framework in place by the end
of the year but TVWS pilots may happen before the framework is fully established.
In South Africa, the regulator ICASA has published two important documents: one
is a draft regulatory framework and the other is a position paper on dynamic
spectrum use (see appendix for titles and download links). These provide a clear
summary of the debate between operators and the regulator over TVWS and the
detail of what a TVWS framework might look like.
The draft regulatory framework is out for consultation that closes on 19 May 2017.
Among other things, it covers the following: the characteristics of White Space
Devices; White Space Device Authorisation; the Avoidance of Harmful Interference;
Operational Parameters; Permitted Channels of Operation; Location Specific
Maximum Permitted Radiated Power; Requirements for White Space Devices to
Access the Geo-Location Spectrum Databases; Antenna Requirements and Limits;
Geo-location Spectrum Database Security Mechanisms; Responsibilities of GeoLocation Spectrum Database Operators; User Instructions Regarding Correction of
Harmful Interference; and WSD Operations near International Borders.
White Space Devices will be able to operate in the 470 MHz to 694 MHz UHF band
((TV channels 21 – 48). The White Space Device must have a “mandatory
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certification information from an accredited laboratory during network roll-out”.
The draft provides set levels of Effective Isotropic Radiated Power for both urban
and rural areas. It treats the Geo-Location Spectrum Database as a Master Device
through which the Client White Space Device must communicate.
The draft paper on dynamic spectrum covers the following: the Legislative Mandate;
the Introduction of Dynamic Spectrum Assignment; TV White Spaces Regulatory
framework; Introducing TV white spaces regulatory framework; TVWS licensing
models; Operational Management of Spectrum Databases; and a Roadmap for
dynamic spectrum assignment in SA and other uses of UHF spectrum.
ICASA argues in this paper that the TVWS is not a new service but an allocation of
spectrum. Therefore it has the authority to allocate spectrum for TVWS purposes.
The draft paper says:”The Authority has undertaken extensive research and studies
on DSA and the possible use of TVWS thus confirming that interference is not caused
to Primary users. The Authority is to develop regulations on TVWS to ensure the
protection of Primary users from harmful interference”.
It says that “the DSA concept is applicable across the Radio Frequency spectrum
band.” Interestingly the draft paper summarises the responses to its proposals as
follows:”On the question of the roadmap for future application of DSA to other
bands, there is an overwhelming support for studies towards application of DSA to
other bands…There is no agreement however on which bands to consider, this
maybe one of the initial research questions into the future studies”. However, it
specifies that:”The Authority’s position that only fixed wireless applications should
apply to the concept of TVWS since mobility in TVWS has not been sufficiently
demonstrated”.
It states that:”It is clear that the increasing introduction of TVWS regulations across
the globe has the potential to accelerate the maturity of TVWS ecosystem.
Furthermore, the Authority’s view is that TVWS regulations should be service and
technology agnostic”.
In terms of licensing models, it notes that “such regulatory licensing frameworks
(for TVWS) can be adopted from best practices of other countries such as the FCCUS, Ofcom- UK, Canada and Singapore. On the key question of a licensed or
unlicensed regime for TVWS, ICASA says that “mandatory registration of
information must be provided prior to the network roll-out”, which would seem to
indicate a light approach to licensing.
In response to one company’s criticism that TVWS had not really made much
progress as a technology in the USA after 10 years, ICASA noted:”While the
Authority takes note of the precedents quoted, the need for TVWS is driven by the
lack of ubiquitous universal broadband access. The adoption of TVWS is therefore
expected to be more rapid in our access-deprived environments”. (author’s italics)
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But while regulatory frameworks have been put in place in a growing number of
countries, the business case for commercial and non-commercial use of TV White
Spaces has (for a number of reasons) been slower to develop. Indeed, few of the
original pilots were directly targeted at developing commercial use cases and these
are examined in the section below.
TV White Spaces Databases – What they do
The TVWS database (often referred to as the geo-location database) is a cloud-based
software that permits transmissions in the TV band as long as there is no
interference to primary users. The power limits that radios must comply to are
calculated in real-time by the database by taking into account information about the
radios, their location, the geography, and, of course, the rules indicated by the
regulator.
Managing spectrum effectively is one of the key ingredients to deliver high quality
services that can meet the ever-increasing demand for connectivity. There are
several innovative business models that spectrum sharing enables and therefore
many business opportunities for companies providing services around dynamic
spectrum databases. The services can obviously target network operators,
regulators, and radio manufacturers. Yet, other types of services are likely to emerge
in the future as the regulations and the market evolve.
From a regulatory point of view, the fundamental approach for using TVWS is quite
similar in all countries. In general, the framework is based on protecting incumbent
transmissions, while allowing authorized radios to transmit. Potential interference
among secondary users (i.e. TVWS radios) is not handled by the regulatory
framework and can be addressed directly by the radios, or managed by the
database. The main differences among different countries are in the technical rules
to compute the maximum transmitting powers of the radios, and the radio
certification process.
TVWS is only the first example of dynamic spectrum sharing based on databases. In
the US, dynamic databases are used in the 3.5GHz band to coordinate access to the
Citizen Broadband Radio Service (CBRS), which is based on a three-tier access to
spectrum: incumbent users, priority access, and general authorised access. Also
Licence Shared Access is based on a spectrum database to determine the protection
areas, although at least initially the database does not need to be dynamic.3

3

This box is based on interview with TVWS database providers Nominet.
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1.1.4 Lessons Learned
The key lessons learned from the pilots above can be summarized as follows:
i)
Although not yet a fully commercial technology, there is now sufficient use to
consider it a safe technology and enough regulatory work to enable users to have
stable ways of accessing the spectrum. After some minor teething troubles, the
technology seems to have worked smoothly in the pilots and delivered bandwidth
up to between 2 mbps to 20 mbps in operational uses. There appear to have been no
cases where the use of TVWS interfered with broadcast transmissions. Both the
database technology used and the regulatory frameworks continue to develop but
neither is an obstacle to deployment.
ii)
TVWS works on unused broadcast spectrum and with analogue TV channels
care was taken to have sufficient channels separating out the broadcast signal from
the TVWS signal. With the transition to digital broadcasting, there are often more
opportunities to use unused spectrum because of data efficiencies: the guard band
channel has come down in size and overall, there are more potential TV
transmission channels.
iii)
Although it has little to do with the TVWS technology itself a wide range of
organizations took part in the pilots and successfully delivered bandwidth to their
chosen community. These ranged from education to commercial companies and
from mixed stakeholder partnerships to Government. If something is properly set
up and funded, a number of organizations can take part in delivering connectivity.
This is explored in section 1.3 below.
iv)
There are a number of different “flavors” of regulation for TV White Spaces
and African regulators have built upon global experience elsewhere to encourage
the use of this new technology, particularly in tackling increasing access to unserved
or underserved areas.
1.2

Why Dynamic Spectrum Matters?

Dynamic spectrum is an approach to the use of spectrum that has the potential to
deliver solutions to key issues that affect the efficiency of communications markets.
There are three main reasons why Dynamic Spectrum matters:
1.2.1 Beating the spectrum crunch: The laws of physics dictate that the amount
of spectrum available will be limited. Different spectrum has properties that make it
more efficient for distinct uses and it has been allocated by international
agreements on that basis, further limiting the spectrum available in particular
bands. As both broadband capacity and user demand for greater capacity increases,
the amount of spectrum required by operators will continue to increase.
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However, the amount of spectrum available is not a fixed sum. It is subject to the
vagaries of allocation that has in some cases led to under-use and there have also
been continuous efforts to improve the use of existing spectrum
But paradoxically, as the demand for spectrum increases, it is very clear that there
are a great deal of “white spaces”: parts of the spectrum that are either completely
unused or are under-used.
These “white spaces” take very different forms. They can be geographic: so for
example, spectrum allocated to an operator nationally may remain barely used or
completely unused in rural areas. Likewise, spectrum allocated to for example, a
Navy is not likely to be used as much inland as it is on certain parts of the sea. But
even within urban areas, spectrum used by operators is rarely busy 100% of the
time4. Finally, there is spectrum that remains unused to prevent interference
between signals in two different channels, this last white space being the one that
became known as TV White Spaces.
There are different approaches to how spectrum might be used more efficiently. The
most recent major change has been the transition from analogue to digital
broadcasting. Broadcasting TV signals digitally has enabled both a far larger number
of TV channels to be broadcast in the same amount of spectrum and changed how
much spectrum might be required for the separation of TV channels. The more
widespread adoption of MIMO in its different variants will probably also result in
big gains in spectrum efficiency.
TV White spaces came out of a desire by the FCC to see how the use of spectrum
might be made more efficient. The aim was to find ways of sharing one form of
under-used spectrum. Out of this process came a technology that is able to share
spectrum under certain conditions.
Although there have been predictions that (for example, in the USA by the FCC)
spectrum would run out, efficiencies in the use of spectrum have thus far created
higher levels of use. But the issue is not always about whether there is an overall
spectrum shortage but whether certain spectrum ranges come under greater
pressure.
Markets tend to thrive better when the things that are required to make them
function are as widely available as possible. If there is a shortage of spectrum, this
means that potential new entrants (with perhaps more innovative and cost-effective
services) are either denied access to the market or have to wait until one or more
players fail.

WOUGNET in Uganda has done research in association with an academic institution on spectrum use in
Kampala and found that spectrum occupancy was only 40-60% in the capital, meaning that there would be much
lower occupancy rates in rural areas.
4
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Shortage of spectrum – either overall or in key bands – will drive up the price of
spectrum making the barrier to market entry higher. The more money paid for
spectrum, the more money that has ultimately to be recovered from users, leading
potentially to higher prices where market numbers are lower. In these
circumstances maximizing revenue from spectrum will inevitably increase the cost
of Internet access for citizens: this is the situation of many countries in Sub-Saharan
Africa.
The use of the ISM bands for Wi-Fi delivery has shown how unrestricted spectrum
has fostered cost-effective Internet delivery technologies. Wi-Fi technology is the
most widely distributed globally and is undoubtedly the cheapest for many uses. TV
White spaces spectrum offers similar opportunities for innovation.
Therefore any regulator wanting an efficient market to deliver for their consumers
has an imperative to look at how scarce spectrum might be shared. TVWS is an
effective technology and opens up different ways of sharing scarce spectrum.
1.2 Opening market access for the unconnected: Over 4 billion people remain
unconnected globally and many of these are at the bottom of the income pyramid.
These are all people who do not have access to the opportunities provided by the
digital revolution. The business models that have successfully connected millions of
people to the Internet in developed economies will not work in the same way in less
developed economies.
In order to get an acceptable level of commercial return, operators have focused on
addressable markets: in other words, markets where the costs of recovering income
generate a sufficient rate of return to satisfy investors and enable re-investment.
Over time, what can be defined as an addressable market changes. There was a time
in Sub-Saharan Africa when some mobile operators would say 3G would not work
or would only work in limited areas in cities. Now there are many millions of people
on the continent using 3G. But even with this growth, only 27.7% of the people in
Africa have Internet access5.
Operators in nearly all countries have to pay the equivalent of a tax to fund
universal service to close this “market failure” gap. However, as the Alliance for
Affordable Internet’s 2017 Affordability Report noted:” Universal Service and
Access Funds, an important tool to finance strategic investments in the sector, either
don’t exist or are dormant in over a third of countries (of the 58 countries surveyed
in the report).”
To meet the challenge of serving less well-off people globally – particularly in
remote and rural areas – both the cost of the capital to build the network and the

5

Internetworldstats.com
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cost of operating the network needs to be lowered. Potentially TVWS addresses
these requirements in a number of different ways.
The propagation characteristics of TV White Spaces spectrum in the allocated TV
bands can: go through forested areas, work without line of sight and penetrate
buildings well. Mawingu in Kenya is using TVWS for one of its point to multi-point
links. In the first pilot phase its TV white space base stations achieved speeds of up
to 16 Mbps on a single 8 MHz TV channel at distances of up to 14 kilometers.
Another of the TVWS pilots in Tono City, Iwate, Japan carried out by NICT and
Hitachi Kokusai Electric under R&D contracts with the Ministry of Internal Affairs
and Communications established a link of 12.7 kms with throughput of 5.2 Mbps
downstream and 4.5 Mbps upstream. Using channel aggregation with two channels,
throughput was 15.5 Mbps downstream and 9.0 Mbps upstream over 6.3 kms.
The networks delivering TV White Spaces put together existing fibre, TVWS
technology for (potentially) both backhaul and access delivery and Wi-Fi for first
mile access. In common with GSM networks delivering Internet (whether 2G, 3G or
4G), these cheaper networks still require power and masts. However, the capital
requirements for each of these items is significantly lower in most geographies,
particularly with the use of solar power.
Detailed modeling has been done on cost comparisons between the type of TVWS
network described and its equivalent for LTE6. On the significant comparison of cost
per mbps delivered, the TVWS network delivers more cheaply. The precise basis of
the figures in this modeling should rightly continue to be argued over: there are
very few operational business models for either TVWS or LTE in rural areas. But one
thing is very clear, in a situation where a mobile operator may reasonably say it is
uneconomic for them to provide data coverage, a TVWS network may have better
commercial chance of being able to do so.
The final part of the argument is that if access to TVWS spectrum is unlicensed (as
with 2.4 GHz and 5GHz) then any market entrant seeking to provide Internet to
rural or remote areas will not be paying spectrum fees. This saving again
strengthens the business model for potential operators wanting to create businesses
to supply these types of areas.
All too often over the last five years, there has been a blockage in completing the
task of providing Internet to rural areas. Mobile operators have been reluctant to
widen their data coverage for understandable commercial reasons but are equally
reluctant to see anyone use their unused spectrum to carry out this task. In
relatively uncompetitive environments in less developed countries this means that
any market development beyond the mobile operators’ data coverage area is largely
frozen.
Comparing Costs of Deploying TV White Spaces (TVWS) and Long Term Evolution (LTE) Networks, Umair
Qayyum, Tech Mahindra for Microsoft, 9 May 2016
6
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There have been occasional experiments where mobile operators have franchised
out their operation in a remote area to a local entrepreneur but this approach is not
widespread. The mobile operators feel they are protecting their investment in
spectrum and are reluctant to see others able to operate on what they see as more
advantageous terms. The challenge contained within the existing spectrum model is
that the market in more populated centres will support payments for access to
spectrum that the market in rural areas with scattered populations will not. One size
does not fit all circumstances.
Sharing is one approach that might unlock new business model approaches. Sharing
of passive infrastructure is now widely accepted (after initial resistance) but sharing
of spectrum has been much more contested until relatively recently.
Mobile operators have spread their voice coverage in many countries in less welldeveloped markets to the limits of their current addressable markets. However,
Internet is much less widely provided for within GSM networks: for understandable
reasons coverage focuses on towns and major road routes. Also 2G and 3G coverage
in more rural areas tends to suffer from an unhealthy combination of the following:
relatively high prices for small amounts of access (expressed in MBs), low speeds
that cramp functional uses and an acceptance of relatively low levels of quality of
service by both operators and users.
Getting Internet access at higher speeds and lower prices to remote and rural users
requires a combination of resetting the business model to get better operating costs,
incentives on spectrum costs and cost-reducing innovative approaches to the
technologies used.
1.3 Changing how spectrum is sold and used: The advocates for dynamic
spectrum technology have focused their attention on a way in which the technology
can be used to demonstrate that it works through TV White Spaces. However
dynamic spectrum opens up a much wider set of potential benefits. The road that
could stretch to the horizon for dynamic spectrum might include everything from
some quite incremental changes to the possibility of a much more fundamental shift
in how spectrum is sold and used.
Although it was never intended to be used in this way, the unlicensed 2.4 GHz and 5
GHz spectrum has enabled the development of one of the most widely used Internet
technologies Wi-Fi. Arguably allowing TV White Spaces or equivalent white spaces
to be unlicensed might allow this technology to become a similarly useful part of the
technology ecosystem, both for first mile and backhaul delivery. Continuous
innovation requires new and existing players to have access to spectrum that is not
being charged in same way as you might for commercially allocated spectrum.
A dynamic spectrum approach allows multiple users to have access to the same
spectrum. As pointed out earlier, TV White Spaces are simply one of several areas of
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white spaces that exist. The approaches used for TV White Spaces can be used (after
full discussion) for other areas of white spaces.
Put simply, TV White Spaces is a mechanism for sharing spectrum and there may be
other parts of the spectrum band that lend themselves to sharing with different use
cases. This exploratory work on spectrum sharing in other bands does not mean
overriding the ownership rights of existing spectrum holders but working
incrementally to see what might be possible. For example, in the USA, dynamic
databases are used in the 3.5GHz band to coordinate access to the Citizen
Broadband Radio Service (CBRS), which is based on a three-tier access to spectrum:
incumbent users, priority access, and general authorised access. Also spectrum
sharing is already being discussed as a possibility for 4G and 5G at some point in the
not too distant future. 7
Finally, it is not impossible to imagine that the time used by different operators of
the shared spectrum might be recorded. So for example, it would be possible to tell
how many minutes particular operators made of the shared spectrum. If that were
possible it is not too much a step to imagine being able to charge for spectrum on a
time used basis rather than on a pre-purchased basis.
The attraction of this approach is that it puts pressure on operators to make the
most effective use of the spectrum charged in this way, which might hold wider
lessons across all types of spectrum sold.
TVWS Technology – A Future Roadmap
In 2013, the IEEE 802.11af standard was implemented that would allow the creation
of chipsets that are compatible with TVWS devices. But as always with new
standards there has been a time lag between standard finalization and the
mainstream adoption of the chipsets and devices based on the standard. Also since
11af is in a completely different frequency band it is also taking time to be
implemented.
Cost of equipment is key to a wider roll-out of TVWS devices and like other new
equipment, two factors will drive down prices: volume sales and the availability of
chipsets. Here there is a “chicken-and-egg” challenge in the market. Chipsets require
investment by companies that can only be justified if there is some prospect of
volume market sales. However, in some cases vendor companies (especially startups) might take a leap of faith and invest in the chipsets for a new technology, which
may become the driver for the formation of an ecosystem.

Ofcom Promises Enough Airwaves For 5G, Looks At 3.4 – 4.2GHz Spectrum Sharing:
http://www.silicon.co.uk/workspace/ofcom-spectrum-sharing-5g-190049; 5G Shared Spectrum, Qualcomm,
September 2016: https://www.slideshare.net/qualcommwirelessevolution/5g-shared-spectrum-67562735
7
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The key to volume sales is probably the availability of a US$10 chipset that – with
the right global regulation – would open up volume sales in different regions.
The challenge then – as it was with WiMAX – is whether the technology will take off
in a sufficient number of regions to create the required volume. As one equipment
vendor told us”:USA is always the early adopter market for a new technology. If
something can take off in the USA, it will mostly likely take off around the world.
However, as the global economic power landscape has shifted in the recent years,
other counties are playing increasingly more important roles, like China. So my
assessment is that the TVWS mass market adoption probably has a 50 percent
dependency on the US and 50 percent dependency on the rest of the world”. 8
1.3 The Business Model of Dynamic Spectrum Operators
TVWS advocates have tended to focus their arguments around the idea that TVWS is
well suited to particular segments or business cases. A number of different use cases
are usually identified including the Internet of Things, low-cost broadband for rural
areas, use in public facilities like hospitals and libraries and for low-income users
like students. In truth, there is no business model or business case that is intrinsic to
TVWS technology.
TVWS offers a combination of a couple of key advantages that will help an operator
build a business a case. The characteristics of TVWS spectrum allow it to do a
number of things that are not easily available through for existing unlicensed
spectrum. For example, it does not have to be line of sight, it has a significant reach
and good penetration of buildings.
Furthermore if this spectrum advantage is combined with a regulatory framework
where TVWS is available on an unlicensed basis, this combination provides a
significant financial advantage to an operator. It is worth emphasizing that although
these advantages have been largely used by new market entrants in the roll-out of
the pilots, there would be nothing to stop existing operators making use of them.
These technical and financial incentives are particularly well suited to any operator
wanting to create a business case for providing data and Internet services for lowincome customers and reaching customers in rural areas.
The argument is not that these services would compete directly with existing mobile
data services but would be an addition to the service ecosystem. For example,
people on the move or in rural or under-served areas where there was no
alternative would continue to use 2G and 3G connectivity.

This box is based on an interview with Haiyun Tang, CEO and Co-Founder of TVWS equipment vendor,
Adaptrum.
8
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But with a cheaper and faster fixed connection, they would have alternatives that
they might use over Wi-Fi hot-spots with the following: a low price smartphone,
with a cheap Wi-Fi CPE in their home and at a cyber-café or similar public access
point. By increasing the number of points where people can be online throughout
the day, the data market will grow over time and all operators will share in that
growth. By lowering prices, the amount of use and the numbers using data will also
start to grow in these areas (see case study below).
This business case addresses different issues in different parts of a country’s
geography. These are represented schematically in the table below that breaks a
country’s geography into three broad geographic categories based on Sub-Saharan
African countries: what is described as a main road may in some countries simply be
a large dirt track or a river. From left to right these geographic categories represent
increasing levels of difficulty for operators to reach.
In the rows below the geographic headings, it summarises the kinds of existing
network issues found, the issues experienced by existing and potential low-income
users and the kind of business case that might be possible with TVWS incentives.
Three areas of commercial business case emerge from this summary. The first two
are about “in-fill” coverage and the third is about extending edge of market
coverage:
(i)

The low income urban and peri-urban areas

(ii)

Lower income towns and settlements, on and off the main roads.

(iii)

Off the main road settlements within reach of the main road by TVWS
technology.

With some level of subsidy, a fourth category of public service business case can be
added:
(iv)

Scattered groups of population beyond easy reach of a main road.
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Existing Data
Coverage
Network Issues

Existing and potential
low Income User
Issues

Business case with
TVWS incentives

Urban/Peri-Urban

Town/On a main road

• Network congestion
• Blind spots
• Stability of
connection
• Theft and vandalism
at the BTS
• Mix of diesel and grid
electricity
• Blind spots with
hilly/mountainous
terrain (eg Cape Town,
Kampala)
• Low MB use is
expensive
• High speed not
affordable, limits uses
to email & browsing
• Access to home
entertainment not yet
an option
• Households in periurban/ Informal
settlements
• Students and
schools in peri-Urban/
Informal
• Public access points
in peri-urban/informal
settlements

• 2G/3G
• Blind spots and
uncovered areas
• Poor quality
connections
• Low speeds
• Mainly diesel but
some grid (varies by
country)

Off a main
road/remote
• Near non-existent
coverage
• Cost of connectivity
for remote sites
(satellite)
• Expensive to access
and service
• Mainly solar power

• Low MB use is very
expensive
• Distance to travel to
get better connection
• Speeds limit uses

• Low levels of access
to devices
(smartphones)
• Distance to travel to
get a connection
• Very low levels of
disposable income

• Better off farmers
• Isolated
professionals
• SMEs
• Community and
development
organisations
• Students
• Schools
• Public access points

• Same users as in
previous column
• Mix of areas with a
business case and
areas likely to require
some form of subsidy
• Public access points

Two case studies follow which illustrate how a commercial strategy might be
constructed from these business use cases and a third set of case studies looks at
how different government, community and development organisations might
deliver in those areas where there is not a commercial use case.
1.3.1 Mawingu (Kenya)
Kenya’s Mawingu Networks was launched in 2013 using TV White Spaces spectrum
as part of Microsoft’s 4Afrika TV White Spaces initiative. It operated on a twelvemonth trial basis and the trial was renewed by the Kenyan regulator - the
Communications Authority - for a further 12 months before being withdrawn at the
end of that period. It continued to operate using unlicensed spectrum and was able
to start re-using TVWS for point-to-multi-point (in co-operation with government
broadcaster KBC) when the regulator authorized operators to work with
broadcasters to access TVWS spectrum.

Balancing Act

23

It was set up to target areas in Kenya without either electricity or data access.
Mawingu’s business model is fairly straightforward. It sets up solar-powered hotspots in places without grid power.
These hot-spots are sales points with what it calls Merchants who help the
customers access the Internet on their phone and sell them Internet time. The
company wants to give the Merchants a reasonable slice of the income generated
and in future make them responsible for selling a range of services that may include
Internet of Things products. The aim is to provide these resellers with sufficient
income to a) give them paid employment; and b) their reliance on this income will
make them responsible for both selling and making sure the network is maintained.
The service is targeted at individual customers and SMEs. For the individual
customers there are four different data bundles accessed through hot-spots: Chwani
300 MB for KS50 (US47 cents); Pepea 500MB for KS100 (US97 cents); Thamani 2GB
for KS300 (US$2.85) and Akiba 8G KS1000 (US$9.49) . All bundles are valid for 90
days from purchase date rather than the more usual 30 days found in the market.
Mawingu currently covers four counties in Kenya, 200 kms away from the capital
Nairobi: Embu, Laikipia, Meru and Nyeri. In 36 months time it wants to be offering
near national coverage for its targeted customers. It currently has 500 hot-spots, up
from 300 a year ago and plans to roll-out 40-50,000 over the next three years. It is
looking at areas where there is little or no 3G or 4G coverage and focuses on places
where people meet and trade: typically, a few Dukas (small shops) and a stopping
point for matatus (buses). It has just over 10,000 active individual customers and
over 400 SME customers.
It needs as few as 20 active customers to enable it to roll-out an access point for a
public hot-spot. However, it often persuades its SME customers to put in another
SSID that allows public Wi-Fi access alongside their business connection, which
after some initial skepticism, they find useful for visitor access and it can also be
used by passers-by.
Mawingu has attracted investment from the following people and companies: Jim
Forster (its initial angel investor); Vulcan Inc; Microsoft and OPIC. Its other partners
include Strathclyde University, 6 Harmonics; and Adaptrum.
So how are its users accessing the Internet and what are they doing with it? A study
entitled The early social and economic impact of Mawingu in certain locations in
Laikipia by ECS Partners focused on users in Matanya with before and after data
based on 300 households and both quantitative and qualitative data. Matanya sublocation covers an area of just over 121 sq km and the 2009 census reported a
population of 14,848 people in 4,095 households, with an average of 3.6 individuals
per household. Matanya is located around 10 kilometres from Nanyuki, one of the
two major urban centres of the county of Laikipia.
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However, Matanya centre is an important trading post in its own right, with 30-40
small businesses and a large Sunday market serving the farmers and the general
populations of the surrounding area. Only 32% of Matanya’s inhabitants have
secondary education or above.
Over the survey assessment period smartphone ownership has risen from 11% to
15%. However, the cost of data bundles is still seen by many as a barrier to buying a
smartphone. Use of the Internet by individuals (over the last three months) was
14% and 5% of those sampled had used Mawingu’s service. The two most widely
mentioned positives by early Mawingu users were speed (60%) and value.
Uses by individual users in descending order were as follows: communication,
music, video, business9, pictures, downloading and education. A Church organizer in
a focus group spoke about using Facebook to communicate with his congregation. A
farmer described researching a strain of drought resistant maize on the Internet.
Many group participants spoken to during the research used the Internet to
research the price of more expensive things they were buying to check prices. A
large majority (88%) of the quantitative respondents believe that the Internet will
benefit them personally. All of the Matanya respondents believed that the Internet
would benefit their community.
In the focus group discussions, users spoke of how access to faster and more reliable
Internet assisted them in some tasks, such as the downloading of large files, that
would be slower and often unsuccessful on a weak and so often variable 3G signal. It
found numerous examples of how video was now being used for education, work
training, and general learning and teaching.
As the report notes:”The role of video may be especially important in Kenya where
literacy is not universal and is likely substantially lower in rural areas.” One focus
group participant pointed out the importance of video on the process of explaining
things to parents in their forties or fifties, “the showing of a video, it will be better,
because he’ll see the whole process but if you tell him to read it’s not good for him”
In its baseline analysis, in late 2014, it found that 85% of the cyber café users in
Matanya would travel into Nanyuki to use the cyber café. As the cyber café in
Matanya, relied on a weak 3G signal, it offered poor speeds and unreliable
connectivity. The journey into Matanya would cost 100 KSh and take 45 minutes
one-way in the dry seasons, rising to 200 KSh and 90 minutes on rain affected dirt
roads. In mid-2015, Mawingu provided a connection to the cyber cafe, replacing the
mobile dongles.
By late 2016, less than 6 months later, the patterns of usage around cyber cafes in
Matanya had changed dramatically. Instead of 85% traveling to Nanyuki, the same
figure were now using the much more easily accessible cyber café in Matanya.
9

Defined as something that helped them earn greater income.
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1.3.2 C3 (Malawi)
C3’s founder Richard Chisala was on the Board of the Malawian regulator MACRA
and was involved in one of the early TVWS pilots from the regulator side. When
Microsoft opened its Access Programme, he applied through his systems integrator
company C3 in 2015. The following year C3 was selected and offered US$0.5 million
to set up its network. It said at the time:” C3 is deploying a TV White Space network
for affordable Internet and telephone services in underserved rural areas, as well as
e-learning, e-government, and e-health solutions”. Internet penetration in Malawi is
currently around 5%.
Landlocked Malawi ranks among the world's most densely populated and least
developed countries. Around 85% of Malawi’s population is rural and 90% of export
revenues come from agriculture: products include tobacco, sugarcane, cotton, tea,
corn, potatoes, sorghum, cattle and goats10.
C3 has decided to build its own nationwide data network infrastructure, using
TVWS, WiFi and Mimosa B5C for backhaul connectivity. It wants to be able to
operate a great deal of its network off-grid. Local market conditions mean that it will
be cheaper to buy new towers rather than co-locating on existing ones.
Being a landlocked country, one of Malawi’s historic problems was the high cost of
international bandwidth, a factor that for a long time kept retail bandwidth prices
high. The country has now implemented a Virtual Landing Point that offers
international bandwidth wholesale at between US$100-175 per mbps. The network
will have three exit routes from the country via its neighbors (Mozambique,
Tanzania and Zambia) to provide maximum redundancy.
As with Mawingu, C3 will focus on individual users and SMEs and NGOs. But its
initial focus will be the latter and once it has enough of this category of customer, it
will start to roll-out to individual customers.
C3 is working with Nethope, an NGO which provides “cross-sector collaboration
between nonprofits and innovative companies to develop better programs, mitigate
risks, and scale benefits for greater impact in the communities in which we work”.
Malawi has around 800 NGOs and Nethope has been training them on how to deploy
TVWS. As an example of the type of need, there is a refugee camp at Dzaleka (50 kms
from Lilongwe) housing 29,000 inhabitants, displaced from Burundi, DRC and
Rwanda.
According to Chisala:”It will cover all districts of Malawi from north to south and be
the first nationwide data infrastructure.” It plans to roll-out 5,000 hot-spots across
the country.
10
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The TVWS spectrum available is 479-690 MHz and there are potentially 28 channels
that might be used. Malawi has completed the digital broadcasting migration
broadcasting process and switched off the analogue signals. As noted in the previous
case study, a database of spectrum users will be created with Nominet and two
equipment providers.
There are draft regulations covering TVWS and these are being circulated between
the relevant Ministries before being taken into the existing Communications Act and
gazetted. After this process has occurred, the regulator MACRA will issue a
commercial trial license. Under the converged licence framework in Malawi, C3 will
be able to offer voice services if it extends its licence to be able to offer them.
1.3.3 Non-Commercial Business Cases
For many places where there are very scattered low-income populations in rural
areas, it is currently almost impossible to envisage a commercial business case.
Getting access to these types of populations has proven to be one of the most
challenging parts of closing the digital divide. These populations are often beyond
the reach of Africa’s growing fibre networks.11
In these circumstances, the key challenges are not just about technology but also
about organizational capacity. Some organization or group of people has to care
enough about the data connection to ensure it stays on. The number of young people
enthusiastic to connect to the Internet (with or without payment) will be far less in
these areas where secondary education and income levels are at their lowest. A data
network serving scattered populations in remote areas must be maintained and
operated often in harsh conditions.
Population density is a key issue for this kind of non-commercial business case.
India has pioneered many different approaches to connecting scattered rural
populations but it has often been done where population densities are much higher
than in Africa. India’s National Sample Survey Organisation definers rural as those
places with up to 400 people per sq km. As the map below shows, there are many
areas of Africa below 10 people per sq km is the norm.

During 2015: 45.8% Of Sub-Saharan Africa’s was within reach of fibre networks. Once the fibre network which
is currently under construction enters service, the fibre reach of Sub-Saharan Africa will increase to 48.1% (458
million), and once the network which is planned or proposed enters service it will increase to 53.7% (511
million). Source: http://www.africabandwidthmaps.com/?p=5186
11
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Source: http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0031743

Although not described as such, a significant portion of the TVWS pilots programme
can be characterized as providing service in areas where there was little or no
commercial business case: many pilots were effectively universal service roll-outs.
Those involved knitted together partnerships of organisations and uses that enabled
the data connection to be useful and usable. Global examples in developing
countries include:
•

Health links: In Bhutan, a remote health facility in the village of Tang was
connected to Bumthang Hospital by a TVWS point to multipoint link. The link
allowed villagers to book hospital appointments and receive medical advice
without needing to go to the hospital. The link was delivered by Terabit and
Bhutan Telecom. The Philippines example below also connects remote village
health clinics as does Project Kgolagano in Botswana that has a specific focus
on providing access to specialized maternal medicine in small towns and
rural areas. Telemedicine experts and doctors providing medical expertise
for referred patients are being provided by BUP.
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•

Schools links: In the Philippines, a link was set up with schools in remote
villages with to bring internet access to small pockets of population who
currently have slow or non-existent Internet. The villages are all within 3-7
kms of The Department of Science and Technology’s Information and
Communication Technology Office, Department of Agriculture’s Bureau of
Fisheries and Aquatic Resources and USAID partnered to create links that
would fisher folk to register for licences, IDs and certificates and encourage
sustainable fishing policies and develop fishing employment. The Boane
Municipality project in Mozambique will also connect local schools and the
library of a regional university. Plan Ceibal in Uruguay used it to connect five
remote schools.

•

Local Government links: The Citizen Connect pilot in Namibia covers three
regional councils - Oshana, Ohangwena, and Omusati - and connects 28
schools in northern Namibia. The partners are MyDigitalBridge Foundation
in partnership with Microsoft and Adaptrum, with support from the
Millennium Challenge Corporation (MCC) and Millennium Challenge Account
(MCA).

Finally, TVWS can be used in circumstances where disasters cut off communities
from voice and data network connections. In the aftermath of Typhoon Haiyan in
the Philippines in 2013, the main existing communications networks were knocked
out by the typhoon. The Department of Science & Technology’s (DOST) ICT Office set
up a TVWS network that was backhauled with VSAT and switched on after a few
hours. It enabled voice and data communications for anyone with an Internetconnected device (phone, laptop or tablet) for later disaster relief efforts. The
Department claims that the network was set up at a tenth of the cost of alternative
viable solutions.
The advantage of having much lower licensing costs was identified as a key
advantage of TVWS by Dorothy Okello, WOUGNET in Uganda who are keen to run a
non-commercial pilot:”If you use TVWS you save significantly on licensing costs and
it would bring down our overall costs. This would be useful if we ran as a social
enterprise after the pilot.”12
The same point was echoed in a slightly different was by Sonia Jorge, Executive
Director of the Alliance for Affordable Internet:”It greatly reduces the cost of
broadband provision and allows new services targeted to rural and marginalized
users.” However, she believes that this impact needs to be documented and
researched to demonstrate both the costs and the impact.
TVWS pilots have undoubtedly energized efforts to reach people and places where
there is little or no commercial business case. The lessons from these pilots can be

12

Interview with the author.
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used to help develop a second generation of TVWS non-commercial business case
pilots.
1.3.4 Operator Perceptions of Business Case for TVWS
The success or otherwise of TVWS will not rely just on the clarity of its business
cases. Both new and existing operators will need to be convinced that it has a role to
play in the data access ecosystem and is not a “dead-end” technology like WiMAX.
This section providers operator perceptions of TVWS across a range from very
positive to more negative. The three operators range in size from the small (poa!
Internet) to the much larger (Liquid Telecom, Safaricom).
The main reservations that the operators spoken to about TVWS expressed were
about regulatory uncertainty and whether changes to regulation would threaten an
existing licence. None of those spoken to expressed misgivings about the technology
itself.
Ben Roberts, CTO, Liquid Telecom described TVWS as “a great enabler in rural
environments”. He thought TVWS contributed to creating better market business
models:”We support Mawingu on the backhaul side and we need entrepreneurial
ISPs focusing on certain areas…I’d like to see entrepreneurs building ISP networks.
We see a future in that model as it’s not sustainable for everyone to be a customer of
Safaricom. If you rely on mobile operators, it’s not going to happen left to
centralized telcos. There has to be competition. (For low income populations)
there’s going to be rural operators and urban operators like poa! Internet.”
Like many operators, he highlighted the issue of the cost of spectrum and wondered
how anyone paying tens of millions of dollars for spectrum would be able to make a
business out of it in the kinds of areas that are either currently poorly or completely
uncovered:”Everybody’s building (access) infrastructure in the same place” and it’s
not in rural areas.
Both Ben Roberts and Andy Halsall, co-founder poa! Internet believe that the TVWS
equipment has to come down in price. As Halsall said:”Wi-Fi technology is 25 years
old and very cheap. TV White spaces equipment is in the (upper hundreds of
dollars) but needs to come down to a few hundred dollars.”
Halsall also pointed to the regulatory uncertainties. At present, Kenya offers
operators what are described as commercial trials where an operator reaches an
agreement with a licensed broadcaster who owns spectrum. But it is currently
unclear what will happen to TVWS spectrum use beyond the commercial trials
period. Halsall sees this kind of uncertainty holding back investment in
TVWS:”There need to be clearly stated policies to take it to market.”
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“We might have a crack at it as a learning experience but we’re not going to spend a
lot of money on it. The regulator has to say that (TVWS spectrum) is a national
resource and turn it into public spectrum with light licensing and only an
administrative charge (for the licence)…If its quasi-public spectrum, someone has to
set the mandate…The current unlicensed bands are highly congested.”
The main concerns for the mobile operators are about protecting the spectrum they
have already bought. According to Thibaud Rerolle, CTO, Safaricom:” We are a
licensed operator and we invest a significant amount of money in spectrum (for
wireless, transport and VSAT). We’re also looking at the Wi-Fi space and we recently
acquired more spectrum - through a process – for 800 MHz”.
“All spectrum comes at a fee. We pay the fee and can provide the QoS as part of the
service that we’re known for. We try to make best use of spectrum. We’re also using
other types of spectrum and have more need for spectrum. We use the unlicensed
bands for free… When you render a service, you need to be held accountable and
that relies on good practices. If good quality services are available, we need
somehow to have them licensed”.
“We need to continue to develop the infrastructure and this comes at a cost. Who
pays for that cost? We pay to operate – licence fees, taxes and dividends to the
Government - and in exchange we create better infrastructure for the country. This
is critical infrastructure and it needs to be part of the ecosystem. We are the largest
taxpayer in this country. With the lack of other industries (who might pay taxes on
this scale) we need to foster a system that can enable these developments”.
The arguments about TVWS are not really about technology:”The important thing is
that the technology (of whatever kind) is evolving and that the technology makes
best use of any spectrum”.
Safaricom already has 94% coverage by population for voice and has as a corporate
objective 100% coverage:” We have 100% population coverage in our SDGs. We’re
not really looking at the business (case) for this but as a CSR activity. Most places
really need the standard GSM coverage. But there will be places where other types
of spectrum are needed”.
“We’re looking at remote area technology that is low cost, low energy and green
powered. If there is low coverage in terms of capacity, we’d aim to build a
progressive business case”. The technologies under consideration include Google’s
Loon project and extended GSM.
He stressed that the data service provided to rural customers should –through a
process of building a progressive business case – be the same as elsewhere in the
country:” My argument is that when you go to places that are not yet reached is that
they will expect the same level of service as anyone elsewhere. They shouldn’t have
to say ‘Oh, I can’t download Whats App’. The needs of the customer are not that
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different to customers elsewhere. We need to create value in rural areas and then
adaptability becomes much easier”.
1.4 Regulating for a changing future
Regulators globally need to look at TV White Spaces and dynamic spectrum as part
of the development of their policy and regulatory framework. There is now a
considerable body of regulatory work – both in developed and developing countries
– that provides useful templates covering all of the major issues.
Globally future regulation needs to incorporate TV White Spaces and dynamic
spectrum approaches for three reasons:
1.4.1 The work carried out on TV White Spaces lays the foundation for a wider use
of shared spectrum. Whilst there may no overall spectrum crunch, many
countries may experience spectrum “pinch points” which may limit the
availability of increased broadband capacity. Spectrum sharing is one way of
addressing this issue.
1.4.2 Dynamic spectrum offers a way of getting wider access to spectrum through
sharing in an environment of greater spectrum demands, incumbents
operating in virtually all sought after bands, and the likelihood of spectrum
clearing being low. Dynamic spectrum can also create ways of meeting Wi-Fi
spectrum demands in the mid-band area.
1.4.3 For rural, remote and under-served areas, TVWS spaces technology
combined with some form of unlicensed or low cost license access offers the
kind of incentives that will allow existing operators and new entrants to
create business models for areas that are currently on the edge of existing
addressable markets. These same incentives will allow more financially
efficient access for areas without a commercial business case.
Alongside these approaches, regulators – particularly from developing countries –
need to rethink the approach required for the payment and use of spectrum.
Developing countries have many potential Internet users but they have low
incomes. The more that is charged for spectrum – particularly access to spectrum in
rural areas – the harder it will be to create a business model that allows rural and
other low-income users to connect. TV White Spaces provides an answer to how this
issue can be addressed in a way that is not detrimental to existing primary spectrum
holders.
But developing country Governments and Regulators need to think very hard about
how they square the following policy circle. The more revenues they get from
spectrum, the harder it becomes for those who are paying for the spectrum to
provide low-cost internet services for those on low incomes. When mobile voice was
first introduced, internet access was seen as something of a luxury. But with the
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spread of mobile Internet and the benefits it brings, Governments and regulators
need to ensure that those benefits are available to all of their citizens.
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Appendix A: Background Documents, Videos and Links
Reports
2017 Affordability Report, Alliance for Affordable Internet:
http://a4ai.org/affordability-report/report/2017/
Analyst Angle: 3.5 GHz and 5G – learning from the TV white space debacle
http://www.rcrwireless.com/20160810/opinion/3-5-ghz-and-5g-learning-fromthe-tv-white-space-debacle-tag9
Baseline Measurement and Evaluation Report for the Mawingu Project in Laikipia,
Kenya, Richard Thanki/ECS Partners Ltd, July 2015
Centre for White Space Communications, University of Strathclyde:
http://www.wirelesswhitespace.org/
Comparing Costs of Deploying TV White Spaces (TVWS) and Long Term Evolution
(LTE) Networks, Umair Qayyum, Tech Mahindra for Microsoft, 9 May 2016
Connecting Africa Using the TV White Spaces: From Research to Real World
Deployments, Sidney Roberts, Paul Garnett, Ranveer Chandra, Microsoft
Corporation, IEEE Journal, 2015
Draft Regulations on the use of Television White Spaces for public consultation:
Government Gazette No.40772_Notice_283, ICASA, 10 April 2017:
https://www.icasa.org.za/LegislationRegulations/EngineeringTechnology/RadioFr
equencySpectrumManagement/NationalFrequencyPlan/tabid/655/ctl/ItemDetails
/mid/2506/ItemID/15025/Default.aspx
The early social and economic impact of Mawingu in certain locations in Laikipia,
ECS Partners Ltd for Microsoft, 2016
Google Spectrum Database: https://www.google.com/get/spectrumdatabase/
ICT Infrastructural development in the developing world, Jonathan Pinifolo
(Editor)Lambert, 5 Jan 2017
Implementing TV White Spaces, Ofcom – A statement, 12 February 2015
Position Paper on Dynamic and Opportunistic Spectrum Management Government
Gazette No. 40772 Notice 282 of 2017, ICASA, 10 April 2017:
https://www.icasa.org.za/LegislationRegulations/EngineeringTechnology/RadioFr
equencySpectrumManagement/NationalFrequencyPlan/tabid/655/ctl/ItemDetails
/mid/2506/ItemID/15024/Default.aspx
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A proposed architecture to connect Tanzania’s universities to broadband internet
services, Richard Thanki, February 2015
TV white space reusing old spectrum in innovative ways - Networkshop44
http://www.slideshare.net/JISC/tv-white-space-reusing-old-spectrum-ininnovative-ways-networkshop44
Steve Song, Many Possibilities: https://manypossibilities.net/category/tv-whitespaces/
TV white space: The 'most powerful development tool?':
https://www.devex.com/news/tv-white-space-the-most-powerful-developmenttool-88868
TV white spaces: approach to coexistence, Ofcom, 4 September 2013:
https://www.ofcom.org.uk/consultations-and-statements/category-1/white-spacecoexistence
TV White Space Devices Standards and Requirements, Government of Canada, 5
February 2015: http://news.gc.ca/web/article-en.do?nid=928599
Worldwide Commercial Deployments and Trials, Dynamic Spectrum Alliance,
January 2016: http://dynamicspectrumalliance.org/wpcontent/uploads/2016/01/Pilots-and-Trials-Brochure_Jan-16.pdf
Videos
Paul Mitchell explains Microsoft's TV White Spaces pilots and why it thinks TVWS is
important
https://www.youtube.com/watch?v=xg28a6dnPGQ
Kai Wulff on Google's TV White Spaces pilots and why they are important for
developing countries
https://www.youtube.com/watch?v=6QrcvCX0VDE
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