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EXECUTIVE SUMMARY

Under the United States Agency for International Development (USAID) Digital Frontiers Project, DAI
Global has subcontracted Integra Government Services International LLC (“Integra”) in partnership with
Atlantic-TM Cameroon to implement the Digital Connectivity and Cybersecurity Partnership’s
Promoting American Approaches to Information and Communications Technology (ICT) Policy and
Regulation (ProlCT) Activity and provide consultancy services towards strengthening the core
capabilities of the Liberia Telecommunications Authority (LTA) (“ProlCT Liberia”). Under this Activity,
one of the six workstreams of strengthening is the introduction of TV White Spaces (TVWS) regulations
in Liberia.

This TVWS Report presents the benefits of TVWS and provides recommendations to the LTA for
enabling its use. It comprises:

l.
2.

An overview of the TVWS report and purpose.

An introduction to TVWS and its importance to the Government of Liberia (Gol): In addition
to enhancing the implementation of the Liberia ICT Policy (2019-2024). TVWS signals can easily
cover larger distances, penetrates obstructions such as brick walls, and provide greater cost
efficiencies relative to Wi-Fi or mesh-based technologies. TVWS applications are also highly
relevant to the Liberian context, including its ability to bridge the digital divide by delivering
broadband to rural or hard to serve areas, its ability to provide last mile access, enhance Wi-Fi
usage, and enable improved public service delivery (e.g., healthcare, education, and safety),
among other uses.

The benefits of enabling shared license-exempt TVWS access in Liberia: There are typically
three approaches to consider to enable TVWS sharing: a licensed approach, a light licensing
approach, or a license exempt approach. It is recommended in this report that not only should
shared access to TVWS be enabled in Liberia, but particularly using a license exempt model. As
opposed to licensing TVWS spectrum through the regulator (LTA), which would grant rights
subject to certain obligations or fees, or using a light-licensed model in which the LTA would
record the use of spectrum but not manage it, a license-exempt approach would reduce the
administrative burden placed on users and the LTA, while also fostering innovation to deliver
more services to citizens and help spur economic growth.

TVWS regulatory examples across Africa and select countries across the globe: In particular, the
Gol can learn from the examples set by Kenya, Columbia, and other African countries as
detailed in Section 4 of this report.

Key recommendations to enable TVWS in Liberia: Drawing from the regulatory examples
included in Section 4 on TVWS frameworks in other countries, this report provides eight
specific recommendations regarding the implementation of spectrum sharing in the broadcast
bands for Liberia:

* Recommendation I: Enable access to vacant television spectrum in Liberia;

* Recommendation 2: Allow access on a license-exempt basis to spur innovation and
investment in new technology and applications;

* Recommendation 3: Start with manual TVWS allocation by the LTA and for the proposed
TVWS pilot;
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* Recommendation 4: Protect primary licensed services by relying on geolocation databases
as opposed to spectrum sensing;

* Recommendation 5: Establish classes of devices (i.e., fixed or mobile and master or client)
based on transportability and geolocation capabilities;

* Recommendation 6: Use existing type approval procedures to certify devices for operation;

* Recommendation 7: Establish operating parameters that maximize spectrum availability
while protecting incumbent services; and

* Recommendation 8: Establish a Liberian pilot involving TVWS in partnership with the
Liberian Universal Access Fund.

Overall this report concludes that the LTA enable TVWS regulations in Liberia as soon as possible to
bring additional services to Liberian citizens in line with the Liberia ICT Policy. It also recommends
shared secondary and opportunistic use of the unused UHF broadcast spectrum in Liberia for mobile
broadband and other services through a license-exempt TVWS spectrum sharing framework. This is
not only because license-exempt networks carry the majority of the world’s data traffic today, but also
because of the sheer innovation potential that comes with license-exempt models.
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I. INTRODUCTION

Under the United States Agency for International Development (USAID) Digital Frontiers Project, DAI
Global subcontracted Integra Government Services International LLC (Integra) in partnership with
Atlantic-TM Cameroon to implement the Promoting American Approaches to Information and
Communications Technology (ICT) Policy and Regulation (ProlCT) Activity and provide consultancy
services towards strengthening the core capabilities of the Liberia Telecommunications Authority (LTA)
(ProlCT Liberia). The core purpose of the engagement is to strengthen the core capabilities of the LTA
with regulatory and technical expertise in areas the LTA has identified in consultation with USAID and
subsequent conversations with the technical team.

The following workstreams were identified for ProlCT Liberia and agreed to in the project work plan:

I. Modernizing regulations governing the deployment of fiber optic cables;

2. Developing regulatory standards for TV Whitespace (TVWS) and related rural access
technology;

3. Assisting LTA’s administration to optimize, implement, and develop and strategy for the Liberian
Universal Access Fund (UAF);

4. Providing advisory and technical assistance to the LTA to help strengthen its role in transitioning
the Liberian Internet eXchange Point (LIXP) to an independent and sustainable management
structure;

5. Strengthening the Network Type Approval regime at the LTA; and

6. Assisting the reorganization of Liberia’s FM Radio spectrum to allow for the highest and best use
of these critical radio frequencies.

This report specifically concerns the second workstream above—TVWS and related rural access
technology.

PURPOSE OF THIS LIBERIA TVWS REPORT
The primary drivers of this Liberia TVWS Report include:
I. Explaining TVWS and Dynamic Spectrum Access (DSA) including the clear benefits and
relevance for Liberia—and hence the LTA;

2. Providing a review of TVWS Activities (and their frameworks) across Africa (and less so the rest
of the globe) to help ignite and drive similar momentum in Liberia; and

3. Providing a draft set of TVWS regulatory recommendations for the LTA’s consideration for
stakeholder consultation, including a recommendation for a TVWS Pilot in partnership with the
USF/UAF.

This report also provides the basis for a comprehensive TVWS Regulatory Training of the relevant
Liberian stakeholders including the LTA.

TVWS REPORT STRUCTURE

The structure of this TVWS Report is as follows:
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* Section |: Introduction: Provides an introduction and outlines the purpose and of this report;

* Section 2: Explaining TVWS and DSA: Briefly describes the concepts of TVWS and DSA and why
the LTA should care about these two regulatory innovations;

* Section 3: Benefits of Enabling Shared and/or License-Exempt Access to TVWS in Liberia - Provides
an overview of the expected benefits of license-exempting or providing shared access to TWS in
Liberia, emphasizing its potential for fostering innovations and explaining why the ITU would not
object to Liberia and the LTA proceeding with such TVWS regulatory frameworks in Liberia;

* Section 4: TVWS Regulatory Examples across Africa and the Globe - Provides a review of TVWS
activities (and their regulatory frameworks) across Africa in particular, but also across selected
relevant countries across the globe, e.g. Colombia. It commences with the key roles for Regulators
and Governments in TVWS regulatory frameworks;

* Section 5: Draft TVWS Regulatory Recommendations for Liberia - Presents the overall simplified
Draft TVWS Regulatory recommendations for Liberia including a TVWS Regulatory Pilot Proposal
in partnership with the USF/UAF fund of Liberia; and

* Section 6 concludes this report.

This report draws much from the author’s work (Nwana, 2014) and from a key Google 2015 Report! to
which the author was a significant contributor? and was submitted to the African Telecommunications
Union (ATU).

I “AfriSWoG-3 Input Doc | — Enabling Use of Television White Spaces Study in Respect of DSA and TVWS Studies from
Google.” African Telecommunications Union. Accessed May 25, 2021. https://atu-uat.org/download/afriswog-3-input-doc- | -
enabling-use-of-television-white-spaces-study-in-respect-of-dsa-and-tvws-studies-from-google/.

2 At the time, the author of this report was the Founding Executive Director of the Dynamic Spectrum Alliance and worked
closely with Google on this 2015 report submitted to the ATU to promote TVWS across Africa. The Alliance is the premier
spectrum sharing (including TVWS sharing) advocacy organization in the world, of which Google was a founding member-.
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2. TVWS SHARING: A BRIEF INTRODUCTION

As a result of the way spectrum allocations for television broadcasting have typically been done on a
nationwide basis, many broadcast channels remain vacant in any given locality.

WHAT IS TELEVISION WHITE SPACE (TVWS)?

Nwana (2014, Chapters 4 and 6) explains TVWS as “Typically the way TV networks are designed and
built in Europe and Africa (mostly using UHF frequencies) will leave what is usually referred to as
geographically interleaved spectrum in most areas,” as articulated in Figure | below.

Figure |I. Explaining Geographically Interleaved Spectrum

Example: High power TV broadcasts using the
same frequency need to leave spaces between
their coverage areas to avoid interference.

These frequencies can be used in the
“white spaces” in between by lower-power
devices.

Source: Ofcom public documents on white spaces?

TV networks tend to use very high-power transmitters as compared to mobile networks, but even
more importantly, they tend to use the same frequency (i.e., UHF Channel 40 in ITU Region |, 622-630
MHz) in different geographical parts of the country (i.e. Regions A, B, and C). Using this same channel
leaves physical spaces between their coverage areas to avoid interference as shown. This means the
frequency (i.e., Channel 40) is geographically interleaved TVWS in between these main Regions A, B, and
C, and can be reused. Figure 2 shows how the frequency can be reused (see smaller ovals or circles),
particularly if lower power devices are employed, as they will not interfere with the main TV channels in
Regions A, B, and C.

TVWS, therefore comprises the unused channels within the television broadcast frequency range at a
given location, as shown in Figure I. The TVWS channels reside within the UHF spectrum in Africa—
from 470 MHz to 694 MHz (i.e., band IV channels 21 to 60), or more like 470 MHz to 694 MHz (or

3 Ofcom, February 14, 2020. https://www.ofcom.org.uk.
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channels 21 to 48) if 700 MHz is cleared across Africa for mobile broadband following the World Radio
Congress of 2015, as they should be.

The likelihood is that a significant number of UHF channels (each of 8 MHz bandwidth) on the African
continent are already “white space” across most countries’ national territories. The few channels that
are being used for analog TV today will (or should) be cleared out by 2023 and be replaced by probably
just a couple to three multiplexes using a UHF channel each to host between twenty and sixty digital
channels. This is because each 8 MHz UHF channel can support an entire multiplex of up to 20
television channels, requiring the use of only two to three UHF frequencies to provide up to sixty TV
channels. Some of these new digital TV channels may not even be in Band IV UHF (as some may go into
Band Ill) which means in some countries, most of the entire set of UHF channels from 470 MHz to 694
MHz may be mostly white space everywhere. Therefore, a key question is, if technologies like white
spaces technology are not employed for UHF in Africa between channels 21 to 48, then how and for
what purpose would they be used?

Drawing from the Google (2015) Report, Figure 3 below provides a stylized illustration of the situation
in many parts of Africa. The 700 MHz band has been allocated by the ITU in 2015 for mobile use
throughout many African countries including Liberia, however, are yet to clear broadcasters off this
700MHz band. The 800MHz band had long been allocated for mobile use by the ITU since 2008.

Figure 2. White Spaces in Broadcast Bands in Cape Town, South Africa, 2015

"white Space joonsedmoble  Digtal dividend
477 Mhz A\ 698 Mhz [~ A N [ A N
700 Mhz 800 Mhz
Primary licensed (TV), secondary unlicensed (broadband) Licensed mobile

Source: Google 2015

Figure 2 illustrates a possible scenario where there is ample spectrum available for white space
deployments, where the deep blue channels are being used for TV transmissions, but the light blue
channels are available white spaces at the locality or area of the country.

From around 2008 to date, numerous countries (including later in Africa) have adopted or are in the
process of adopting rules that enable devices to use these vacant (TVWS) channels on a ‘no-interference
no-protection’ basis.# Under such frameworks, devices using TVWS must not cause interference to
licensed TV broadcasters.

4 More than two dozen countries have adopted rules authorizing the use of TVWS. Section 4 covers some of these countries
and discusses the frameworks, experiences, and rules, as well as TV White Space Regulatory Examples in Africa and around the
Globe.
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Similarly, users of TVWS will neither receive nor demand any interference protection from either
licensed users or each other. Access is typically enabled in conjunction with automated reference to a
frequency database, which uses information regarding a device’s characteristics and location to
determine what channels are available for use by a given device. This ‘no-interference no-protection’
basis is at the core of most TVWS regulatory frameworks that have been adopted by many countries.

In summary, such TVWS rules and frameworks effectively enable TV broadcast frequencies to be shared
with mobile broadband users—thereby increasing the spectrum usage of these TV frequency bands.

DYNAMIC SPECTRUM ACCESS AND TVWS SIMPLIFIED ILLUSTRATION OF ITS WORKING

At its core, DSA is a new approach to spectrum utilization, of which TVWS regulatory frameworks are
just one exemplar. DSA techniques enable the “opportunistic” use of otherwise unused spectrum.
Opportunistic use enshrines the idea that radio technologies can (and should) identify and use different
frequencies within a closely defined band, based on what frequency is available for interference-free
operation at a given time and geographic locality.

Figure 3. White Spaces in Broadcast Bands

TVWS master device queries
A the database with its

Internet Available geolocation information.
channels e database replies with a list
h 1 THE DATABASE The datab [ hal
"""""""""""" of available channels based on
f lable ch Is based
v = defined protection criteria.
The master device shares the
mr available channels with client
.......... c 9 devices.
A . The client establishes

two-way communications.

& W A e

Source: The Dynamic Spectrum Alliance

This is a revolutionary idea in 100+ year-old spectrum management, which has resulted in large swathes
of unutilized spectrum in vast geographical areas most of the time for fear of interference of spectrum
services—thereby limiting bands to singular services, such as just broadcast TV, excluding other services.
DSA proves opportunistic sharing is not only technically viable (due to recent advances in technology),
but also potentially economical, both in terms of increased efficiency of spectrum regulation and in
terms of facilitating the delivery of affordable access services.
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For example, DSA techniques, when operating in UHF broadcast bands (as is being proposed in this
report for Liberia) would enable broadband services in the TVWS spectrum (otherwise reserved for
broadcast TV only) without interfering with existing broadcasts and other incumbent services.

Figure 3 depicts a simple DSA illustration for TVWS devices in the UHF TV bands. TVWS radios are
typically coordinated by a cloud-based TVWS spectrum database. The database calculates the availability
of unused TV channels at a given location. Frequencies are dynamically allocated in real time (hourly,
daily, weekly, etc.) based on the usage in a geographic area by incumbent users. The database informs
the device about the available TVWS channels and the maximum power level permitted at that location.
The device is then able to establish a two-way communication using the unused TV frequency.

For Liberia for example, the TVWS database maintained by the LTAS would maintain a list of all
protected TV stations and frequencies across the country so the devices would avoid causing
interference with TV broadcasts or wireless microphone signals, which also sometimes uses these TV
frequencies.

In summary, DSA is a term used to describe a set of radio technologies and regulations that allow
devices to opportunistically transmit on unused and available radio spectrum on a secondary basis
without interfering with transmissions from primary licensed users like broadcasters in their allocated
TV bands. TVWS was and has been the first globally harmonized opportunity to use DSA technologies
and regulations in unused TV band frequencies. More details on the workings of DSA are provided later
in the report where various rules and frameworks for several countries are described.

THE BENEFITS OF TVWS FOR LIBERIA

This report advocates that the LTA, MoPT, and the Government should consider enacting regulations
for TVWS and DSA in Liberia based on the benefits included but not limited to those listed below.

A 2015 USAID STUDY PREVIOUSLY RECOMMENDED TVWS TRIALS IN LIBERIA

In 2014, at the height of the Ebola Crisis, the author of this report, H Nwana (then Executive Director
of the Dynamic Spectrum Alliance), visited Monrovia to present and advocate for a TVWS network
design and deployment in Monrovia to support the fight against the Ebola Virus Disease (EVD). The
project never proceeded, in part because there were no enabling regulations for using TVWS in Liberia.
Later, in 2015 and in the immediate aftermath of the EVD crisis, USAID’s implementing partner
NetHope completed a detailed technical assessment of the then-operative Liberia Broadband
Plan/Activities, including its backbone and last mile detailsé. Our technical team’s USF Expert, Parvez
Iftikhar, was one of that study’s international experts. Rural pilots were one of the key
recommendations from that team of experts. They encouraged rural rollout through pilots—using

> The later recommendations expand on this, but all spectrum regulators who have adopted TVWS regulations start with the
regulator maintaining this up-to-date database.

6 “Liberia Broadband Technical Assessment (Components 2 & 3) Backbone & Last Mile Details (New June 4) & Interim Findings
(Updated June 4) NetHope Global Broadband and Innovations Alliance.” NetHope, Global Broadband and Innovations Program,
June 4, 2015. https://1e8q3ql 6vyc81g8I3h3md6q5f5e-wpengine.netdna-ssl.com/wp-content/uploads/2015/06/Liberia-Broadband-
Technical-Assessment-NetHope.pdf.
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mGSM/TVWS/other models, creating a pilot 30kms from the Backbone, requiring only investment in a
point-to-point backhaul, and targeting up to 10 towns in Ebola-ravaged areas’.

Unlike several other African countries where TVWS trials and regulations have materialized, there has
been no significant progress along these lines in Liberia. However, in 2020 the LTA revisited TVWS
with USAID, resulting in this workstream.

TVWS WOULD ENHANCE THE IMPLEMENTATION OF THE LIBERIA ICT POLICY (2019-2024)

The Liberia ICT Policy (2019-2024) has clear key objectives to which TVWS would be most relevant,
particularly Objectives |, 2, 4, 6, 7, and 9:

* Obijective |. Expand ICT infrastructure and establish a national fiber optic backbone to connect all
I5 county capitals and cross-border connectivity with reliable links;

* Obijective 2. Address last mile challenges to ensure universal access to voice services and
broadband, supported by the adoption of infrastructure sharing and dig-once policies and effective
use of the Universal Access Fund to meet the needs of underserved areas;

* Obijective 4. Ensure critical ICT infrastructure is well protected and effective response mechanisms
are in place to deal with cybersecurity issues and other physical disasters (e.g. epidemics);

* Obijective 6. Foster the development of efficient Government E-services and online applications for
supporting the growth of Liberia’s economy;

* Obijective 7. Establish a National Research and Education Network (NREN) for all tertiary and
secondary education institutions to provide access to high-speed internet and digital educational
services; and

* Obijective 9. Use ICT to drive the inclusion of women, marginalized and indigenous groups.

Most TVWS deployments tend to complement Wi-Fi ones too. This is because whilst TVWS would
typically provide the backhaul, the last mile would typically be Wi-Fi. Therefore, TVWS is a key emerging
low-cost rural broadband backhaul solution that could help provide wider-spread Wi-Fi last mile access in
rural (especially) and urban areas outside Monrovia, particularly as 4G/LTE is unlikely to be rolled out in
these areas. Therefore, TVWS is a greenfield area for the LTA, MoPT, and the GoL. We support in this
report that the Liberia ICT Policy (2019-2024) could benefit from TVWS policies and regulations
enacted in Liberia.

TVWS WOULD ADD BROADBAND INTERNET OPTIONS, DRIVE MORE WI-FI USE, AND ENCOURAGE
COMPETITION AND INNOVATION

TVWS deployments across the world tend to complement traditional Wi-Fi. As broadband traffic
grows exponentially, TVWS devices would greatly expand the utility and help reduce the cost of license-
exempt devices for Government operations, promoting the use of more Wi-Fi in rural (and even urban)

7 Ibid.
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areas. The widespread use of license-exempt spectrum would provide great benefits to the Liberian
economy as in Western economies via Wi-Fi-powered personal computers, printers, videogame
consoles, streaming devices, security cameras, MP3 players, digital cameras, smartphones, tablets, etc.
TVWS-enabled backhaul coupled with Wi-Fi-enabled last mile access could add to Liberia’s current
Internet options of 3G, 4G, and (limited) fiber.

For context, Liberia’s civil war destroyed most of its limited fixed telecommunications infrastructure,
leaving the country to operate as an almost entirely wireless telecommunications market. It is therefore
dominated by two wireless mobile operators: Orange Liberia (OL) and Lonestar Cell-MTN (LC-MTN)

Figure 4. Mobile Broadband Penetration in Africa by Country (2018)
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Source: The UN Broadband Commission8 Moonshot Report.

Internet access is available primarily via the two main mobile operators, but also from the Liberia
Telecommunications Corporation (LibTelCo) and several Internet Service Providers (ISPs) including K3

8 “Connecting Africa through Broadband.” 2019. Broadband Commission for Sustainable Development.
https://www.broadbandcommission.org/Documents/working-groups/DigitalMoonshotforAfrica_Report.pdf.
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Telecom, Electro Shack, PowerNet, and NAS Global. Internet access costs and prices are high and
bandwidths/data rates are slow. Despite these several ISPs, a duopoly of the largest ISPs exists by a long
margin in the country, and the small ISPs are not yet competitive as the following market shares clearly
show.

As of June 2019, the telecoms market shares? between the two operators were as follows!0:

Overall: OL 66.3 percent, LC-MTN 33.7 percent
3G Market shares: OL 75.4 percent, LC-MTN 24.6 percent
4G: OL 100 percent

Therefore, the duopoly has little incentive to innovate and enhance and/or expand mobile  data
services, as they can continue to make greater margins from voice/SMS services. This in turn means the
supply of data services is massively lower than demand, leading to higher prices without the incentive to
provide higher quality services. This has led to Liberia trailing behind most African countries on
broadband penetration as shown in Figure 5.

Regarding fiber availability, although Liberia is served by the ACE Landing Station that provides much-
needed international submarine capacity, much investment in domestic fixed-line backbone
infrastructure is still required to make optimal use of the ACE cable landing.

Currently, LibTelCo is the main broadband Internet fixed retail player with an estimated 25km of fiber
infrastructure and circa 6,800 broadband customers representing a |.| percent household penetration.!!
Generally, the provision of mobile and fixed line services outside Greater Monrovia is poor, requiring
the support of infrastructure (e.g., mobile, fiber, FWA, etc.) from the Universal Service Fund (USF) or
direct government intervention.

Key Conclusion: Given the current structure of the Liberian wireless market dominated by 2G Voice,
3G/4G LTE internet mainly in Monrovia (at high prices) and minimum fiber, it is recommended that
TVWS-enabled Wi-Fi be added to the broadband Internet solutions mix in Liberia, particularly for rural
areas, but in urban areas too.

9 “PSA for LTA New Regulatory Order 0016-02-25-19 on Floor Prices.” 2019. Orange Liberia. September I, 2019.
https://www.orange.com.lr/en/psa-Ita-floor-prices-orange-liberia.html.

10] oda, A, and K Cameron. “Liberia Divestiture Assessment Final Report.” United States Agency for International
Development (USAID) INVEST Project.
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3. BENEFITS OF ENABLING SHARED TVWS ACCESS IN LIBERIA

This section provides an overview of the expected benefits of providing shared access and license-
exempting TVWS in Liberia, emphasizing its potential for fostering innovations and explaining that the
International Telecommunications Union (ITU) would not object to Liberia and the LTA proceeding
with such TVWS regulatory actions.

THE PHYSICS-BASED BENEFITS OF TV WHITE SPACES

The use of TV broadcast spectrum for mobile broadband has three main advantages deriving from sheer
physics (Roberts et al. 2015).

I. Greater distances: Lower frequencies propagate further than higher frequencies. TVWS
signals being typically in UHF bands in Africa (and sub-1GHz) can easily cover larger regions than
I800MHz and 2600MHz LTE by a factor of two to four respectively. While a typical Wi-Fi
signal at 2400MHz frequency can cover approximately 100 meters, a TVWS signal at the same
power level can easily travel 400 meters, and with higher powers can cover several kilometers.
The Roberts et al. (2015) report on Microsoft TVWS deployments'2 covering 14+ kilometers
distances at |0 Mbps user throughputs using conservative U.S./FCC mandated transmission
parameters. Such 10 Mbps throughputs exceed expectations outlined in the Liberia ICT Policy
(2019-2024). Given the rural nature of the Liberian population, TVWS would support wider-
scale broadband internet in Liberia.

2. Penetrates common obstructions: While Wi-Fi transmissions do not usually pass through
brick walls, TVWS radios, which operate at much lower frequencies, would easily penetrate
walls and obstructions. The Roberts et al. (2015) report on a Microsoft experiment showed
that in one of their buildings (222,000 sq. feet over four floors that has 150 Wi-Fi Access Points
to provide high-speed access), they were able to cover all parts of the building using just a single
TVWS base station operating at 20 dBm (100 MW) with a 2 dBi gain antenna'3. This suggests
the powerful potential of TVWS radios across Liberian university campuses, shopping centers,
hotels, and other multi-dwelling units. For example, in Ghana, Microsoft and SpectralLink
Wireless launched a commercial TVWS network at Koforidua Polytechnic with over 8,500
students in 20154

3. Greater efficiencies: Because the TVWS signals travel farther than Wi-Fi signals—and TVWS
base stations and devices are getting cheaper with volumes—a typical TVWS deployment would
cost less and consume less power than Wi-Fi or mesh-based topologies to cover sparsely
populated areas in Liberia and Africa. TVWS deployments are more economical than LTE
deployments in such sparsely populated scenarios in Africa.

TVWS APPLICATIONS TO DATE ARE RELEVANT TO THE LIBERIAN CONTEXT

Wireless broadband operators and other service providers across the globe who have used the TVWS
spectrum have covered applications very relevant to Liberia, including:

12 Microsoft has been undoubtedly the biggest advocate for TVWS over the past decade. They founded the Dynamic Spectrum
Alliance under the Chairmanship of Paul Garnett.

13 For the more technically inclined, the lowest received signal strength over a 6MHz channel was -79dBm.

14 “Microsoft, Facebook Launch TV White-Space Pilot in Ghana.” FierceWireless. Accessed May 25, 2021.
https://www fiercewireless.com/tech/microsoft-facebook-launch-tv-white-space-pilot-ghana.
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Bridging the Digital Divide by delivering broadband in rural or hard to serve areas:
Broadband Internet in Liberia today (in Q1/Q2 2021) hardly goes beyond the wider Monrovia
Metropolitan Area, the country’s capital. In many cases around the world, a combination of TVWS
devices and Wi-Fi has been shown to deliver broadband more economically to rural areas like in
Kenya and Colombia (see later in this report). Generally, mobile and fixed line services outside the
Greater Monrovia area are poor and will require more infrastructure (e.g., TVWS, mobile, fiber,
FWA, etc.) support from the USF or direct government intervention. Even in the U.S. (in the
Commonwealth of Virginia), TVWS is enabling and closing the rural broadband Internet “homework
gap” wherein rural students who have no access to the Internet and computers have been
connected through TVWS technologies and regulations!'s. Similarly in Kenya, Mawingu uses TVWS
technology and solar-powered base stations to deliver low-cost broadband connectivity in Kenya’s
rural Laikipia County, including its capital Nanyuki'é. In general, whitespaces would be used to
provide rural locations with broadband Internet services—typically achieved by building a network
of Access Points that use TVWS to link remote houses and villages to larger towns that are already
connected to the Internet. Figure 4 shows that Liberia is lagging behind most countries in Africa on
mobile broadband connectivity at |15 percent in 2018, suggesting any tools to further bridge the
digital divide should be encouraged and implemented, including TVWS spectrum sharing;

Last mile access to augment citywide or wide-area data networks: The last mile or last
kilometer typically refers to the final leg of a telecommunications network delivering services to
end-users. In the developed world like the U.S. or the U.K,, physical copper, fiber, or coaxial cable
lines connect houses to local exchanges and cable or fiber head-ends. In Liberia (and Africa), such
physical connections are not affordable or economical, particularly in rural areas. Furthermore, this
last mile/kilometer is also typically a speed bottleneck. Currently, 4G LTE or 3G provide the typical
last mile/kilometer connectivity in Liberia. The cost per user of last-mile networks varies based on
the density of the population in the locality where the network is built. In areas of low-density
localities, where the distance between households is larger, the last mile infrastructure would be
shared among fewer users, raising their costs significantly. In short, the network deployment costs
in the last mile are inversely proportional to population density. Because Liberia is very rural,
TVWS and Wi-Fi would provide an obvious alternative last mile solution in Liberia, particularly
outside