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Abstract. A quantitative assessment of TV White Space in Tanzania was
conducted to assess the level of spectrum utilization as well as a key milestone
towards the use of white space for affordable broadband communication. Two
approaches have been used; pollution and protection viewpoints and experi-
mental spectrum measurements based on energy detection principle. The study
focused on 470-694 MHz UHF spectrum band which is used for digital ter-
restrial television in Tanzania. It was found that, more than 120 MHz is avail-
able as white space in various locations in Tanzania when pollution and
protection view point was used and about 184 MHz are available as white space
in Dodoma urban using experimental spectrum measurements and almost 100%
of the available frequencies are not used in Dodoma rural. Both approaches
revealed that there is low spectrum utilization and therefore presents a best case
towards development of dynamic spectrum access technologies in Tanzania.
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1 Introduction

Tanzania has experienced an exponential increase in the number of voice telephone and
Internet users in the last few years. According to Tanzania Communications Regulatory
Authority (TCRA) statistics, the number of voice telephone subscribers has increased
from 6.3 million users in March, 2007 to 39.9 million users in March, 2017 [1, 2].
Furthermore, the estimated number of Internet users has increased from 5.3 to 19.9
million users in 2011 to 2016 respectively [2]. From 2016 Internet users statistics
above, the distribution of Internet users according to technology type is 90.7%, 6.1%
and 3.2% for mobile wireless, fixed wireless and fixed wired respectively. The increase
of both voice telephone and Internet users in Tanzania has resulted to more demand of
spectrum resources to meet the current and future needs.

There is growing recognition across the globe that dynamic spectrum access,
especially on the Television White Spaces (TVWS) has significant potential to address
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challenges associated with the raising importance of radio spectrum and can optimize
spectrum utilization. In this paper, an investigation was conducted to quantify the
availability of TVWS in 470-694 MHz Ultra High Frequency (UHF) spectrum band in
Tanzania. The overarching objectives of this paper is three-fold; firstly, is to guide a
range of stakeholders so as to increase the use of the currently underutilized TV UHF
spectrum band; secondly, to attract more Research and Development (R&D) invest-
ments on dynamic spectrum access using TVWS and thirdly, necessitate the discussion
to establish a sound technical and legal framework to embrace the dynamic spectrum
access paradigm towards affordable broadband communication in Tanzania.

2 Related Work

An estimation of TV White Space has been regarded as a critical step for the efficient
and effective spectrum management scheme. TVWS estimation informs various
stakeholders including regulators, researchers, industrial, scientific and medical com-
munities on the current spectrum usage and possible values that can be harvested from
using the licensed but under-utilized TV UHF radio spectrum band. The spectrum
scarcity experienced by many regulatory authorities can be seen as an artificial problem
due to lack of effective technical solutions that make use of the available spectrum band
at all times and in all locations. In order to understand how UHF spectrum band is
utilized in various locations around the globe, many studies have been carried out and
revealed that there is low spectrum utilization especially in TV UHF spectrum band
—55.5% to 55.8% in United States [3], 66.58% in Spain [4], 43.06% for urban and only
11.42% for rural in Romania [5], 7.14% in Philippines [6], 13.46% at University of
Hull in United Kingdom [7], 56% in Europe [8], 32% in a study conducted in Italy,
Spain and Romania [9], 20% in South Africa [10] and approximately 150 MHz and
112 MHz is available as white space in United Kingdom [11] and India [12] respec-
tively. In the literature, it is clearly shown that spectrum utilization differ from one
country to another and this is due to the fact that every country is an autonomous
regarding local frequency allocation and is also bound by local regulatory bodies [13].
It is therefore important for country specific studies to be conducted to be able to
understand local spectrum utilization in various countries around the globe. This is also
important when working for technical and legal framework aimed to favor the use of
TVWS for broadband communication in a specific self-governing country. It has also
observed that spectrum utilization is high in urban area as compared to rural area [5,
14] and hence making rural area the best case to efficiently utilized the unused spectrum
band to bridge the digital divide.

3 Methodology

In order to answer the question on “how much white space is there in Tanzania”, this
paper uses two methods. Firstly, a computational tool based on Mat lab simulation to
generate a color-coded map of the United Republic of Tanzania showing how many
MHz of white-space is available as shown in Figs. 3 and 4. The tool used the pollution
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and protection viewpoint that was introduced by [15] to establish the pollution and
protection regions and Hata empirical formula [16] was used for propagation loss
calculation of the TV UHF transmitters. Among other reasons of choosing this prop-
agation model is due to the fact that it was derived from extensive measurement of data
over various situations of irregular terrain and environmental clutter to some extent
meeting local environment. Secondly, an experimental spectrum measurement was
conducted in Dodoma Region using inexpensive handheld spectrum analyzer [17] to
find out how TV UHF spectrum band is utilized in rural and urban areas in Dodoma
Region. The measurement was based on energy detection principle where a threshold
value was used to determine whether a certain frequency is occupied or not. Further-
more, a Monitoring Software R&S ARGUS [18] was used to validate results obtained
from pollution and protection view points as well as that from inexpensive handheld
spectrum analyzer. In the literature, two approaches are the commonly used to estimate
the white space in a location; pollution and protection viewpoints base on TV trans-
mitters’ databases [12, 19, 20] and energy detection principle [10, 14, 21, 22].

3.1 Study Location

This study was designed to estimate TV White Space in Tanzania Mainland. According
to 2012 census [23], Tanzania Mainland has a population of 43.6 Million to which 21.2
million are males and 22.4 are female. In addition, Dodoma Region was selected for a
measurement campaign in order to assess spectrum utilization in both rural and urban
areas. Dodoma Region has a population of 2.08 million in its seven districts councils
[23] and is the capital city of Tanzania. The rationale of choosing Dodoma Region for
an experimental spectrum measurement is due to the fact that, it is among the fast
growing regions of Tanzania presenting high demand for affordable broadband ser-
vices. Furthermore, the College of Informatics and Virtual Education of the University
of Dodoma which is the host institution of this study received an authorization letter
from TCRA to conduct a research on dynamic spectrum access using TVWS in
Dodoma Region.

3.2 Pollution and Protection Viewpoints

In the literature, the pollution and protection viewpoints approach have been used to
estimate white space in United States [20] and India [12]. In pollution viewpoint per-
spective, the primary user is considered to raise the noise floor at secondary user location
and therefore each television tower should have a pollution radius around it in which the
secondary user is not allowed to transmit. Whereas, in protection viewpoint, a secondary
user is permitted to transmit in a location with the condition that, it is should not cause
any harmful interference to the primary receivers in its vicinity [12, 15]. In order to
quantify the availability of white space using pollution and protection viewpoints, the
researcher of this study received transmitters’ information from TCRA. This informa-
tion included position of the tower (latitude and longitude), transmission power of the
TV transmitters, frequency of operation and height of the antenna for all Digital
Terrestrial Television (DTT) transmitters in Tanzania. The study used a matlab tool to
process the given data in order to quantify the amount of TVWS in Tanzania.
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Currently, there are no TV white space regulations in Tanzania. The regulations of
FCC (US) are borrowed for the estimation of TV white space in Tanzania. Micro-
phones are ignored in the computation due to lack of available information.

3.3 Measurement Locations and Equipments

A spectrum measurements campaign was conducted in Dodoma Municipal Council,
Kondoa, Bahi and Chamwino District Councils to establish spectrum utilization in
these locations. Selected locations in Dodoma Municipal Council are categorized as
urban area whereas those from Kondoa, Bahi and Chamwino District Councils are rural
areas in nature. Figure 1 shows locations considered for measurement campaign in
Dodoma Region.

Equipments used for the experimental spectrum measurement consists: RF Explorer
WSUBI1G Spectrum Analyzer, Toshiba Laptop with Ubuntu Operating System (OS) and
Inverter connected to a car battery to power the devices and Nagoya NA-773 wideband
telescopic antenna with SMA male connector. RF Explorer spectrum analyzer has the
following specifications: Frequency band (240-960 MHz), Frequency span (112 kHz~
100 MHz), amplitude resolution (0.5 dBm), dynamic range (—115 dBm to 0 dBm),
absolute max input power (+5 dBm) and average noise level (—110 dBm).
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Fig. 1. Locations considered for measurement campaign (Source: Google maps)

For a successful static spectrum measurement, Rfestatic application was installed in
Ubuntu OS. To start data acquisitions, a bash script was launched to collect power
levels of UHF channels for DTT which ranges from channel 21 to 48 (470-694 MHz).
The collected data files were further analyzed to decide if a channel is occupied or not.
A threshold value of —85 dBm and 80% of the samples below this threshold value were
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used to consider a channel is occupied. In each location, duration of 15 min was
configured to collect reading of power levels of TV UHF transmitters in a given
location. In addition, spectrum utilization results generated from inexpensive RF
Explorer WSUB1G model was further validated using commercial R&S Argus Mon-
itor software, which is the standard software for spectrum monitoring and evaluation in
accordance with ITU recommendations [18].

4 Results and Major Observations

In this study, two approaches have been used to estimate white space in Tanzania. The
pollution and protection viewpoint was used to generate a color-coded map of Tanzania
Mainland showing the amount of spectrum available as white space in MHz as shown in

Figs. 2 and 3. This estimate is based on the transmitters’ information obtained from
TCRA.'
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Fig. 2. TV white space availability using pollution viewpoint y = 15 dB (Color figure online)

Figures 2 and 3 shows that in most places of Tanzania, an average of more than
120 MHz (more than 15 channels of 8 MHz) are available as white space. The color
cycles in the map represents various TV transmitters located in Tanzania generated
from computer simulation. This result was further validated using physical measure-
ment campaign based on commercial R&S Argus Monitor software in Dodoma Region
and it was found that about 184 MHz (23 channels of 8 MHz) is available as white
space in urban area. In Dodoma Region, the digital terrestrial television transmitters are
located in Imagi Hills with —6.213 and 35.753 coordinates of latitude and longitude
respectively.

! While TV transmitters’ information is publicly available in other countries including US, it is not so
in Tanzania. This information is only available upon request to Tanzania Communications
Regulatory Authority.
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Fig. 3. TV white space availability using protection viewpoint A = 1 dB (Color figure online)

The results of the data collected in Nyerere Sqaure (—6.178, 35.748) a location in
Dodoma Municipal Council was analyzed using a threshold value of —85, it was found
that about 23 channels (82.1%) are free and only 5 channels are occupied (17.9%).
Figure 4 shows a heat map graph with Received Signal Strength Indicator (RSSI) in
dBm was generated using inexpensive handheld spectrum analyzer at Nyerere Sqaure
in Dodoma Region. The color legend represents various power levels, whereby a
threshold value of —85 dBm was used to decide if a channel is occupied or not. A result
generated in Fig. 4 was validated using commercial R&S Argus Monitor software and
found only 40 MHz (5 channels) are available as occupied channels shown in Fig. 5.
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Fig. 4. Spectrum utilization graph for data collected at Nyerere Square (—6.178, 35.748),
Dodoma Municipal Council using handheld spectrum analyzer. (Color figure online)
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In order to validate results obtained from both computer simulation and measure-
ment campaign using inexpensive handheld spectrum analyzer, commercial R&S
Argus Monitor software was used to validate spectrum utilization results in Tanzania,
specifically in Nyerere Sqaure as shown in Fig. 5. It was found that only 5 channels
were found occupied and 23 channels are available as free channels in this location.
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Fig. 5. Spectrum utilization graph for data collected at Nyerere Square, Dodoma Municipal
Council from R&S Argus Monitoring Software.

Table 1 shows the results of free and occupied channels in Dodoma Municipal
Councils. It is clearly shown that in most of locations, 23 channels out of 28 channels
(82.1%) of the spectrum are unused in Dodoma Municipal Council. This is an indi-
cation that there is a high possibility of using the identified unused UHF spectrum for
other services such as broadband communication without affecting broadcasting
services.

Table 1. Free and occupied channels in various locations in Dodoma Municipal Council.

Location name Coordinates Free channels | Occupied channel
(Lat & Long)

Kikuyu Secondary —6.201, 35.729 | 23 5

The University of Dodoma —6.216, 35.789 | 23 5

Miyuji Secondary —6.132, 35.740 27 1

Nyerere Square —6.178, 35.748 | 23 5

College of Business Education | —6.177, 35.758 | 25 3

The study further revealed that almost all 28 channels (100%) of TV UHF spectrum
is unused in Kondoa District Council as shown in Table 2. Kondoa District Council is
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located about 140 km from Dodoma Municipal Council where all digital terrestrial
transmitters are located.

Table 2. Free and occupied channels in various locations in Kondoa District Council.

Location name Coordinates Free channels | Occupied channel
(Lat & Long)
Masange Secondary —4.606, 35.804 | 28 0
Busi Health Centre —4.850, 36.051 | 28 0
ULA Secondary School —4.900, 35.765 | 28 0
Kondoa Girls High School | —4.888, 35.769 | 28 0
Bustani Teacher’s College | —4.898, 35.789 | 28 0
Pahi Centre —4.716, 35917 | 28 0

Figure 6 heat map graph for spectrum utilization at Ibihwa Dispensary in Bahi
District Councils and Table 3 shows the number of free and occupied channels in
various locations in Chamwino District Council. The blue color indicates that all
channels have power level below —85 dBm. Similarly, the study revealed that almost
all 28 channels (100%) of TV UHF spectrum band are unused in these locations. Bahi
and Chamwino District Councils are located about 60 km and 40 km from Dodoma
Municipal Council respectively.
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Fig. 6. Spectrum utilization graph for data collected at Ibihwa Dispensary (—6.005, 35.432),
Bahi District Council using handheld spectrum analyzer. (Color figure online)
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Table 3. Free and occupied channels in various locations in Chamwino District Council.

Location name Coordinates Free channels | Occupied channel
(Lat & Long)
Dabalo Secondary —4.606, 35.804 | 28 0
Itiso Secondary —4.850, 36.051 | 28 0
Chilonwa Secondary —4.900, 35.765 | 28 0
Fufu Secondary —4.888, 35.769 | 28 0
Makwawa Secondary —4.898, 35.789 | 28 0
Mvumi Mission Secondary | —4.716, 35.917 | 28 0

5 Conclusion and Recommendation

In this paper, a quantitative assessment of TV White Space in Tanzania was conducted.
In Tanzania, digital terrestrial television is allocated to use spectrum band in the range
of 470-694 MHz with about 28 channels of 8 MHz. When the pollution and protection
view point approach was used, it was found that more than 120 MHz of TV UHF
spectrum band is available as free channel in most of locations in Tanzania. In addition,
the study found that almost 82.1% of TV UHF spectrum is unused in most of urban
areas of Dodoma Region when energy detection principle was used. Experimental
measurements that were conducted in Kondoa, Bahi and Chamwino District Councils
also revealed that 100% of TV UHF spectrum band is not used in most of these
locations. This study is an important milestone towards development of dynamic
spectrum access technologies in Tanzania. The College of Informatics and Virtual
Education of the University of Dodoma has received an authorization letter from
TCRA to transmit in TV UHF spectrum band for dynamic spectrum access researches.
In future, a test bed network will be deployed in Dodoma Region to make use of the
identified white space for wireless broadband communication. The test bed network
will also be a critical step to help various stakeholders in the development of legal and
technical framework that favors the use of dynamic spectrum access in Tanzania. For
efficient spectrum utilization in Tanzania, a geo-location database is currently under
development at the University of Dodoma, the results of this work will further be
published for public access.
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