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Abstract 

In this bandwidth demanding era of the world, there is a growing need for cognitive radio 

technologies to utilize the under-utilized spectrum. The under-utilized spectral includes the 

one dedicated for terrestrial Television transmission. It includes the very high frequency 

and ultra-high frequency range. Utilizing this for secondary use solves the bandwidth 

shortage problem. But the incumbent system should not be interfered by the secondary 

device. This thesis mainly focuses on finding ways to avail the free channels for secondary 

use. It is tried to compare different propagation models in order to model the incumbent 

signal where it has great effect on the coverage and on the interference range in turn. ITU-

R P.1546-5 is found to be the best model in modeling the signals in a given frequency 

range. The interference is mitigated by placing the secondary device at a certain distance 

away from the incumbent coverage distance, known as keep out distance. For stable co-

existence of the two systems, the white space device must be kept at a minimum of this 

distance. In this thesis a very large contiguous band width, where more than 80% of free 

channels generate at least 440MHz, is found by considering secondary device placement 

at the primary transmitter, which is the worst-case scenario. For a specific point of 

secondary device location also, it is found that the keep out distance is significantly affected 

by antenna height than the frequency variation. Finally, it is found a throughput of 

55.81Mbps generated by using TV white space. The investigation results indicate that the 

use of this secondary system in Ethiopia has a great contribution in providing additional 

bandwidth to the current scarcity in bandwidth for broadband internet, without interfering 

the incumbent system. 

 

Key words: Digital Terrestrial TV, Geolocational Database, Pathloss Models, White 

Space Device 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background 

The current era of information and communications technology (ICT) is having a big 

contribution to the globe in making life easier than expected. Every sector including 

economy, culture, entertainment, business, health, security and others are inevitably 

becoming inapplicable without ICT. This concern demands very high increase in 

bandwidth to handle. The communication channel needs to add a resource for 

communication so as to give services with better quality. When the service provider is 

working to satisfy the need of the users, the technology is shifting from wired 

communication to wireless technology, where everyone is in need of using mobile devices 

for communication and broadband internet [1]. 

These days the globe is becoming like one village, even closer than this. One can 

communicate with anybody he needs who is located thousands of kilometers away. He can 

purchase goods or everything he needs sitting one’s home. The teacher can give lectures to 

his students with video conferencing. The current era of communication isn’t putting the 

communication limit only among the human beings. Human beings are made able to 

communicate with devices and devices are also able to communicate each other. Like 

human beings need language as a medium, these communications and interactions among 

the elements need resources. Since many things are being interconnected to communicate, 

this network needs huge bandwidth resource. This hugeness makes resources of 

communication very scarce, which in turn makes the resource very expensive [2]. 

The scarcity makes engineers and researchers to find another means of availing spectrum 

which are underutilization by the dedicated user. In addition to finding secondary use as a 

means, the reuse method is another means of availing spectrum in large amount. We can 

say that now a days the reuse method is being used in its full capacity. Different researches 

are made, also being used on ways how one spectrum can be used by users at a different 
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spatial or time locations. Channel reuse is made possible in cells separated by distances 

more than minimum reuse distance [3]. 

The spectrums which are underutilization can be used for secondary purpose with no effect 

on the incumbent system. There are parts of radio spectrum which are dedicated for one 

use but are underutilization. Using this underutilized spectrum without causing any effect 

on the incumbent user with cognitive radio technique is possible. The primary account must 

be unaffecting the incumbent system. The primary user should not sense any effect caused 

by the secondary system installed to utilize the spectrum only. 

In the recent few years, accessing the newly coming services wirelessly is becoming a 

major trend. This increase in need of capacity, availability and coverage has become a 

major trend in search of resources. Most of these requirements can be solved with 

availability of more bandwidths. 2.1 GHz, 2.6 GHz and 800 MHz bands are allocated for 

more spectrum availability for wireless broadband services [4]. Most of the operators use 

this mode of spectrum usage, where spectrum is used only for which it is reserved for. But 

there is a possibility of secondary use at which the spectrums under low utilization are used 

for uses other than incumbent use. These spectrums are mostly found in frequencies 

dedicated for TV and Radio Detection And Ranging (RADAR). The secondary use exploits 

unused spectrum in frequency, physical location or even time. Free spectra are found in 

hundreds of MHz’s [5]. 

If the frequency which was primarily dedicated for TV transmission and found free for 

secondary usage are known to be TV white space. However, the secondary usage is not as 

simple as it is found free. It is facilitated by the cognitive radio (CR) technology. The 

technology is able to sense the spectrum and manage the interference. The secondary usage 

possibility, initiatives and regulatory issues have to be managed by national regulatory 

body of the country. As an example, we can raise United Kingdom’s Ofcom company, 

which allows the use of TVWS in 2011. The TVWS used here is the band gaps which are 

found vacant in digital migration [4]. Also, then the Ofcom (internet service provider in 

United Kingdom) company approved the use of TVWS for M2M and broadband internet.  
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When the incumbent spectrum is accessed for secondary use, there must be good 

management in order not to interfere the primary users. The available frequencies for 

secondary use should exist and be identified first. After the free spectrum are identified, 

the secondary use should be managed in such a way to remove any interference. The 

interference management should also be among the secondary devices. The design of the 

system is a big challenge and also the equipment used for spectrum utilization should 

function in wide range of frequencies. The overall system should also be cost efficient in 

order to provide optional service [4]. 

Since popularity of the wireless networks and the increase in need of huge bandwidth to 

support this has created a large gap between bandwidth supply and demand causing the 

available frequency spectrum is running out. To optimize its use, new opportunistic 

spectrum allocation (OSA) techniques such as Dynamic Spectrum Access (DSA) and 

Cognitive Radio (CR), are being developed [6].  

Many operators use the method of exclusive usage of licensed spectrum. On the other hand, 

there is a possibility of secondary usage. This method uses a spectrum in which it has been 

allocated for other applications like Radar or Television. Frequency ranges several 

hundreds of MHz in these categories. Here frequency spectrums must be unused in 

frequency, time or physical location [4]. 

In today’s world, broadband internet for urban and densely populated areas is becoming 

deployed rapidly and they are almost under a connection, under new era. But for rural areas, 

where people living there are of lower income than urban people, the cost of lying down 

infrastructures and backhaul network is very high. This becomes difficult for vendors to 

provide a service there, because the people have little chance of paying back profitable 

amount of money for the service provider. This makes many of the vendors to compete on 

increasing quality of service for urban people, here Ethiopian case may be different since 

only one ISP is there. 

One solution for this is using wireless communication. Currently wireless communication 

is in rapid increase, leading to a need of huge amount of bandwidth for large volume of 
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traffic. Hence the spectrum is becoming scarce. To make wireless communication feasible, 

we shall find reliable amount of spectrum. Unfortunately, most of the wireless spectrum is 

licensed and dedicated for a particular communication. After many researches made in 

different countries, researchers have proposed sharing of under-utilized TV channels, 

which collectively form TV white space. 

1.2. Internet Coverage in Ethiopia 

It was 1894 when telecommunication first introduced to Ethiopia. It was known as 

Ethiopian Telecommunication Corporation. It is the oldest telecommunication operator in 

Africa. Starting from this year the government, which is the only telecommunication 

service provider in the country, tried to connect the capital to the administrative cities of 

the country [7]. But with regards to service penetration rate, it is the lowest of not only 

African but also Sub-Saharan African countries. Internet provision in Ethiopia has been 

very poor, largely due to the lack of a widespread fixed infrastructure. Ethio telecom, the 

only ISP provider in the country, is expanding the infrastructure in the country. This 

availing process is mostly done mainly for rural area connectivity. 

The statistical data indicates that Ethio Telecom has got 41.9 million mobile subscribers, 

of which 22.3 million subscribers are data and internet users. There are also 1.2 million 

fixed line subscribers. These subscribers are unable to use internet or data. The total 

subscribers to this ISP are known to reach 43.6 million this day [8]. With the services under 

mobile phones, it is providing different technologies including GSM, CDMA, WCDMA 

and LTE in the form of prepaid and post-paid billing system. Roaming is also made 

possible. Internet is provided in the form of Asymmetric Digital Subscriber Line (ADSL), 

mobile internet and Evolution Data Optimization (EVDO). The ADSL needs high 

bandwidth but since it is on the dedicated copper cable, there would be channel utilization. 

The mobile internet service on the other hand is provided in 2G and 3G, General Packet 

Radio Service (GPRS) and High-Speed Packet Access (HSPA) respectively with an 

ordinary cost of 0.2Birr per Mb [8]. 



5 

 

1.3. Terrestrial Television in Ethiopia 

Ethiopian Broadcasting Corporation is a major terrestrial television broadcaster in 

Ethiopia. It was formerly known as Ethiopian Radio and Television Agency. Currently, the 

corporation is broadcasting with three satellite transmissions, namely, Etv Zena, Etv 

Entertainment and Etv Language, of which the former is also transmitted via terrestrial TV 

broadcasting to reach every boarder of the country. In some parts of the country Oromia 

Broadcasting Network and Dire TV have terrestrial TV broadcast to cover selected areas. 

The frequency allotment for Terrestrial TV broadcast in Ethiopia, according to the 

frequency plan released in 2001 [9], relies on the VHF and UHF range. 

 

Figure 1.1. Ethiopian Spectrum Allocation [9] 

From Figure1.1. the spectrum in VHF from 174MHz-230MHz and in UHF range from 

470MHz-862MHz are dedicated for terrestrial TV broadcasting. This implies a very wide 

frequency range is being dedicated to one service, even though the service of terrestrial TV 

broadcasting system can be provided with some channels using frequency reuse principle 
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without intercell interference. The channel bandwidth of Ethiopia is 8MHz, since it is in 

region one. The digital switchover, which is a transformation from analogue to digital 

transmission, in Ethiopia isn’t yet completed [10]. After the digital switchover is complete, 

the frequency allocation in the range 470-790MHz will add another service. After the 

digital switchover, also the bandgaps used to prevent interference will be free and this is 

also a TV white space. The data collected from the Ethiopian Broadcast Authority indicates 

that there are 58 terrestrial TV transmitters all over the country, which are operating with 

one frequency channel. 

1.4. Motivation 

As it is explained in the introduction, only the demand of communication channel is 

increasing whereas the available amount is still fixed. This imbalance must be made 

minimum in order to guarantee the newly growing technological advancements. Engineers 

are finding ways which are best in doing this balance. One way suggested for use is TVWS. 

In many different countries it is becoming available. But there is little study and no 

application in Ethiopia. 

Since Ethiopia is developing country most of its people are still under poverty. More than 

half of the population can’t afford for broadband internet [2]. This results from low income, 

in some cases it may be from the misconception that using mobile phone and internet is 

luxurious and illiteracy. This hindering factor though can be overcome by providing it with 

very low cost. So, TVWS is the promising technology to solve this problem. 

We were always in search to find a solution for my country. We have found some works 

made on this area but they are not complete. One is an MSc thesis done by Mesele [2] 

which lacks the amount of TVWS spectrum available and indication of ways how this free 

spectrum can be used for secondary services. In urban areas although better connection to 

the internet is available than rural areas, TVWS is needed to solve bandwidth shortage 

problem. Other papers mainly focus on one specific case and doesn’t have any analysis for 

Ethiopian case. This is another motivating factor. 
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Although many papers show there is enough amount of available channel which is free 

from TV broadcasting for secondary service, there is not any paper which gives how much 

available channel is there at specific location. There must be a database which includes full 

information about TVWS free bands and their location. Having this information benefits a 

vendor who wants to deploy WSDs. So, the other motivation is designing a database 

calculation engine which makes free channels available when requested. Propagation 

models used to model TV signals must also be supported under VHF and UHF frequency 

range and the model must be less variant in these spectral ranges. The other motivation 

relies on finding this model and using it in the calculation engine. 

With regards to geolocational database implementation techniques as stated in [5], using 

degradation of location probability methodology, there will be 18% free channels in UK, 

while there are 5 free channels per person when CNIR methodology is used. This motivates 

me to find for free channels using the third method called vectorized approach. After 

finding whether sufficient channels for secondary use are available or not, we were to 

decide ways to coexist the incumbent and TVWS system. We were also motivated to find 

how much throughput is available and this is compared with the existing broadband internet 

technologies available in Ethiopia. 

1.5. Statement of the Problem 

Most of Ethiopian people live in rural area doing low income activities. Almost all people 

living in this status has no access to broadband internet. This is due to high cost of fiber 

cable deployment by service providers. Is there a way to provide broadband internet for 

these communities with affordable cost? Satellite communication may be suggested to be 

a solution. It has a characteristic of large area coverage and can reach many places without 

signal obstruction. But, since it is installed with very high cost, users are needed to pay 

expensive service costs. Also, the bandwidth may not be sufficient to support many users 

from a single transmitter. Other problems rise from the increased need for bandwidth. 

Although cellular reuse technique is widely used bandwidth utilization system in radio 

communication technology, the need of bandwidth is much beyond this. The new 

technological advancements in IoT and M2M communication needs the message to travel 
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long distances without being blocked by walls of buildings and it should reach the indoor 

devices. This needs a signal of lower frequency range, in VHF or UHF range, since radio 

signals in these frequency ranges have the characteristics needed by devices used in IoT or 

M2M communication. These factors and their rapid increase in need makes me investigates 

TV white space for broadband internet in Ethiopia. 

1.6. Objectives 

1.6.1 General Objective 

The main objective of this thesis is investigating TV white space for broadband internet in 

Ethiopia. 

1.6.2 Specific Objectives  

Particularly this thesis aims to 

✓ Investigate current trends in TVWS technology and select best ways to be 

used for Ethiopia 

✓ Compare geolocational database implementation techniques and select one 

✓ Analyze the performance of propagation models for TV white space signal 

modeling 

✓ Estimate the available amount of TVWS in Ethiopia 

✓ Find ways to coexist the incumbent and secondary system 

✓ Analyze coexistence determining parameters to identify the most significant 

parameter 

✓ Compare the throughput of TVWS system with GPRS and HSPA 

1.7. Scope and Limitation 

1.7.1 Scope 

For analysis of investigation, this thesis takes Ethiopia as a case study. The investigation 

includes designing database calculation engine and calculating free channel capacity for 

secondary use, propagation model comparison and analyses for TV white space signal 

modeling to select the best fitting one, coexistence management and parameter 

identification to manage that must be considered most in designing a system, comparison 
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of through put of the TV white space system with other technologies and finally putting 

recommendations for any internet service provider who is interested in deploying the 

system by showing possibilities of deploying TV white space to provide internet. The 

designing and modeling consider real terrain data of Ethiopia and the real data collected 

from EBA. 

1.7.2 Limitations 

The limitation of this thesis may come from lack of tools checking by real deployment. It 

was impossible to test the signal property of the secondary system due to lack of measuring 

device. This limits the thesis to focus on mathematical formulation and theoretical analysis 

but incorporates real data. This work doesn’t cover cost analyses and the calculation engine 

is designed using one of the three implementation methodologies. Hence, it doesn’t show 

what will happen to the number of free channels when other implementation methodologies 

are used. With regards to propagation models, the comparison was made by incorporating 

the real terrain data but taking only loss variation of the models with frequency variation 

as a comparison parameter. 

1.8. Significance of the Thesis 

This thesis will provide good solution for limited bandwidth problem. It suggests best way 

to provide internet for internet scarce areas. Vendors who planned to provide internet 

through TV white space can find sufficient information to deploy the system in Ethiopia. 

They are provided with information on the capacity that can be extracted for secondary 

service, on how to make the secondary and incumbent system coexist and which parameter 

to focus on most during deployment, and how much throughput they can generate when 

TV white space is used. 

1.9. Beneficiaries 

Beneficiaries of this work will be: 

✓ Department of Electrical and Computer Engineering, Addis Ababa Science and 

Technology University, and Scientific community 

✓ Internet Service Providers (Ethio telecom in the current Ethiopian case) 
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✓ Any interested party on the academic area 

1.10. Contributions of the Thesis 

This thesis provides many contributions, where some of them are done to answer the 

following questions. 

✓ How much TV white space channel capacities are available for secondary use using 

a calculation engine designed for vectorized approach of database implementation 

technique? 

✓ Which propagation model best fits to model TV white space in its varying 

frequency from VHF to UHF? 

✓ What should be considered to make the incumbent and TV white space systems 

coexist? 

✓ What is the most significant factor in determining the coexistence? 

✓ How much spectral efficiency and throughput can be gained using TV white space? 

1.11. Organization of the Thesis 

The thesis is organized in five chapters where the first chapter is all about the introduction, 

objective, statement of the problem, scope, significance, beneficiaries and contributions of 

this thesis. In chapter two, related works and theoretical concepts which talks about 

theoretical concepts related to TV white space are covered. Chapter three is about system 

model and description. The results of the modeled system are given in chapter four and the 

discussions are also included here. The conclusions and recommendations are included in 

chapter five. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Review of Related Works 

Different researches are made on TVWS. These papers are based on different aspects of 

TVWS. Their difference may be within the countries where they are made. Since different 

countries have their own amount of TVWS channel, researches are not expected to be 

similar. Some of the main papers related to my work are explained below. 

S.E. Shumate in [5], tried to analyze the effects of different propagation models on the TV 

white space range of coverage by using ITU-R P.1546 model and Longley Rice model 

combined. He tried to find free channels using carrier to noise plus interference ratio 

(CNIR) threshold implementation methodology and he has found sufficiently appreciable 

values. In USA, five free channels out of the UHF band of 470–692 MHz for one person 

and for Europe 18% of the channels are found free in the UHF range of 474–786 MHz. 

In “Geolocation databases for white space devices in the UHF TV bands: Specification of 

maximum permitted emission levels”, [11], Karimi developed a calculation engine of the 

degradation of location probability implementation method for United Kingdom. He has 

investigated what should be the power limitation of the secondary device in order not to 

interfere the incumbent system. He suggested a test device to sense the signal level of the 

DTT receiver and design a database which is functional based on a very detailed calculation 

and finally stored in the database, which seems nonrealtime analysis. For an arbitrary 

location, based on the previously recorded operating incumbent channels, there will be a 

power level of transmission for the white space device to operate in every frequency. It is 

done based on this guiding principle. 

Manjurul H. Khan and P.C. Barman in [1] try to cover concepts on the technology, current 

standards in TVWS system and global scenario, cost benefit analysis and regulatory issues 

for TVWS use. It takes Bangladesh as a case study. They selected database system of 

cognitive radio system to be best of the three in terms of incumbent protection. They also 

tried to look countries of the world with regards to TVWS deployment status as completed 
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deployment, ongoing deployment and interested to deploy. They recommended Wi-Fi 

IEEE 802.11af as a best standard for rural connectivity. Different recommendations are 

also set for Bangladesh to guarantee the deployment of TV white space in better ways. 

To deploy TV white space for rural community they put master-slave and middle mile 

deployment techniques where in the former scenario the master is connected to the slave 

in the point to multi point connection type and the slave then can emulate Wi-Fi for the end 

user. The later scenario on the other hand provides a connection between base stations and 

repeaters in order to give a connection to the remote rural areas. They finally found that 

TVWS can connect seven times more people than other wireless technologies connect 

during downlink where this value is also not different than more than six times during 

uplink in rural areas. 

In [12] J. Kalliovaara et.al. have tried to support standardization body and to evaluate the 

network efficiency of TVWS in Finland. They developed standard and by participating 

different parties, they measured trial points after deployment of WSDs. They showed that 

the database was capable of providing free channels without affecting the primary system 

if it is developed by considering license rules. They validate the protection level with 

computer simulation and measured values. 

T. X. Brown et.al [13], in a paper “A survey of TV White Space Measurements”, they 

characterized the available TV white space spectrum in terms of total volume by using both 

spectrum sensors and database access methods. They are able to reveal that there is much 

amount of TVWS available for secondary use. They show that there is a great potential of 

TVWS to provide connection in rural areas and additional bandwidth for bandwidth scarce 

urban areas. Especially developing countries have abundant number of TVWS. 

L. Chiaraviglio, N. Blefari-Melazzi and et.al in “5G in rural and low-income areas: Is it 

feasible?” [14] deal with current state of the art and defined the main pillars to follow in 

order to deploy 5G network in rural zones as well as a proposal of future network 

architecture. Main pillars include converged solution, where the network and service 

should be managed in converged way following a trend that is currently emerging in 5G 
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architecture. Reusability of network components is another pillar where components are 

virtualized and their functions are shared and managed by central entity. Exploitation of 

commodity hardware, solar powered energy efficient devices and unmanned aerial vehicles 

and advanced radio techniques are also main pillars. This paper puts 5G network 

architecture for rural and low-income zones. 

S. Roberts et.al [15], in “Connecting Africa Using the TVWS: From Research to Real 

World Deployments”, tried to explain low connection problem in Africa which resulted 

from different factors. The authors also described the reason they have chosen TVWS for 

rural areas. They showed from their deployed trial networks that TVWS deployments are 

more economical than Long Term Evolution for rural areas in developing countries. 

Finally, they concluded that the TVWS are unique enablers for providing internet access in 

Africa. 

M. Mekonen in his thesis on “Feasibility Study of TV White Space for Broadband Internet 

Services in Rural Ethiopia” [2] proposed that TVWS is the best solution for broadband 

internet in rural Ethiopia. Different cognitive radio access techniques are discussed and 

geolocational database system is chosen to be the best of them. He also tried to select a 

propagation model which best fits for TV white space (although Ethiopian geography, 

climate and other factors are not considered) is suggested. But the selected propagation 

model is city propagation model, which contradicts his title which is about rural Ethiopia. 

Cost analysis is also done and TV white space is found best to fit for providing broadband 

internet for rural Ethiopia. But he was unable to consider the real cost of devices and 

deployment for Ethiopian case. He tried to use comparisons made for other countries. 

On his analysis, he didn’t put clear points on use of TVWS either for last mile use or back 

haul communication. He simply paraphrases previous works on the use of TVWS for last 

mile and back haul communication. He didn’t go for further analysis on which one is better 

or if there is a possibility to use them together. Additionally, he wrote that there is not digital 

map for Ethiopia which shows free channels and their respective location. But he doesn’t 

try to collect data from EBA and prepare database or digital map for Ethiopia. His work is 

not based on gaps. 
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As we can see from the above works, gaps are observed in different points. One is what 

should be the calculation and the how much free channels can be generated if vectorized 

approach of database implementation methodology is applied in Ethiopia? The other point 

is out of the provided propagation models supported by TV spectrum, which one is best to 

model based on less varying characteristic with frequency variation? What should be 

considered for the two systems co-existence and which one the most significant parameter? 

And also, they do not answer how much spectral efficiency and throughput can be gained 

from TVWS when real terrain data and other factors in signal representation are considered 

for Ethiopian case? Since it is done for Ethiopian case, [2] couldn’t address the above 

questions. So, my work is based on answering the above questions. 

2.2. TV White Space Overview 

2.2.1 What is TV White Space? 

Terrestrial television is being changed from analog to digital technology. This was begun 

in mid-1990’s [16]. This technological progress is known to be migration to digital world. 

Some parts of the world have done the migration whereas most countries in Africa do not 

still begin. Those which start also do not finish [3]. The hinderance to digital migration 

results from many reasons. One can be the need to change receivers from analog to digital. 

If transmitters are digitalized, the receivers should also be digital [16]. 

The migration to the digital terrestrial television (DTT) has many advantages. When analog 

TV is changed into digital, there are free bands which will be left vacant. These vacant 

bands come from guard bands to protect the interference in analog transmission. The 

migration will also result in channel reuse to be applicable like cellular reuse technology. 

Channel reuse technology enables to have more free frequency band with expense of 

interference and lower spectrum utilization than analog transmission. Interferences are 

cochannel and adjacent channel with DTT or ATT. 

The free spectrum will then be available for secondary use. Devices with low power 

transmitters can be used to utilize these free channels. These devices which are capable of 

operating in the frequency range of terrestrial TV and used for secondary use are called 

White Space Devices (WSD). TV spectrum which are primarily licensed for terrestrial TV 
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transmission but found to be free in a given time and space is called TV white space. These 

free spectrums can be used for unlicensed purpose with no interference with the primary 

user. It has been proved that secondary use is possible in many different countries and 

resulted in good output. These countries have developed regulation of secondary use [17]. 

Having additional spectrum to the existing very scarce resources is known to be very good 

news. Communication resources especially spectrum is a very scarce resource and 

expensive. The communication world is increasing with unpredictable rate which needs 

bandwidth for this communication. Many devices are being interconnected; everyone is 

becoming interconnected with internet as if it is one of the basic needs for human beings. 

This and many other unlisted communication activities which need bandwidth are 

becoming one of the major changes to this era of ICT. 

When the unused spectrum is in TV bands, we call it TV white space (TVWS). Since TV 

bands are licensed, we can’t simply use these bands. In order to exploit such bands, 

cognitive radio (CR) must be developed. CR has high sensing capability with interference 

management. Different countries are trying to handle this issue of using TVWS for 

unlicensed use and follow different regulatory rules [18]. 

TV White Space is part of the radio communication spectrum, which is vacant at a given 

time in a given geographical area on noninterfering basis with regard to primary and other 

services [19]. These vacant portions of spectrum became available as a key research topic 

and future technology and business development area. 

The UHF bands ranging from 470-806 MHz are used for terrestrial TV broadcasting 

worldwide [1]. For secondary use only these channels are not used. There will be some 

channels added from VHF band. The broadcasting strategy which is currently applied 

worldwide is based on spatial reuse principle to protect cochannel interference. This special 

separation of channels let some channels to be unused in some locations shown in figure 

2.1. These can also be called TVWS [20]. As explained above, radio spectrum is a very 

scarce and precious resource. To satisfy users of the growing communication service, 



16 

 

providers and/or countries are exploring for efficient utilization of primarily dedicated 

spectrum or searching for other means of resources. TVWS fits the later. 

Primarily the channel is dedicated for TV broadcast. The use of this channel other than 

primary service is known to be secondary service. TVWS enables to have superior quality 

for broadband, more bandwidth in rural area, high coverage area and high signal 

penetration quality. In rural areas TVWS is more abundant [2]. TV signals are robust, 

unaffected by different terrain and weather. This makes TVWS more preferable for long 

distance transmission and reliable data transmission. TVWS can be applied for rural 

wireless broadband network, machine to machine communication and backhaul 

communication. 

  

Figure 2.1. Graphic illustration of licensed transmissions at certain frequencies [21] 

In many countries, analogue television broadcasts are being switched off and replaced by 

more spectrally efficient digital television transmissions. TVWS exists in the TV band and 

have good propagation and building penetration characteristics. This makes them best 

suited for use in rural broadband applications, where transmission links may be several 

kilometers in distance and may involve challenging terrain such as hills, foliage and water 

[22]. 

The TVWS technology should have a system with automatic operation to control the 

interference with the primary users and provide free channels for the secondary user. This 

switchover can be controlled with a system which is currently prevailing in the world to 

handle such cases, i.e. cognitive radio system. The cognitive radio system is a system which 
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uses radio technologies and allows the system to have a knowledge of the current status 

including geographical and operational environment and develop an algorithm to control 

automatically the adjustment of devices to access the resource with no interference [1]. 

TV white space is either temporarily or permanently unoccupied spectrum at VHF/UHF 

band. It is either unallocated spectrum or allocated and assigned, but underutilized 

spectrum or arises naturally between used channels as a result of interference (guard band 

between two transmitting channels) or spectrum that is coming free due to digital dividend. 

2.2.2 TVWS Architecture 

TVWS standards and regulations have transformed the TVWS network architecture. In 

Africa TV white space is supposed to provide a connection for the backbone other 

standards like IEEE 802.3 are used for service area expansion. Channel assignment strategy 

is currently being provided as static. Future TVWS system architectures are envisioned to 

include IEEE 802.22 backbone links and IEEE802.11 af access links operating in the UHF 

frequency band, and geolocation spectrum databases for automatic assignment of available 

TVWS channels, as shown in figure 2.2. TVWS Wi-Fi can cover four times the radius of 

normal Wi-Fi AP at the same power level and can reach several kilometers with higher 

power. [21] 

 

Figure 2.2. TVWS Network Deployment and Scenario in Africa [21] 
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2.2.3 TVWS Characteristics 

Good broadband quality: Unlike short wave length signals of frequency 2.4 MHz, TV 

signals have high building penetration and terrain crossing capability with large area 

coverage. These factors increase QoS and hence good quality. 

More bandwidth: In rural area, higher vacant TV channels due to small TV broadcasters 

at the area. Also, in suburban and urban areas it doesn’t mean no white space exist. It adds 

more bandwidth for the available bandwidth. This is a way of additional bandwidth. 

Long range and large coverage area: terrestrial TV broadcast are transmitted at low 

frequency. This enables to have large coverage for TVWS. Ground wave cling to curvature 

of the earth, spreading over greater distances and requiring less power to do so. For 

broadband use, this means that fewer base units are required to cover greater areas and that 

access points can serve larger areas.  

Greater signal penetration: White space frequency penetrate obstacles, a characteristic 

that makes them particularly promising for affordable rural broadband because little new 

infrastructure or land alteration is required for deployment. In mountainous or thick 

forested country, this line of sight requirement means large towers must be built to hold 

transmitters, receivers, repeaters and antennas. In rural areas, with only a few customers 

per square mile, internet service providers (ISPs) can’t justify the expense of building large 

towers [2]. 
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Table 2.1. Comparison of TVWS with other wireless Technologies [1] 

 

2.2.4 TVWS Around the World 

The TVWS technology is becoming significant in some countries for its contribution in 

increasing capacity and bandwidth for the wireless communication channel. Countries in 

the world are benefiting them by applying this technology. All the countries are though not 

in the same status regarding the deployment. Some have already begun using it, others are 

showing their interest to use while others have planned. Digital migration is one driving 

factor for countries to begin using the vacant bandwidth which was used as a guard band 

in analogue terrestrial TV transmission. 

USA has already begun in 2018 and there have been a number of certified database 

administrators. The country is one of the leading countries to deploy TVWS based network 

whereas United Kingdom is making TVWS technology important element in its building 

of smart city, Wi-Fi Hotspot coverage, rural broadband, sensor network and M2M 

communication. Singapore is also deploying for different use cases like smart grid 

solutions [1].  

For different status of countries around the world, the following table will summarize. 
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Table 2.2. TV White Space Trials Status of Different Countries [23] 

Interested Countries Countries Planned Completed or 
Ongoing 
Countries 

1. Mexico 

2. China 

3. Ecuador 
4. India 

5. Peru 

6. Thailand 

7. Nigeria 

8. South Africa 

9. New Zealand 

10.  Malaysia 

1. Ireland 

2. Philippines 
 1. USA 

 2. Canada 

 3. Brazil 
 4. UK 

 5. Finland 

 6. Germany 

 7. Belgium 

 8. Japan 

 9. Singapore 

 10. Kenya 

 11. Uruguay 

 12. South Korea 

2.2.5 TVWS for Rural Broadband 

In these days not only, urban people are internet based, but also the rural community is in 

great demand of broadband internet. Keeping their interest of being connected to the rest 

of the world, the government should also improve their life in bringing good health care, 

improved farming and modernized irrigation system, electronic based marketing system, 

internet-based education system and so on. As we have seen above, 85% of Ethiopia’s 

population is living in rural areas where they lead their lives with farming or pastorally. In 

both cases, rural and farming lives, there must be improvement in their status of living 

where in broadband internet plays vital role. 

Ethiopia’s economy is also based on agriculture. Its people fulfil their needs from this part 

of economy. So, the government must improve the economy, in other words the agriculture, 

to have sustainably developing country. TVWS contributes its part in providing internet in 

form of Wi-Fi for the rural community by becoming better than other technological 

standards to provide internet for rural areas in different parameters. 
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Table 2.3. Existing Standards for Rural Broadband [24] 

 

2.2.6 TVWS Standards 

There are different standards which have been developed for TVWS. The standard includes 

IEEE 802.22, IEEE 802.11af, IEEE 802.19.1, IEEE 802.15.4m and etc. From these 

standards IEEE 802.19.1 manages the operation of 802 family, whereas IEEE 802.11af and 

802.22 are important in providing rural connectivity. 

IEEE 802.22 was the first from other standards which is developed as a cognitive radio 

technique to access TVWS [25]. It can be applicable to make services available to distances 

in range of 33km which can be covered with only 4w EIRP. This will make it relevant to 

be applied for rural connectivity in providing broadband internet. IEEE 802.22 standard 

uses combined method of accessing TVWS. It is applicable for any regulatory management 

issues whether in region 1 or 2 with frequency range from 54MHz-862MHz. Based on 

database regulation, its secondary device is not allowed for transmission until the 

authentication is sent and can be used for point to multi point network topology [1]. 

IEEE 802.11 was adapted to handle TV band frequencies. It is known as IEEE 802.11af or 

with another name, White-fi [26]. The standard was first developed to handle many users 

which are concentrated around unlicensed high frequency spectrums 2.4GHz and 5GHz. 

Then it is modified to be used for frequencies less than 1GHz which includes TVWS 

frequency and is used as database assisted standard. It can be applied for indoor or outdoor 

locations to handle the scenarios. Like Wi-Fi the range of operation in the indoor scenario 

is up to 100m whereas the outdoor scenario is somewhat longer which can cover up to 

some kilometers. This application is more interesting to be applied in rural areas. Another 

advantage of this standard is, its ability to aggregate the bandwidths which are found in 
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discontinuous spectrum range [1]. The discontinuity is created due to incumbent’s 

occupation of different frequency locations in the spectrum to remove interference. 

2.2.7 TV White Space Regulation 

Generally, Radio Frequency (RF) spectrum regulation in every country is the responsibility 

of the government agencies, such as Ethiopian Broadcasting Authority (EBA) in case of 

Ethiopia. Regulators around the world enforce spectrum management and regulation 

mainly through three main approaches [27]: 

✓ Licensed spectrum for exclusive use 

✓ Licensed spectrum for shared use 

✓ Unlicensed spectrum 

The radio spectrum has a vast number of users and different kind of services. Those who 

wish to operate in the certain band have to apply for a license and pay for it, if granted. 

After this the band is reserved for the rightful owner and the authorities are obligated to 

make sure that the licensed owner’s service is not interfered. For the licensed and for 

unlicensed operation there are certain regulations that the system has to fulfill. These 

regulations are meant to make it possible to for tell what kind of interferences certain 

systems cause and so be able to mitigate interferences between the systems [28]. 

While trials and deployments have flourished throughout the world, there are some 

regulators that have fully adopted rules for use of television white spaces: United States, 

Europe (ECC), Malawi, and the United Kingdom. 

A. FCC Proposal 

The U.S. FCC first adopted rules for the use of television white spaces in 2008. Since then, 

it has amended its rules several times. The rules allow operation of devices on a license-

exempt basis [29]. According to [30], the FCC rulings can be summarized as follows. 

Devices may rely on either databases or sensing to avoid interference with protected 

services. The rules authorize private sector database operation without placing a limit on 

the number of database providers offering service. They also impose certain security and 

certification requirements on databases. They establish three classes of devices: fixed, 
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mode I portable, and mode II portable. Fixed devices must limit their power to no more 

than 4W EIRP, and personal/portable devices are limited to 100 mW. Detail proposal can 

be accessed at [22] [31]. 

B. ECC Proposal 

ECC has proposed in its Report 159 [18] requirements which are both technical and 

operational, for the operation of CR systems in the TV white spaces at a given frequency 

band. Whereas the FCC’s method was quite traditional with a fixed guard band and power, 

the ECC has taken different approach with much more complicated system of calculating 

the allowed parameters based on the estimated interference. The approach in the ECC 

regulation is the coverage probability of the TV contour. The TV transmission coverage is 

determined by a location probability. Detail proposal can be found at [18]. 

C. Ofcom Proposal 

The UK regulator Ofcom for the first time released a similar proposal as FCC to allow 

unlicensed use of TV dedicated spectrum for cognitive devices in 2007 and suggested many 

technical requirements in 2009 [32]. Then after, Ofcom revised its TVWS regulation 

several times and Ofcom adopted current rules for the use of television white spaces in 

early 2015 [33]. According to [33], the Ofcom rules can be summarized as follows. 

They allow operation of devices on a license-exempt basis. They also authorize private 

sector database operation by one or more database providers. Ofcom will impose certain 

qualification requirements on databases. They establish four classes of devices: fixed 

master, fixed slave, portable master, and portable slave. They establish varying maximum 

power levels based on the presence of incumbents and assume that devices will comply 

with the European Telecommunications Standards Institute (ETSI) emissions mask 

classifications. Ofcom’s rules do not allow the use of sensing-only devices. Detail proposal 

can be accessed at [33]. 
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D. The Malawi TVWS Draft Regulations 

According to the Malawi Communications Regulatory Authority (MACRA), the eligibility, 

requirements and grant of licenses are dependent upon the different factors, according to 

their draft regulation. Drafted regulation to use TVWS can be found at [34]. 

2.2.8 Opportunities of TVWS, Advantages and Dis-advantages 

The coverage distance and penetration ability of TVWS even hard buildings has another 

advantage in return. One is lowering the cost of capital expenditure due to longer range 

and better penetration in which a smaller number of devices are required to connect up an 

area. In this case the capital expenditure can be significantly reduced. It can save 90% as 

low as expected [1]. Other advantages include: 

✓ Operational cost minimization: since the use of TV white space is in unlicensed 

manner, its cost of installation and general ownership of a system has less cost than 

other deployed technologies. 

✓ Simple deployment issue: The TV white space system doesn’t take much time to 

deploy. This can result from the above-mentioned advantage of deployment cost 

and no need of complex technologies. 

✓ Good performance: Since TV signal is less affected by signal blocking factors such 

as rain and blocking wall, it can perform better than other short-wave signals which 

operate around 2.4GHz or 5.8GHz. 

✓ Smaller delay: since it has wider bandwidth, the delay or simply the latency, is 

reduced. This effect is observed highly in large networks. The reduction may go up 

to 100 times for the comparison with narrow band IoT network which has operating 

frequency of 900 MHz. 

✓ Less security risk: since the security risk is increased with a decrease in bandwidth, 

TV white space is not vulnerable to these security risks. For large bandwidths like 

in TV white space the risk attack is difficult. 
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Disadvantage of TVWS 

White space is variable and unlicensed. An assigned channel in one area may not be 

available in another. This could be a problem for some applications. 

✓ There is interference risk with the incumbent system, since we are using the 

adjacent or co-channels in secondary use. The adjacency may also be with 

microphones or other systems. 

✓ Long antenna requirement: since the frequency is in VHF and UHF band, the 

antenna height is required to be longer than other devices which operate in GHz 

band. This makes portable devices difficult to handle. 

✓ There may be a need of external internet system in order to access the database 

system and start the system. 

✓ The standards developed are not effective in deployment and had not been set for a 

test although IEEE 802.22 and IEEE 802.11af are suggested for use [1]. 

2.3. Quantifying TV White Space 

2.3.1 Introduction 

The free bands in terrestrial TV transmission can be of due to spatial reuse separation or 

digital migration. In both cases we are able to have free spectrum for secondary use. In 

protection of primary users, these channels can be used by WSDs. One country may have 

different frequency planning strategies to avail the television transmission, where also each 

strategy has different availability statuses in different locations. There may be high power 

at one location and low coverage power due to terrain, weather and other factors which can 

cause signal attenuation. The signal quality is dependent on received DTT power and also 

the secondary usage of a spectrum is on the other hand dependent on it. So, knowing the 

received power will benefit the planner in designing TV white space system. 

The difference in availability results in different amount of spectrum for secondary use. In 

quantifying the available spectrums many parameters are needed. First, the signal at each 

receiver point for primary transmission must be found either by measurement or 

calculation. If we are interested in the later method, we have to calculate the path loss of 



26 

 

DTT transmission. After knowing the signal strength at the location of interest, we have to 

quantify how much spectrum is available there. This step also needs different methods. 

There must be a database which can give a real time data for the secondary user without 

affecting the incumbent system. The database consists a real time calculator of free 

channels, since there may be a variation in received DTT signal quality due to different 

weather condition. 

In order to exploit the available spectrum and get a full benefit of it, it is necessary to 

estimate the actual number of free channels [16]. Here in this section, let’s look on 

methodologies which can give a satisfactory approximation on available free spectrum. 

2.3.2 Digital Terrestrial Television (DTT) 

Since we are planning to use digital terrestrial TV for TVWS, we have to understand the 

planning strategy of the country. The planning of terrestrial TV is simply limiting 

transmission power, assigning operating frequency and other planning criteria.  The other 

planning parameters include minimum receivable signal and transmitter antenna and 

location [35]. 

A. Reference planning 

Terrestrial TV planning affects the calculation engine of the database. ITU puts references 

in designing of the incumbent system [36]. These references are set as recommendation in 

radio resource management. There may be non-ITU recommendations for planning which 

are designed in regional or country specific areas. These planning strategies have their own 

consequence [37] [38]. The reference configurations are for transmitter and receiver 

linkage. Geometrical configurations are set to consider out door antenna of height 10m 

whereas indoor receiver is 1.5m. 

The terrestrial TV planning may be analogue or digital, based on the technological 

advancement of the service provider. In digital terrestrial TV planning strategy, the guard 

bands are not reserved to protect interference, they are left vacant. The digital TV system 

can use mobile transmitter receiver pair whereas the analogue is only valid for fixed 

outdoor receiver only. The other difference comes in terms of reference field strength 

values for the two technologies [3] [39]. 
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B. Terrestrial TV network frequency 

The other point which the database or calculation engine should be informed of is the 

network type or frequency allocation system. There may be in one case cellular system, 

where picocell type small re-transmitters located under the large cell coverage. Also, the 

picocells may be out of the microcell power coverage range and they serve mainly as small 

re-transmitters for their own coverage. They serve as a bridge to connect unserved points 

between two high power transmitters. Terrestrial TV networks can be grouped in to two, 

based on the type of frequency reuse principle. 

I. Single frequency transmitters: Here a single frequency is used by the incumbent 

transmitter. Not only for one specific transmitter is that single frequency used to transmit, 

but also it is used in other transmitters, which may be neighboring to the transmitter with 

the same frequency. In this type of network, there must be powerful planning mechanism 

to avoid interference between the neighboring transmitters. This protection is provided by 

creating spatial gap. Most of the time, such networks are used in DTT [39]. 

II. Multiple frequency transmitters: Here, there may be different frequencies at one 

transmitter or different frequencies used at the national planning of the terrestrial television 

transmission. In this type of transmitter, there is less chance of co-channel interference 

between the neighboring transmitters. Different contents can be transmitted at different 

channels. It is usual in analogue terrestrial TV transmission planning and mixed 

transmission. With regards to channel utilization, it is better than single frequency network 

and here the frequency reuse is also possible [3] [39]. 

C. DTT coverage determination approaches 

The service area for the terrestrial TV is the area under which the receivers get sufficiently 

receivable quality of signal. We couldn’t find the same power at the transmitter and some 

distance away from it. This implies that the coverage of the incumbent can be determined 

by the power or field strength received by the incumbent receiver. The minimum limit in 

terms of field strength is given by the national body responsible for planning [11]. It is 
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known to be minimum receivable signal. The coverage is then determined to be the radius 

of area under this value of received signal and between the transmitter [3] [39]. 

D. Protection for Terrestrial TV 

The first constraint in secondary system designing must be interference avoidance of 

incumbent systems. This process is facilitated by keeping some value of signal ratio below 

which the incumbent system is affected. This value of signal ratio is known to be protection 

ratio and it is given in different forms. The ratio may be between the required signal and 

noise, interference ratio or the noise to interference ratio. In other words, it is given to be 

the allowed signal level for the DTT receiver to have acceptable quality of signal without 

being affected by the secondary white space device [3] [40]. 

E. Pathloss models for Terrestrial TV 

The operating frequency of the terrestrial TV system relies on the very high frequency 

(VHF) and ultra-high frequency (UHF) range of electromagnetic wave range. The 

propagation models used here to represent must be valid for this frequency range and the 

distance where the signal in this frequency range can cover. These acceptable models can 

be categorized as empirical and deterministic models. The former is based on empirical 

data collected from different locations and whether formulating it or simply tabulating the 

statistical data to be used for different cases. The latter is based on already established 

formulas to model the signal. It basically considers accepted signal properties explained in 

the science [3]. 

F. Terrestrial TV Antennas 

Antenna for terrestrial TV can be whether omnidirectional or directional, when grouped by 

their directivity, band specific or wide band, when grouped by their frequency band of 

operation, and are transmitting or receiving antennas [41]. 

2.3.3 Cognitive Techniques to Access White Spaces 

Cognitive radio access technique is used to enable the white space without interfering the 

primary system. Although there are still ongoing researches on ways to enable the free 

spectrum of the TV channel for secondary use, there is an agreement on some concepts. To 

avail the free channels, the cognitive system should detect and give decision based on the 
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detected signal level. Electronic Communications Committee (ECC) proposed three 

different cognitive techniques to enable secondary device [18]. 

✓ Geo-locational database system 

✓ Spectrum sensing and 

✓ Beacons 

A.  Geo-locational Database system 

In this cognitive technique, the white space devices (WSDs) defines its location and request 

for free channels from the database. In order to decide whether the channel is available or 

not, the database uses the geolocational coordinates of the incumbent transmitters and the 

requesting device. That is why it is known to be geolocational database system. After the 

secondary device is placed at the required place and request for a service, the database must 

go through processes in order to reach decisions. These processes are performed by the 

calculation engine of the database system. According to [18], Ofcom proposed that it is 

mandatory for a White Space Device (WSD) to provide the location and other needed 

information for further processing. 

The WSD is not enabled for further calculation if it is not in the allowed list of devices or 

doesn’t provide full information. For this process, other means of connectivity is needed to 

establish initial connection. The replied parameters from the database may be the available 

frequency band and the also the power limit, below which the white space device is able to 

transmit without affecting the incumbent system [18]. 

For this approach, the accurate information may not be provided for the database. This 

results from different countries spectrum information incompleteness. If the data is 

available also, the data may be huge for assessment and analyses [13]. 

B. Spectrum Sensing 

In this approach, the WSD is the responsible device for signal survey and analyses whether 

there presents a signal or not. It measures the signal level for a given channel and then 

decide for its use for secondary use. The detection is also done for adjacent channels signal 

level, if one channel is found free. Here, the detection of wireless microphone signals must 
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also be done [18]. If a system uses only spectrum sensing mechanism, it doesn’t require 

initial connection established for further processing. It has better advantage in removing 

the extra cost of using other means of connection. 

In cases where the detector fails or varying TV signals are available or there is a change in 

signal level for primary user, it is difficult and may cause severe interference. Due to these 

effects, most of the time database approach is recommend more than it [13]. The other 

challenge associated with the spectrum sensing scheme is that sensing signals may be 

vulnerable to what is called the hidden terminal problem as described below. 

Hidden node problem 

It occurs when the WSD tries to sense the spectrum [18]. The problem comes to effect 

when the incumbent receiver is active and senses more the primary signals, although it is 

assumed that it receives the signal from the secondary device. This problem can be 

overcome if the antenna of the WSD is set as high as sufficient to dominate the primary 

signals.  

C. Beacons 

A beacon is the information carrying signal which is transmitted in order to enable the 

secondary device for operation. The secondary device which uses beaconing technique 

must get beacons before any operation. These signals may be similar to acknowledging 

signals in database system. The difference is that there is a control signal giving all the 

information needed for operation on the area. These control signals are not controlled by 

the database system, rather the national authority could send, unlike the database system. 

It has better advantage than the geolocational database system in such a way that the 

secondary device is not needed to provide its location information. But with regards to cost, 

complexity and time need to install, it is less advantageous than other methods. The 

beaconing signal counters are also hard to define accurately, because the time and 

frequency variations of field strength [18]. 

From above discussed Cognitive Techniques to Access White Spaces, Geo-location with 

Databases assumed to be used for this thesis. This was due to above mentioned short 
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comings for other cognitive access methods and the fact that most of WSD’s manufactured 

today supports this cognitive access methods. 
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CHAPTER THREE 

SYSTEM MODEL AND DESCRIPTION 

3.1. Introduction 

The main objective of the thesis is investigating TV white space in Ethiopia and quantifying 

how much contiguous band width can be found and analyzing the capacity, as a sub 

objective. To meet these objectives there are some methods to follow. It includes selecting 

appropriate cognitive radio technique, propagation model and others according to the 

previously selected method. As indicated in figure 3.1, it is a step by step process. Starting 

with CR technique, we have followed steps. 

 

Figure 3.1. General flowchart for the proposed approach 
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3.2. Cognitive Radio Techniques 

In the previous chapter, three techniques which help the WSD in finding free incumbent 

channels, have been discussed. 

A. Spectrum Sensing 

When a WSD try to find a free channel by detecting the primary signal quality, it is called 

spectrum sensing. Here the minimum signal level below which incumbent receiver can’t 

receiver with a good quality must be set first to the WSD. The WSD measures the signal 

quality of the candidate channel, if it is found that the signal quality is above the minimum 

value, the channel is occupied. Otherwise it is free to be used by the secondary device. The 

signal measurement may include adjacent channels’ signal quality also, in order to protect 

adjacent channel interference. 

Here some dedicated channels are passed from sensing, which were already reserved for 

other services. This method gives good coverage for the incumbent transmitters. It needs 

sophisticated sensing algorithms to detect signals located at long distances. The sensing 

methods can be grouped as blind, where knowledge of primary signal is not required and 

feature-based, where primary signals are exploited with pilot signal detection [16]. For 

accurate detection, many sensors are needed to be deployed at several points of the 

network. 

Most of the time this method needs to be applied when there is a full knowledge of primary 

services. The main advantage of spectrum sensing is there is no other infrastructure needed 

like database. This will benefit areas at which there is limited or no internet connection. 

But if the sensing threshold values are very low, it will increase the system complexity and 

decrease number of available channels. This in turn will reduce a potential of white space. 

One major problem is when there is independent detection. If the sensing is made only for 

incumbent service, then what ever the case is there, whether it is sensed by other nearby 

service or not, the device simply begins to use the free channels. This will cause another 

interference among WSDs [18]. 
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B. Geolocational Database 

With this technique, the WSD simply sends its location to the geolocational database and 

the database replies channels available for secondary use. The database performs different 

real time calculations in order to avail free channels based on information it gets from the 

WSD itself. 

The accuracy of location measured by the WSD installed must be better than ad hoc 

installations. The WSD must first be confirmed whether it is under permission or not. It 

will not allow if it is not registered. This is done with other means of connection other than 

TV white space. In some cases, one WSD may serve as database to serve others. In the 

database technique, since the database is set to manage all the connected devices in some 

area, no interference will happen between WSDs [16]. Here, the WSD must have real time 

information about free channels by either taking the time of received information for its 

validity from sources or by requesting the database system [42] [39]. 

C. Beaconing 

In this method, there are signals called beacons which inform whether the signal is 

occupied or free. It is useful for sensing devices by removing signal detection of very low 

power. There is a cost of free channels in having very low spectrum sensing threshold 

which is set to protect the incumbent station [18]. 

Comparison: 

The three techniques have their own strengths as well as weaknesses. Based on their 

characteristics and parameters, we will select one. As we have seen above, geolocational 

database system provides greater flexibility for TV white space networking. It can also 

provide safe protection for incumbent users by geographical fencing. The spectrum sensing 

on the other hand causes underutilization of spectrum and increases the coverage for 

incumbent system for more than approximately 3.5x that of database system. This leads 

WSDs to be of small or no space of operation [16]. The beaconing technique is not cost 

effective. Since my objective includes decreasing cost, we would not select it. Therefore, 
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the technique we prefer for this thesis is geolocational database technique, in accordance 

with the above-mentioned parameters. 

3.3. Geo-location WS Database Implementation Methodologies 

Once the geolocational database approach is selected, there are also methodologies applied 

here. Three are compared here. 

✓ Vectorized Approach: It is based on vectorizing a given coverage area of incumbent 

system. For a given area, if channels are found free after the calculation engine’s 

work, it will be available when requested by the secondary device. It is dependent 

on rigid vectors unless an update is done on the calculation engine inputs. It is a 

preferred approach by FCC and Ofcome [3]. 

✓ Degradation of Location Probability Approach: This approach uses degradation 

in location probability to calculate the emission limit of the WSDs. First the 

location probability is calculated with no interferer. Then the interferer is added and 

location probability is measured. The difference in these two values is used to limit 

the emission level of the secondary device. 

✓ CNIR Threshold Approach: It is based on comparison of received power with 

minimum carrier to interference ratio in a desired geographical area for each 

channel. 

Comparison: 

Vectorized and CNIR threshold approaches give their results in terms of number of 

channels. Degradation in location probability is less applicable in developing countries, 

since incumbent receivers need to be in fixed locations, where in developing countries it is 

impossible. This parameter limits me not to use this approach. In mountainous terrain and 

when hidden nodes exist, CNIR is preferred. Since our main issue is providing TV white 

space for a developing country, with sufficient incumbent protection and quantifying the 

capacity in terms of number of channels or contiguous bandwidth, vectorized approach is 

preferred. 
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3.4. Path Loss Models for Database Calculation Engine 

For efficient utilization of free channels, keeping the interference minimum at the same 

time, the path loss model used by calculation engine must be efficient, where it should 

support both VHF and UHF. The path loss model should be less variant in different 

frequency ranges. If the path loss value has significant difference for frequency values in 

VHF and UHF, this will cause significant difference in contour coverage of the DTV. This 

will on the other hand cause a variation in channels which are set free or occupied. Free 

channels for VHF may be occupied on UHF and vise-versa. 

The path loss models which can support VHF and UHF frequency range are identified and 

analyzed for this thesis. With assumption that the area of broadcast is rural area, models 

for this area and their response for frequency are studied as below. 

3.4.1 ITU-R P.1546-5 

This propagation model gives a point to area prediction of signals in the frequency range 

from 30MHz to 3GHz with in a distance up to 1000km and effective antenna height up 

3000m. It is statistical model for land, sea and mixed paths. The value of field strength is 

given in a graphical and tabulated form for some fixed values of frequency, effective 

antenna height and distance from the transmitter. To find the value of field strength with 

factors of different values from the givens, it is advisable to use interpolation (when the 

required value is between given values) or extrapolation (when the required value is out of 

the given values in the table or graph) [43] [42] [39]. 

The interpolation formulas for different parameters are given as: 

For distance, d,  𝐸𝑑 = 𝐸𝑖𝑛𝑓 +
(𝐸𝑠𝑢𝑝−𝐸𝑖𝑛𝑓) 𝑙𝑜𝑔(𝑑

𝑑𝑖𝑛𝑓
⁄ )

𝑙𝑜𝑔(
𝑑𝑠𝑢𝑝

𝑑𝑖𝑛𝑓
⁄ )

 𝑑𝐵 (µ
𝑉

𝑚
)  (3. 1) 

For frequency, f, 𝐸𝑓 = 𝐸𝑖𝑛𝑓 +
(𝐸𝑠𝑢𝑝−𝐸𝑖𝑛𝑓) 𝑙𝑜𝑔(

𝑓
𝑓𝑖𝑛𝑓

⁄ )

𝑙𝑜𝑔(
𝑓𝑠𝑢𝑝

𝑓𝑖𝑛𝑓
⁄ )

 𝑑𝐵(µ
𝑉

𝑚
)    (3. 2) 

and 
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For antenna height value different from given in the graph, h1, 

𝐸ℎ1
= 𝐸𝑖𝑛𝑓 +

(𝐸𝑠𝑢𝑝−𝐸𝑖𝑛𝑓) 𝑙𝑜𝑔(
ℎ1

ℎ𝑖𝑛𝑓
⁄ )

𝑙𝑜𝑔(
ℎ𝑠𝑢𝑝

ℎ𝑖𝑛𝑓
⁄ )

 𝑑𝐵(µ
𝑉

𝑚
)    (3. 3) 

Here, the subscripts inf and sup indicates the values of respective parameters given in the 

graph or table directly below and above the required value, respectively. In this model 

there are other factors like time percentage and location probability to be taken into 

account. 

3.4.2 Okumura Hata Model 

Covers distance up to 100km. The operating frequency ranges from 150MHz up to 1.5GHz 

[44]. The loss for urban areas is given by: 

𝐿𝑢𝑟𝑏𝑎𝑛 = 69.55 + 26.16 𝑙𝑜𝑔(𝑓) − 13.82 𝑙𝑜𝑔(ℎ𝑡) − 𝑎(ℎ𝑟) + (44.9 − 6.55 𝑙𝑜𝑔(ℎ𝑡)) 𝑙𝑜𝑔(𝑑) (3. 4) 

The correction factor a(hr) for middle and small cities is given by: 

𝑎(ℎ𝑟) = (1.1 𝑙𝑜𝑔(𝑓) − 0.7)ℎ𝑟 − (1.56 𝑙𝑜𝑔(𝑓) − 0.8)   (3. 5) 

For open or rural areas, it become: 

𝐿𝑟𝑢𝑟𝑎𝑙 = 𝐿𝑢𝑟𝑏𝑎𝑛 − 4.78(𝑙𝑜𝑔(𝑓))2 + 18.33 𝑙𝑜𝑔(𝑓) − 40.94  (3. 6) 

3.4.3 Longley Rice/ Irregular Terrain Model 

It is a model covers a frequency range from 20MHz to 20GHz [45]. The analysis uses 

several parameters and contains complex equations where it is simplified by a software 

called, Signal Propagation, Loss and Terrain Analysis Tool, SPLAT! It takes in the real 

terrain data and gives the output in coverage map or report in text format. The point to 

point analysis is calculated for this thesis. 

3.4.4 Hata Devidson Model 

The model uses frequency 30MHz-1500MHz, distance 1km-300km, Tx HAAT 20m-

2500m and Rx antenna 1-10m [46]. 

𝑃𝐿𝐻𝐷 = 𝑃𝐿𝐻𝑎𝑡𝑎 + 𝐴(ℎ1, 𝑑𝑘𝑚) − 𝑆1(𝑑𝑘𝑚) − 𝑆2(ℎ1, 𝑑𝑘𝑚) − 𝑆3(𝑓𝑀𝐻𝑧) − 𝑆4(𝑓𝑀𝐻𝑧, 𝑑𝑘𝑚) (3. 7) 
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Where, 

 𝑃𝐿𝐻𝑎𝑡𝑎 = 69.55 + 26.16 𝑙𝑜𝑔(𝑓) − 13.82 𝑙𝑜𝑔(ℎ1) − 𝑎(ℎ2) + (44.9 − 6.55 𝑙𝑜𝑔(ℎ1)) 𝑙𝑜𝑔(𝑑) (3. 8) 

and the correction factor for receiver antenna is the same as that for Hata model above.  

A and S1 are factors that extend distance up to 300km. S2 is correction factor for HAAT to 

cover up to 2500m. And S3 and S4 are correction factors for frequency to cover up to 

1500MHz. 

Table 3.1. Terms in the Hata Devidson Model 

Distance (km) A(h1,dkm) S1(dkm) 

Dkm<km 0 0 

20<dkm<64.38 0.62137(dkm-
20)*[0.5+0.15log1010(h1/121.92)] 

0 

64.38<dkm<30
0 

0.62137(dkm-
20)*[0.5+0.15log1010(h1/121.92)] 

0.174(dkm-64.38) 

And for other correction factors, 

S1(h1,dkm)=0.00784/log10(9.98/dkm)/(h1-300), h1>300m 

S3(fMHz)=fMHz/250log10(1500/fMHz) 

S4(fMHz,dkm)=[0.112log(1500/fMHz)](dkm-64.38), dkm>64.38 km   (3. 9) 

3.4.5 Egli Model 

A model for UHF and VHF in frequency range of 40MHz-900MHz. It calculates point to 

point link path loss for urban and rural as well. It is developed to include irregular terrains 

[47] and its loss formula is given by: 

𝑃𝐿𝐸𝑔𝑙𝑖 = {
20 𝑙𝑜𝑔(𝑓) + 40 𝑙𝑜𝑔(𝑑) − 20 𝑙𝑜𝑔(ℎ𝑡) − 10 𝑙𝑜𝑔(ℎ𝑟) + 76.3,          ℎ𝑟 ≤ 10𝑚

20 𝑙𝑜𝑔(𝑓) + 40 𝑙𝑜𝑔(𝑑) − 20 𝑙𝑜𝑔(ℎ𝑡) − 10 𝑙𝑜𝑔(ℎ𝑟) + 83.9,          ℎ𝑟 > 10𝑚
  (3. 10) 
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Where hr is height AGL of receiver antenna in meter, ht is transmitter antenna height AGL 

in meter, d is transmitter and receiver separation distance in kilometers and f is operating 

frequency in MHz.  

One of the points selected for the study is shown in figure. 3.2. below. 

 

Figure 3.2. Test Point for Pathloss Models (adapted from Google Earth)  

The outputs for pathloss model comparison are shown in the next chapter in the form of 

graphs for two center frequencies and the difference of loss values. The center frequency 

for VHF in Ethiopian case is taken by using the calculation formula: 

𝑓𝑐(𝑉𝐻𝐹) =
(178𝑀𝐻𝑧 + 220𝑀𝐻𝑧)

2⁄        (3. 11) 

And its value is 199MHz. For UHF case, the minimum frequency is 474MHz and the 

maximum frequency is 786MHz. The center frequency then is 636MHz, with equation 

below.  

𝑓𝑐(𝑈𝐻𝐹) =
(474𝑀𝐻𝑧 + 786𝑀𝐻𝑧)

2⁄       (3. 12) 
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Other parameters taken as common for all models are 

✓ Transmitter height above ground level=30m, which results in HAAT of 639.42m 

at Furi. 

✓ Receiver antenna height=1.5m. 

✓ Time and location probability for both Longley Rice and ITU-R P.1546-5 models 

are 0.95 and 0.5 respectively 

✓ And all the five points are selected for representation of different locations. 

For the pathloss analysis of the models the real data is used for different locations. These 

test points, shown in figure 3.3, are selected at random. The reason that only one point is 

not selected is, since the most of the model are point to point analysis. The points selected, 

although they are random, are selected from different locations to include different 

propagation path types. One is at shorter distance while the other is larger separation. One 

is obstructed, while the other is LOS. One is inside the Addis Ababa city, while the others 

are located at the rural areas. 

 

Figure 3.3. Test Points for Propagation Models (adapted from Google Earth) 
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3.5. Co-existence of TV White Space Device and Incumbent System 

The secondary system or TV white space system in short, must be non-interfering to the 

incumbent system. The licensed user, who pays for service provider should not be affected 

by our secondary system. This is the guiding principle in TV white space system 

installation. One way to protect the incumbent system is by providing sufficient spatial 

variation between the primary and the secondary systems. This spatial variation is 

supported by installing the WSD out of the incumbent coverage. In other words, there must 

be a separation distance from the DTT transmitter that the WSD must be kept away. The 

contour coverage of incumbent system is affected by different factors [48]. They include 

DTT transmitter antenna height, frequency of operation and the minimum allowable field 

strength value for the DTT receiver below which the receiver can’t have acceptable quality 

of signal. The antenna height on the other hand depends on the terrain coverage around the 

transmitter; this implies the antenna height is better described by HAAT. 

The minimum median field strength is the value which is limited by the national authorized 

body by considering different factors. These factors contribute in minimum receivable 

signal quality of the DTT receiver. For one country, the limiting equation is given by [49] 

[42]. 

𝐸𝑚𝑖𝑛 + 𝐹𝐷 + 𝐺𝐷 + 𝐹𝐷𝑎 − 𝐿𝑙 − 𝑁𝑡 − 𝑁𝐹 = 𝐶 𝑁⁄      (3. 13) 

Where in this equation, FD is dipole factor with its formula [42]: 

𝐹𝐷 = −75.05 − 20 log 𝑓𝑐, Here fc is the channel mid frequency. 

𝐺𝐷 is dipole antenna gain of the incumbent transmitter. 𝐹𝐷𝑎 is dipole antenna gain 

adjustment factor which is given by 𝐹𝐷𝑎 = 20 log(615/𝑓𝑐), where in this case 𝑓𝑐 is the 

channel mid frequency. The geometric mean frequency is given by 69MHz for low VHF, 

194MHz for high VHF and 615MHz for UHF. 𝐹𝐷𝑎 has the value as defined in the formula 

for UHF frequencies only; otherwise, it is zero [49]. 𝐿𝑙 is the downlead line loss of the 

transmitter antenna to its receiver antenna. 𝑁𝑡 is thermal noise given by: 𝑁𝑡(𝑑𝐵𝑚) =

10 log(𝑘𝑇𝐵), where k is Boltzmann constant given by k=1.38× 10−23𝐽/𝐾, T is system 
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temperature and B is the bandwidth of the channel, 8MHz in Ethiopian case. 𝑁𝐹 is the 

noise figure and C/N is carrier to noise ratio. With these values identified, the planning is 

done to limit the contour coverage of the primary system. 

The figure below represents the sample system arranged in such a way the TV white space 

device is placed not to affect the primary system. The primary system is kept non-interfered 

by the WSD if it is placed at a separation distance known as keep out distance. As shown 

in figure 3.4, the DTT receiver is assumed to be put at the edge of the incumbent contour 

coverage. It is to receive the minimum receivable signal quality.  

 

Figure 3.4. TV White Space Device Placement and keep out distance 

rc is the contour coverage radius and Kd is keep out distance between the white space device 

and the DTT coverage contour. Each of these distances must be determined well in order 

the two systems to coexist. So, the coexistence of the TV white space system with the 

incumbent system is determined by designing the system which separates the WSD at 

sufficient distance from the incumbent coverage contour [48] [42]. 

To determine the contour coverage radius, we have to limit the minimum field strength 

value, Emin from the above equation. After the Emin value is calculated, appropriate 
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propagation model is used to find at which distance the Emin value is met. For this analysis, 

since ITU-R P.1546-5 includes the terrain of one location and is less variant for frequencies 

in VHF and UHF, we use it for 95% location and 50% time [3]. The other values needed 

for determination are antenna HAAT for the DTT transmitter and operating frequency. If 

each of these factors are different from what is given in the empirical data of the 

recommendation, we again use interpolation and/or extrapolation to find the appropriate 

distance. The interpolation formula for distance when Emin is different from what is given 

on the empirical data [39] is given by: 

𝑑(𝐸𝑚𝑖𝑛) = 𝑑𝑖𝑛𝑓 +
(𝑑𝑠𝑢𝑝−𝑑𝑖𝑛𝑓) 𝑙𝑜𝑔(

𝐸𝑚𝑖𝑛
𝐸𝑖𝑛𝑓

)

𝑙𝑜𝑔(
𝐸𝑠𝑢𝑝

𝐸𝑖𝑛𝑓
)

    (3. 14) 

Here the subscripts sup and inf are used to represent the least of the values above and the 

largest of values below the interpolated/extrapolated parameters respectively. The distance 

interpolation is done in the following order. First interpolate for time percentage, then for 

antenna height. Frequency and field strength interpolation follow then in the given order. 

To analyze keep out distance, we follow the same method, except the values of field 

strength and other parameters are different. In this calculation, the white space device is 

assumed to be a transmitter. The antenna height for the WSD can’t be greater than 30m 

above ground level or 250m HAAT, in order to coexist [50]. The interpolation here is done 

for 50% location and 1% time [3]. The field strength value [42] used in this calculation is 

determined by the formula derived for Emin. 

𝐸𝑚𝑖𝑛 = 𝐸𝑝.1546−5 + 𝑃𝑊𝑆𝐷 + 𝐷 𝑈⁄ − 𝐺𝐷𝑖𝑠 − 64.25    (3. 15) 

Where Emin is minimum receivable field strength at the coverage contour of the DTT 

receiver, Ep.1546-5 is the corresponding field strength value which can be read from the 

empirical data. PWSD is EIRP power of the white space device. D/U is desired signal to 

undesired signal ratio considering WSD as interferer. GDis is offset antenna discrimination 

factor. 
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With these values, after analyzing the minimum receivable signal value from the equation 

in contour coverage analysis, the field strength which can be read and used to calculate the 

keep out distance is found from the above equation [42]. 

𝐸𝑝.1546−5 = 𝐸𝑚𝑖𝑛 − 𝑃𝑊𝑆𝐷 − 𝐷 𝑈⁄ + 𝐺𝐷𝑖𝑠 + 64.25    (3. 16) 

For the analysis purpose, Bedi site, near Addis Ababa, is considered as a DTT transmitter 

with its own real frequency of 610MHz or channel 38. The contour coverage of this 

transmitter is then analyzed by first finding the minimum field strength. The HAAT of this 

transmitter is 191m and other parameters are tabulated as below. 

Table 3.2. Parameters for keep out distance determination [42] 

Parameters Values 

fc 610MHz 

GD 10dB 

Ll 4dB 

NF 7dB 

PWSD 36dBm 

C/N 23dB 

D/Uco-channel 23dB 

D/UAdjacent channel -33dB 

GDis 14dB 

Nt -104.95dBm 

3.6. Database Calculation Engine 

The White Space Database (WSDB) is an entity to verify whether the secondary device is 

in the list of allowed devices for service or not. This is the first process done by the 

calculation engine. The authentication is used to reply for the requesting device. The 

comparison is made between the list of devices and the Identity (ID) number of the 

requesting device. Then, if the device is found in the list, this process is terminated and 

proceed to the next step. The WSD is then allowed to transmit its antenna height above the 

ground level. After accepting the antenna height, the calculation engine must be able to 

compare it with the allowed range of WSD antenna height. It is given in [51] that the limit 

of antenna height is can’t be greater than 30m above ground level or/and 250m height 

above average terrain. So, the next comparison result is based on this range.  
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The HAAT calculation is made not by the white space device itself, rather it is done by the 

calculation engine. It takes antenna height above the ground level. It checks whether it is 

less than 30m. if it fulfils this measure, then the calculation engine goes for HAAT 

calculation. It then decides further analysis by the HAAT; the process can’t proceed if it is 

greater than 250m. This calculation result is needed since the propagation model used for 

further analysis is ITU-R P.1546-5 and TM-91-1. The result of authentication and antenna 

height verification leads to the next process, which uses HAAT as input.  

The next decision is made by comparing the HAAT with 10m. If the value of WSD antenna 

height above average terrain is very short, TM-91-1 path loss model is used for calculation. 

The calculation is for separation distance. As described above in section 3.4.1, ITU-R 

P.1546-5 model needs interpolation in the given formula. Here, the interpolation is made 

for separation distance. Then the interpolated distance value is used to decide channel 

availability. The decision is made based on the location of the requesting device. As it is 

indicated in [51] HAAT also named Effective HAAT is found by following the steps: 

The inputs are antenna height above the ground level and geographical location and terrain 

information, which can be obtained from NASA website. Taking in the inputs, the radial 

terrain data are analyzed. Here the number of radials used to calculate are dependent on the 

level of accuracy we need. For each radial, starting from distance 3.2 km to 15 km from 

antenna, the terrain average is calculated then. The points on each radial are taken to be 

separated by 100m or below, as we need to have the level of accuracy. This average is then 

averaged for the total radials and this final average is taken to be antenna height above 

average terrain. Points less than 3.2 km has insignificant influence on the antenna height, 

as stated in [52]. Depending on the input frequency of WSD operation, the next calculation 

is made. 

Maximum Allowable WSD Field Strength (EWSD) 

It is calculated from TV minimum median field strength value. This value describes the 

allowable limit of the WSD to transmit which is defined for different concerned authorities. 

It is dependent on the noise power and other signal to interference limiting factors. For this 
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case, let’s take the approximated values of minimum median field strength (dB μV/m) for 

the primary system given in table below. 

Table 3.3. Minimum median field strength values [53] 

 

EWSD= Emed-Rp+RFB       (3. 17) 

Where EWSD is allowed maximum field strength for WSD 

 Emed is minimum median field strength 

 Rp is DTT receiver protection ratio 

 RFB is DTT receiver’s front to back ratio 

After this step, the next analysis will be deciding the propagation model it intends to use, 

depending on the antenna height of the white space device. If it is using TM-91-1 pathloss 

model, the separation distance is being analyzed by the formula: 

𝐷𝑠𝑒𝑝 =
1.085√ℎ1ℎ2 √𝑃𝑊𝑆𝐷

4  

10𝑒𝑥𝑝 (
𝐸𝑊𝑆𝐷

40
)

       (3. 18) 

Where, h1 and h2 are antenna heights above mean sea level  

 Dsep is separation distance and 

 PWSD is the power of a WSD in Watt which is ERP 
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The separation distance is then concluded to have this value. For antenna heights above 

average terrain above 10m, ITU-R P.1546-5 pathloss model is used with 50% of location 

and 1%-time percentage. For this model, the minimum receivable field strength value, 

which is different for different incumbent service providers, is used. For this specific case, 

let’s consider a protection ratio of co-channel=17dB and adjacent channels to be -36dB 

[54]. From EWSD value taken from equation 3.16. the interpolated result for separation 

distance is given by: 

𝑑(𝐸𝑊𝑆𝐷) = 𝑑𝑖𝑛𝑓 +
(𝑑𝑠𝑢𝑝−𝑑𝑖𝑛𝑓) 𝑙𝑜𝑔(

𝐸𝑊𝑆𝐷
𝐸𝑖𝑛𝑓

)

𝑙𝑜𝑔(
𝐸𝑠𝑢𝑝

𝐸𝑖𝑛𝑓
)

     (3. 19) 

 d is the distance in km 

The calculation is not necessarily interpolation only. There may be extrapolation is the 

parameters are not adjusted between given values in model as given in [43]. The next step 

is incumbent coverage radius. 

Incumbent contour radius 

It is the distance from incumbent transmitter to the DTT receiver which is receiving the 

minimum receivable TV signal. The minimum receivable field strength by the DTT 

receiver to give visible image on the TV is determined by different formulas. But for this 

specific case let’s consider the following case. At half power beam width, the normalized 

value field strength for the incumbent antenna is given to be 0.707. If this value is squared 

and multiplied with maximum ERP of the DTT transmitter, radial ERP value will be found. 

Then this value is referenced to 1kW ERP and subtracted from minimum median field 

strength value given in Table 3.2. to obtain radial field strength of the incumbent system. 

This radial field strength value is then used to calculate incumbent contour radius. Since 

the propagation model used is ITU-R P.1546-5 here also, the interpolation and/or 

extrapolation, as per the parameters used, is used to find the radius with the following 

formula. 
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𝑑(𝐸𝑟) = 𝑑𝑖𝑛𝑓 +
(𝑑𝑠𝑢𝑝−𝑑𝑖𝑛𝑓) 𝑙𝑜𝑔(

𝐸𝑟
𝐸𝑖𝑛𝑓

)

𝑙𝑜𝑔(
𝐸𝑠𝑢𝑝

𝐸𝑖𝑛𝑓
)

      (3. 20)  

Where: Er is radial field strength of the incumbent system, as calculated above and d(Er) is 

contour radius as interpolated for a given field strength. 

Generally, the calculation engine calculation results of contour radius should be saved on 

the database. The database also had better has geographical location data of each DTT 

transmitter. When a secondary device is placed in any arbitrary place and request for 

operation, in addition to sending its geographical location and antenna height above ground 

level to the database calculation engine, it sends also its ID and ERP of 36dBm. The 

calculation engine is then able to find the DTT transmitters under the affection area of the 

WSD. For the WSD, the area under which it affects the primary system, is determined to 

be radius of 150km. Transmitters under this radius are identified by the geographical 

locations of the white space device and DTT transmitter locations saved in the database 

and Haversine formula, which is given as below.  

D=2r arcsin √ℎ𝑎𝑣𝑒𝑟𝑠𝑖𝑛𝑒(𝜑2 − 𝜑1) + 𝑐𝑜𝑠(𝜑1) 𝑐𝑜𝑠(𝜑2) ℎ𝑎𝑣𝑒𝑟𝑠𝑖𝑛𝑒(𝜆2 − 𝜆1) (3. 21) 

Where ϕ1,ϕ2: latitude of point 1 and latitude of point 2 

λ1, λ2: longitude of point 1 and longitude of point 2 

and 

haversine (θ)=sin2(
𝜃

2
)        (3. 22) 

After the interfering transmitters are identified, the next step is taking in the incumbent 

contour radius of these transmitters from the database and calculating the distance between 

WSD and these DTT transmitters using Haversine formula. This distance should be saved 

in the database, let’s assume a variable DWSD for our case. Then the separation distance 

calculated and it is compared with the subtraction result of incumbent contour radius from 

DWSD. Then the decision whether the channel in that incumbent transmitter and adjacent 

channels are free or not, is made depending on this comparison result. If the separation 
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distance is less than the difference, the channel will be available. Otherwise, no channel 

will be free. 

 

Figure 3.5. Illustration of WSD and DTT Transmitter location  

The calculation engine is simplified by the flowchart shown in figure 3.6 where it works 

on the model of white space device placement and DTT transmitter location as shown in 

figure 3.5 above. The test point is selected at a place near Tulu Dimtu, shown in figure 3.7. 

 

Figure 3.6. Calculation Engine Flow Chart 
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Figure 3.7. Test point for WSD (adapted from Google Earth) 

3.7. Capacity and Spectral Efficiency of TV White Space 

The spectral efficiency of the white space device system is determined by considering 

WSD transmitter and taking some factors like signal to noise ratio of a signal at the receiver. 

The receiver may be considered as a customer premises equipment of a BTS transmitter. 

By assuming that the WSD is fixed at one place and transmits at its maximum allowed 

EIRP which is 36dBm. The spectral efficiency is dependent on the pathloss at a receiver 

point [55]. After this loss is analyzed, the SNR is given by: 

𝑆𝑁𝑅 = 𝑃𝑟 − 10 𝑙𝑜𝑔(𝑘𝑇𝐵) − 𝑁𝐹     (3. 23) 

Pr is received power which can be further given by Pr=Pt-Pl and k is Boltzmann constant, 

T is temperature, B is bandwidth and NF is noise Figure. 

After this step, we are going to find the maximum spectral efficiency value to be: 

𝜂 = 𝑙𝑜𝑔2 (1 + 10
𝑆𝑁𝑅

10⁄ ) 𝑏𝑝𝑠/𝐻𝑧     (3. 24) 

For our analysis, let’s take one of the BTS’s of Ethio Telecom located near AASTU as a 

white space system transmitter and a receiver located at AASTU. The calculation 

parameters for pathloss analysis are tabulated below. We have selected Okumura Hata 

model for the pathloss analysis. 
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Table 3.4. Pathloss Analysis Parameters 

Parameters Values 

Pt 36dBm 

Noise power (kTB) -134.95dB 

Noise Figure 10dB 

Frequency 500MHz 

Link distance 2km 

Tx height 10m 

Rx height 1.5m 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1. Pathloss Models 

For the test points selected in the previous chapter, the result in tabulated form for each 

model is shown in the following tables. 

Table 4.1. Result for ITU-R P.1546-5 

Test Points Loss (dB) @ 199MHz Loss (dB) @ 636MHz Loss difference 

Test 118.8694 128.9046 10.035 

TstA 107.4873 117.5233 10.036 

TstB 121.6910 131.9377 10.2467 

TstC 105.2180 115.2081 9.9901 

TstD 112.8448 122.8184 9.9736 

Table 5.1 shows the result after interpolation of empirical data given as a standard for a 

given parameters of HAAT 639.43m, frequencies, 199MHz and 636MHz, time percentage 

and other parameters as given in the previous chapter. The interpolation results in form of 

field strength. So, this need to be changed into pathloss with the following equation. 

L=139.3-E+20log(f) where E is in 𝑑𝐵(µ
𝑉

𝑚
) where f in MHz   (4.1)  

 The average of the loss differences from the above table is then, 

(10.035+10.036+10.2467+9.9901+9.9736)/5=10.0563dB 

For Longley Rice model, the results of analysis using SPLAT! Software is shown in 

different forms. The signal coverage quality and other analyses can be done using this 

software. One result is plotted in figure 4.1 below. 
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Figure 4.1. Longley Rice model Coverage for Furi Transmitter in 50km Radius (adapted from 

Google Earth) 

The report from SPLAT! for one of the test points is given in text form as: 

--==[ SPLAT! v1.3.1 Path Analysis ]==-- 

--------------------------------------------------------------------------- 

Transmitter site: Furi 

Site location: 8.8830 North / 321.3132 West (8° 52' 58" N / 321° 18' 47" W) 

Ground elevation: 2839.00 meters AMSL 

Antenna height: 30.00 meters AGL / 2869.00 meters AMSL 

Distance to Test: 33.83 kilometers 

Azimuth to Test: 105.00 degrees 

Depression angle to Test: -1.7891 degrees 

Depression angle to the first obstruction: -1.7824 degrees 

--------------------------------------------------------------------------- 

Receiver site: Test 

Site location: 8.8042 North / 321.0158 West (8° 48' 15" N / 321° 0' 56" W) 

Ground elevation: 1901.00 meters AMSL 

Antenna height: 1.50 meters AGL / 1902.50 meters AMSL 

Distance to Furi: 33.83 kilometers 

Elevation angle to Furi: +1.4851 degrees 

Elevation angle to the first obstruction: +1.4939 degrees 

--------------------------------------------------------------------------- 

Longley-Rice path calculation parameters used in this analysis: 

Earth's Dielectric Constant: 15.000 

Earth's Conductivity: 0.005 Siemens/meter 

Atmospheric Bending Constant (N-units): 301.000 ppm 

Frequency: 199.000 MHz 

Radio Climate: 5 (Continental Temperate) 

Polarization: 0 (Horizontal) 

Fraction of Situations: 50.0% 

Fraction of Time: 90.0% 

--------------------------------------------------------------------------- 

Summary for the link between Furi and Test: 

Free space path loss: 109.03 dB 

Longley-Rice path loss: 133.70 dB 

Attenuation due to terrain shielding: 24.67 dB 

------------------------------------------------------ 
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Table 4.2. Analysis Results of Longley Rice Model for Different Points 

Points Distance from 

Tx. in km 

Loss @ 199MHz 

in dB 

Loss @ 636MHz 

in dB 

Loss Difference 

Test 33.83 133.70 150.27 16.57 

TstA 17.02 103.10 113.22 10.12 

TstB 41.09 152.05 186.16 34.11 

TstC 13.57 101.10 111.14 10.04 

Table 4.3. Matlab analysis results of pathloss models 

Pathloss 

Model 

Test 

Points 

Loss @ 199MHz 

(dB) 

Loss @ 636MHz 

(dB) 

Loss Difference (dB) 

Okumura 

Hata 

Test 139.0861 149.2291 10.143 

TstA 128.5725 138.7155 10.143 

TstB 142.0557 152.1987 10.143 

TstC 125.1183 135.2613 10.143 

TstD 134.9599 145.1029 10.143 

Egli Test 272.1509 282.2430 10.0921 

TstA 260.2121 270.3042 10.0921 

TstB 275.5232 285.6153 10.0921 

TstC 256.2897 266.3818 10.0921 

TstD 267.4654 277.5575 10.0921 

Hata 

Devidson 

Test 146.6601 159.5654 12.9053 

TstA 131.7376 144.6429 12.9053 

TstB 152.7581 165.6634 12.9053 

TstC 129.3978 142.3031 12.9053 

TstD 139.3560 152.2613 12.9053 
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In graphical form, it is modeled in figure 4.2 a & b. 

(a) 

(b) 

Figure 4.2. Pathloss Model Results (a) & (b) 
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From these results, we can compare the models to best describe the TV transmission in 

different frequency ranges. For the first three models modeled with Matlab, their variation 

with frequency is given in figure 4.3. 

 

Figure 4.3. Variations of Pathlosses for VHF and UHF 

From this graph we can see that the difference is minimum for ITU-R P.1546-5 model. 

For Longley Rice model, the average of the differences for different test points is given to 

be: 

Laverage=(16.57+10.12+34.11+10.04+20.56)/5=18.28dB 

From the given models, looking at the values of differences in loss at different frequencies, 

small variations are observed at Egli’s model, Okumura Hata model and ITU-R P.1546-5 

models. There is insignificant difference among the three. So, we can use another 

parameter for further selection. Egli’s Model has limitation for distances longer than 40km. 

Okumura Hata model also has limitation in considering real terrain set up of different 

locations. It simply considers Urban, Sub-urban and Rural type of areas. So, the best model 
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to represent TV signal for Ethiopian terrain case, taking Furi site for TV transmission, is 

ITU-R P.1546-5 Model. This means, the next analysis will be done with this propagation 

model. 

4.2. TV White Space Free Channels 

The following table shows the free channels and contiguous bandwidth, when a WSD is 

put at the test point. Values which are obtained when a WSD is assumed to be put at the 

DTT transmitter location are also included. This is the worst-case scenario in which cases 

the WSD may not be placed at those locations in other situations. 

Table 4.4. Free Contiguous Bandwidth 

Site Name (a 

site where 

WSD is 

assumed to 

be put) 

Channels of 

transmission 

at the site 

Number 

of 

Occupied 

Adjacent 

Channels  

Number 

of 

Occupied 

Co-

channels 

TV White 

Space 

Contiguous 

Bandwidth 

(MHz) 

Furi 5 3 3 440 

Furi 7 3 3 440 

Harar 7 3 3 440 

Dire Dawa 5 2 3 440 

Jijiga 11 2 3 440 

Nazireth 11 1 3 440 

Dessie 9 2 3 440 

Jimma 5 2 2 448 

Nekemte  9 1 1 456 

Shashemene 5 2 3 440 

Dila 11 3 4 432 

Gondar 7 1 3 440 

Bahirdar 5 1 2 448 

Mekele 7 5 7 408 

Axum 9 3 5 424 

Assosa 11 2 2 448 

Gode 9 2 2 448 

Adi Remest 35 1 2 448 

Ankober 34 1 2 448 

Assosa 60 2 2 448 

Debark 57 2 4 432 

Dessie 48 2 3 440 

Dila 29 3 4 432 

Kebridahar  24 1 1 456 
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Fiche 50 1 2 448 

Furi 42 3 3 440 

Gore 50 1 1 456 

Jijiga 43 2 3 440 

Jimma 45 2 2 448 

Jinka 46 1 1 456 

Kuni 35 1 2 448 

Maichew 54 3 4 432 

Nefas 

Mewcha 21 1 3 

440 

Shebel  28 1 1 456 

Tendaho 43 1 1 456 

Weldia 25 1 3 440 

Nekemte 38 2 4 432 

Gode 28 2 2 448 

Mekele 54 5 7 408 

Axum 51 3 5 424 

Dire Dawa 42 2 3 440 

Mega 53 1 1 456 

Choke Terara 32 1 2 448 

Abiy Adi 24 4 7 408 

Amentila 40 4 6   416 

Derba 34 1 3 440 

Warder 47 1 1 456 

Filtu 41 1 1 456 

Adigrat 51 3 5 424 

Ginir 45 1 1 456 

Dellomena 40 1 1 456 

Fik 51 1 1 456 

Maji 36 1 1 456 

Guba 23 1 1 456 

Yabello 50 1 1 456 

Samre  47 5 6 416 

Bella/Ghimbi  24 1 1 456 

From the above table we can observe that the at least 51 channels from 58 dedicated 

channels for TV transmission are found free. This gives 408MHz free contiguous 

bandwidth. This is a very large bandwidth which can further be used for different services. 

Figure. 4.4. shows that 47% of occupied adjacent channels have only one occupied channel, 

while it is 28% for occupied co-channels. Almost 80% of occupied channels are not beyond 

three. So, we can conclude that, 80% of the incumbent channels have a minimum of 55 
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free channels or 440MHz. This a very significant value to use the vectorized approach of 

geolocational database system for calculation engine. And this implies also, Ethiopia has a 

good potential of TV white space. 

 

Figure 4.4. Occupied Channels and Their Respective Percentage  

4.2. TV white Space and Incumbent System Co-existence 

The minimum field strength is calculated to be Emin=49.74dB(µV/m). For this field strength 

value and other given parameters, the coverage contour will be at a distance of 36.28km. 

For keep out distance calculation HAAT of 25m is used for the same frequency, 610MHz. 

The field strength value is calculated to be 69dB(µV/m) for co-channel. Then the keep out 

distance is 5.396km for co-channel. For adjacent channel, the field strength is 

104dB(µV/m). This value declares that the distance from the contour coverage for adjacent 

channel is 140m. It is very near to the coverage contour of the DTT transmitter. 

The values show that to use a co-channel by the white space device, it must be separated 

with larger separation distance than adjacent channels. As shown in the coverage map, there 

is sufficient gap for the WSD and DTT transmitter coverage contour. Thus, their 
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coexistence is determined by the keep out distance which should be calculated as in the 

formula above. For the site at Bedi, which is operating at frequency 610MHz, the WSD 

should be placed at 5.396km and 140m away from the contour coverage of 36.28km, in 

order to reuse the adjacent channels of channel number 38 and the channel 38 itself 

respectively. These distance values of keeping the WSD are the least allowed distances, 

below which the WSD causes interference to the incumbent system, as shown in figure 4.5. 

 

Figure 4.5. Contour coverage and keep out distance (adapted from Google Earth) 

With acceptable value of antenna height, 10m AGL, each transmitter has the following 

keep out distance values. 

Table 4.5. Keep out Distances of DTT Transmitters for Ethiopian case 

 

Site Name 

Channel 

of the 

site 

Adjacent 

keep out 

Distance 

(km) 

Co-

channel 

keep out 

Distance 

(km) 

Furi 5 0.1515 7.9684 

Furi 7 0.1507 7.9256 

Harar 7 0.1507 7.9256 

Keep out distance 

Contour coverage distance 
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Dire Dawa 5 0.1515 7.9684 

Jijiga 11 0.1495 7.8614 

Nazireth 11 0.1495 7.8614 

Dessie 9 0.1500 7.8904 

Jimma 5 0.1515 7.9684 

Nekemte  9 0.1500 7.8904 

Shashemene 5 0.1515 7.9684 

Dila 11 0.1495 7.8614 

Gondar 7 0.1507 7.9256 

Bahirdar 5 0.1515 7.9684 

Mekele 7 0.1507 7.9256 

Axum 9 0.1500 7.8904 

Assosa 11 0.1495 7.8614 

Gode 9 0.1500 7.8904 

Adi Remest 35 0.1496 7.8669 

Ankober 34 0.1495 7.8612 

Assosa 60 0.1526 8.0294 

Debark 57 0.1523 8.0086 

Dessie 48 0.1511 7.9478 

Dila 29 0.1489 7.8340 

Kebridahar  24 0.1485 7.8096 

Fiche 50 0.1513 7.9610 

Furi 42 0.1504 7.9092 

Gore 50 0.1513 7.9610 

Jijiga 43 0.1505 7.9155 

Jimma 45 0.1507 7.9282 

Jinka 46 0.1508 7.9347 

Kuni 35 0.1490 7.8392 

Maichew 54 0.1519 7.9880 

NefasMewca 21 0.1482 7.7967 

Shebel  28 0.1488 7.8288 

Tendaho 43 0.1505 7.9155 

Weldia 25 0.1486 7.8142 

Nekemte 38 0.1499 7.8846 

Gode 28 0.1488 7.8288 

Mekele 54 0.1519 7.9880 

Axum 51 0.1514 7.9677 

Dire Dawa 42 0.1504 7.9092 

Mega 53 0.1517 7.9812 

ChokeTeraa 32 0.1489 7.8500 

Abiy Adi 24 0.1485 7.8096 

Amentila 40 0.1501 7.8967 

Derba 34 0.1495 7.8612 

Warder 47 0.1510 7.9412 
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Filtu 41 0.1502 7.9029 

Adigrat 51 0.1515 7.9677 

Ginir 45 0.1507 7.9282 

Dellomena 40 0.1501 7.8967 

Fik 51 0.1515 7.9677 

Maji 36 0.1497 7.8727 

Guba 23 0.1484 7.8051 

Yabello 50 0.1513 7.9610 

Samre  47 0.1510 7.9412 

Bella/Ghimi 24 0.1485 7.8096 

From this table, the variation of keep out distances, with variation of frequency from 

channel 5 to channel 60 or 178MHz to 786MHz, doesn’t show a big difference. The 

difference is in a range of decimal points. There is also a geometric variation. This 

characteristic is noticed in the graph of frequency versus keep out distance for different 

height values. 

Keep out distance is more sensitive to WSD antenna height, where it varies from 2km for 

1.5m antenna to 7km for 30m antenna, than frequency. Therefore, the deployment of TV 

white space system should be more concerned for antenna heights of the WSD. As it can 

be seen from figure 4.6, the most determining factor in TVWS system deployment is 

antenna height. 

 

 

 

 

 

(a) 



63 

 

(b) 

Figure 4.6. Keepout Distance for Different Antenna Heights (a) & (b) 

4.4. Capacity and Spectral Efficiency 

The loss at the given parameters is 118.0820dB. For this value, the received power will be 

36dBm-118.0820dB=-112.082dB. Then, the SNR is 12.868dB. From this specific value of 

signal to noise ratio, the capacity will be given by: 

𝐶 = 8𝑀𝐻𝑧 ∗ log2(1 + 12.868)=30.32Mbps  

And the spectral efficiency will then be η=log2(1 + 1012.868 10⁄ )𝑑𝐵 = 4.347bps/Hz. This 

efficiency is very significant value. Continuing the analysis, let’s look at what will happen 

if we vary the frequency. The three assumption values of frequency will be 69MHz, 

194MHz and 615MHz, for median frequencies of low VHF, high VHF and UHF. 
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Figure 4.7. Spectral Efficiency for Different Frequencies 

The graph in figure. 4.7. shows that there is a high spectral efficiency for shorter distances 

which can have values greater than 30bps/Hz. For the frequency variation, using UHF 

results in somewhat better spectral efficiency than using VHF. 

For the purpose of comparison with mobile broadband capacity of 3G or HSPA and LTE, 

let’s take the theoretical assumptions of these technologies. The assumption also includes 

no MIMO technology for all. For the TV white space or White-Fi technology one free 

channel of 8MHz is assumed to be dedicated for one user. The theoretical maximum values 

of the LTE and HSPA, assumed the downlink case, are compared with the TV white space 

maximum capacity, assuming transmitted power is all received. Transmitted power is 

36dBm for white space, 35dBm for HSPA and 21.2dBm for LTE. The antenna height is 

assumed to be 10m. 
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Figure 4.8. Throughput comparison of TVWS with other Technologies 

This comparison result shows that there is high capacity of white space for broadband 

internet to be exploited. As it can be seen from figure 4.8, its potential is theoretically 

greater than even from LTE release 8. 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

For proper modeling of TV signal propagation, different pathloss models are compared, 

which are valid for terrestrial television transmission frequency range. The comparison was 

by their response to the variation of transmission frequency from VHF to UHF. For the mid 

frequencies taken to represent the VHF and UHF in Ethiopian terrestrial TV transmission, 

ITU-R P.1546-5 is found to be the best model in showing the least response for this 

frequency variation. This propagation model is then used in analyzing the coverage of the 

primary system. 

The calculation engine in geolocational database system of channel availing algorithm has 

been developed procedurally. The result of the calculation engine gives significant number 

of free channels for secondary use. For worst cases, taken by selecting the incumbent 

transmitter to be a place of the white space devices, 80% of the incumbent channels have 

a minimum of 55 free channels or 440MHz. This a very significant value to use the 

vectorized approach of geolocational database system for calculation engine. Also, a 

minimum of 51 channels are found free. Considering these channels provide contiguous 

bandwidth, there will be 408MHz bandwidth. This value implies that 88% of the TV 

channels or the spectrum dedicated for terrestrial TV transmission is free for secondary 

use. It indicates also that Ethiopia has higher potential to be utilized than other countries, 

like South Africa and United Kingdom. 

The keep out distance, where the WSD should be placed away from the contour coverage 

has been found to be different for adjacent channel and co-channel use cases. In addition 

to this difference, it shows a variation difference for different parameters. Frequency affects 

the keep out distance less than the WSD antenna height. This characteristic should be 

considered in planning the deployment of secondary system. The spectral efficiency of the 

TV white space system, considering one specific point shows it is around 5bps/Hz. This 

value increases up to more than 30bps/Hz. For the setup of parameters to compare TVWS 
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capacity with LTE and HSPA, it is found that we can have a capacity of 55.81Mbps, which 

is more than the two. This indicates that there is high potential for secondary use in the 

under-utilized terrestrial frequency range. Finally, we can conclude that there is sufficiently 

high amount of free spectrum for secondary use in Ethiopia, if the secondary device is kept 

in a non-interfering distance away from the incumbent coverage. 

5.2. Recommendation 

From the cognitive radio techniques, this thesis focuses on geolocational database system 

and we recommend that other works can be done based on spectrum sensing or beaconing. 

Out of the geolocational database implementation methodologies also, this thesis is done 

for vectorized approach. Using whether degradation of location probability or CNIR 

threshold approach further analyses can be done. This thesis doesn’t include detailed cost 

analysis. The real cost of deployment and detailed planning analyses can be done as a future 

work. 
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