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Abstract 

The demand of bandwidth has increased in recent years with the advent of new technologies in wireless 

communication systems along with the rise of traffic flow. This has resulted the radio spectrum into a 

scarce entity. However, recent measurements suggest that some part of the licensed spectrum is not 

efficiently utilized due to static spectrum allocation. TV broadcast systems operating in licensed UHF 

band of radio spectrum is one of the examples. So to increase the spectral efficiency, the TV band which 

is the licensed spectrum, can be shared with the secondary users that are the license-exempt ones with 

cognitive radio system. After the ruling of FCC that allows unlicensed devices to operate in the ‘unused’ 

portions of TV bands known as TV Whitespace, other countries have also shown similar interests and 

there are significant works going on in this field. Among these works, there are some that have 

proposed analytical method for finding the permissible power required for the secondary users in TV 

Whitespace. Such analytical methods are meant to provide permissible power levels to secondary users 

such that there is no harmful interference from such license-exempt ones to the primary system. These 

recent works considers either co-channel interference constraint or the adjacent channel interference 

constraint only while devising the analytical method. Such analytical approach considers only one 

interference constraint and assumes the other one to be negligible. In other words these works have 

assumed one of the interference constraints as the dominating one and at the same time the other 

interference to be negligible. There is no verification of a dominating interference in such cases and the 

fact if such assumed interference constraint is the one that causes the damage to the primary system. 

In this research project, specific scenarios constituting of several parameters are used to determine the 

dominating interference from the secondary users in TVWS. Along with it, this project also finds if such 

dominating interference causes the damage in the TV reception and where if any. Since such finding 

could be dependent on the scenario of secondary system, the interference behavior is also analyzed by 

varying the height of secondary user transmitter and its density. Finally there is also a comparison 

between two power allocation methods employed for the secondary users to look into the fairness in 

allocating the permissible power. The dominance is evaluated in terms of the ratio of co-channel and 

adjacent channel interference being greater than a specific reasonable value. The damage is evaluated 

in terms of violation of minimum threshold requirement for acceptable and smooth reception of 

primary system receivers. Here the results indicate that such dominance changes along the radial 

distance of the primary system’s coverage where the co-channel interference is found to be dominant in 

the boundary and the region closer to the boundary. And adjacent channel interference is found to be 

dominant in the region closer to the primary transmitter. The dominance is not obvious for the region in 

between these two dominating areas. The result shows that considering co-channel interference 

constraint only ensures the protection requirement but the permissible power with such constraint is 

much lower than the permissible power obtained with adjacent-channel interference constraint only.  

The variation in height of secondary users indicates that with the decrease in secondary user height the 

adjacent channel interference dominating region increases and with the increase in secondary user 

height, the co-channel interference region increases. However there is no change in interference 

behavior with the change in secondary user density. Also the constant power allocation method is seen 

to be the fair one among the two power allocation methods used. 
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Chapter 1: Introduction 

1.1 Introduction 

In the recent years, wireless communication systems have developed rapidly. The various types of 

services provided by the wireless networks are growing significantly causing huge volume of traffic flow.  

This has resulted into the ever-increasing demand of wireless spectrum. So the Radio Spectrum has now 

become a scarce entity. Today, most part of the existing usable spectrum has been already licensed. So 

the task of accommodating the demand of bandwidth with such less available spectrum is challenging.  

 

However, some measurement reports such as CEPT Report 24 [1] and [2] suggest that some part of the 

spectrum is not efficiently utilized due to static or fixed spectrum allocation. Static spectrum allocation is 

commonly practiced today which is a conventional way of managing spectrum resources that ensures 

minimal interference levels between spectrum licensees. Hence such inefficient utilization of fixed 

spectrum allocation means that some licensed primary system may have low spatial or temporal usage 

which greatly decreases the spectral efficiency. For example Television Broadcast services that operates 

in licensed channels in VHF and UHF portions of the radio spectrum. So rather than fixed spectrum 

allocation, dynamic spectrum access can be used in order to completely utilize the spectrum. Such 

dynamic approach of managing the spectrum requires two classes of spectrum users. They are Primary 

users and Secondary users. The primary users are the ones that possesses license for the use of 

particular frequency band. Secondary users are the license-exempt ones i.e. the unlicensed users. 

Primary users can always access the spectrum whereas the secondary users could use the spectrum only 

if it does not generate harmful interference to the primary system. 

To achieve such spectral sharing between the licensed and license-exempt system, Cognitive Radio [3] 

has been proposed. Significant research works are going on based on it and many publications can be 

found related to this subject. Cognitive Radio consists of reconfigurable radio-platform i.e. the Software 

Defined Radio (SDR) including a cognitive engine that has the capability of sensing and reacting to the 

radio environment. 

After the recent ruling by the FCC in 2008, that allows unlicensed devices to operate in significant parts 

of TV bands [4] [5], other countries around the world have shown interest in similar consideration. For 

example, license-exempt cognitive access in the licensed band is also promoted by the Ofcom, UK [3]. 

This ruling by FCC means that the unlicensed devices such as cordless phones, wireless routers etc. are 

permitted to transmit in the “unused” portions of the TV bands known as TV whitespaces (TVWS).  

TV whitespaces are the holes or the vacant channels that exist in the TV band at a given time in a given 

geographical area. This ‘unused’ portion of the spectrum can be found due to mechanism of 

interference planning scheme of the primary services or due to the digital switchover from analogue 

transmission. And the devices that can use White Space Spectrum without causing harmful interference 

to protected services (primary system) and accessing it through cognitive capabilities are called the 

White Space Devices (WSD) [6]. TV white space is considered good candidate for license-exempt or 
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secondary cognitive access mainly because of the favorable propagation characteristics in the TV band 

(470-790 MHz).  

 

Secondary access system of Cognitive Radio in the TV band can be successfully employed by the ability 

of the secondary system to identify the TVWS and avoid harmful interferences from the WSDs to the 

licensed primary system as Digital TV system. The regulatory authorities such as FCC and Ofcom have 

both considered three methods in this case to avoid harmful interference to the incumbent service by 

the cognitive devices. They are Beacons, Sensing, and Geo-location combined with access to a database 

[3] [6]. Along with other techniques, the authorities mandate the use of Geo-location combined with 

access to a database as this method has been considered the best short-term solution for incumbent 

(primary service) detection and interference avoidance [3]. 

In ‘Geo-location combined with access to a database’ method, the WSDs report its location to the ‘Geo-

location database’ which then notifies the WSD with the available frequency channel that can be used 

and the maximum permissible transmission power level with which the WSD can transmit. This 

secondary access scheme requires an analytical method that the database could use to perform the 

calculation for finding such power levels based on the location of the WSDs. There are some recent 

works [6] [7] [8] that proposes the required analytical method to determine the transmission power 

levels for the WSDs based on its location. This thesis project uses these already established analytical 

method described to analyze the interference generated from the secondary users in TVWS. 

 

 

1.2 Motivation    

ECC Report 159 [6] describes an analytical method to obtain such available frequencies and maximum 

permissible transmission powers for WSDs. However, this analytical approach does not account for 

cumulative interference from multiple WSDs that can potentially be present in given geographical 

region. Even for a single WSD which is present in the same geographical pixel as the victim DTT receiver, 

precise spatial separation between them cannot be known, and reference coexistence geometry is 

assumed for that. This reference geometry may not always provide reliable results and the maximum 

permitted EIRP level may be pessimistic at times. So there is requirement for obtaining analytical 

method for calculating maximum permissible transmission power levels for multiple Secondary Users 

(SUs) that are deployed over a geographical area in TVWS. As mentioned before, the ECC Report 

describes the analytical methodology to obtain the maximum EIRP level for a single WSD only. However 

recent works such as [7][8] have proposed analytical method to calculate the allocation and 

optimization of power in the presence of multiple secondary users, but limited to co-channel 

interference (CCI) constraint only. This means that such analytical methods only consider the CCI from 

relatively far-away secondary users (SU) but do not consider adjacent-channel interference from the SUs 

that may be present in the same or nearby geographical pixel. This case of taking only CCI constraint into 

consideration might be reasonable if the number of channels available to the database would be very 

few. But in the TVWS there is a possibility of channel allocation to a secondary user among the 40 

channels (470 to 790 MHz) of each 8 MHz. This suggests that in a multiple secondary user (SU) 

deployment scenario, there is a significant probability of finding secondary users operating in the 
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adjacent channels with respect to the victim pixels and geographically located very close to it. So 

multiple SU in a given geographical pixel can cause aggregate adjacent channel interference (ACI) to a 

victim DTT receiver in that pixel, which may be harmful. In [9] the result suggests that there is an 

aggregate effect for the ACI received in different adjacent channels accessed by multiple simultaneous 

SUs. Moreover, the result suggests that maximum permissible received interference power in each 

adjacent channel decreases linearly if the number of adjacent channels used by the WSDs is increased.   

 

So there are two things which cannot be ignored while devising the aforementioned analytical method 

for calculating the permissible power for secondary access. The first is the aggregate effect of the 

interference generated from the secondary users at any given channel deployed very close to the victim 

pixel. This is done through fulfillment of protection ratio requirement.  The second one is the aggregate 

effect of SUs over different adjacent channels. This means that weighted sum of the power from all 

adjacent interferers or equivalent co-channel interference must be kept within a limit. Hence the 

aggregate effect of ACI cannot be ignored. But as mentioned before [7] and [8] and much recent works 

have only considered the CCI constraint for proposing the analytical method of calculating maximum 

permissible power levels of the WSDs. On the other hand [10] considers ACI constraint only for 

proposing the similar analytical method for the WSDs. Firstly, there is a need for obtaining an analytical 

methodology to calculate the maximum permitted EIRP of the multiple SUs based on both ACI and CCI 

generated by them at the same time. But due to the different characteristic of ACI (adjacent channel 

interference) and CCI (co-channel interference) constraint, it is almost impossible to solve and obtain an 

analytical method satisfying both the constraint. 

Now, as it is proposed in [7] or [10] only CCI or only ACI constraint could be considered to determine the 

analytical method of finding the permissible power required for the WSDs in TVWS. But this means that 

while considering (for example) CCI constraint only, the aggregate effect from the ACI should be 

negligible. This is the assumption that these recent works have made while proposing such analytical 

methods. Here [7] [8] assumes that ACI is negligible and so it considers CCI only whereas [10] assumes 

CCI to be negligible and considers ACI only. Here, it can be said that [7] [8] considers CCI as the 

dominating interference whereas [10] considers ACI as the dominating interference. This suggests that, 

for CCI to be the dominating one, the aggregate CCI from all the SUs should be generally greater than 

the aggregate ACI from all those SUs. Moreover, the dominating interference, being the greater one 

causes more impact to the TV reception. So for example, a dominating aggregate CCI could harm the TV 

reception in terms of ‘Picture Failure’ (number of detected picture artifacts in a defined period), ‘Audio 

Failure’ (number of detected audio errors in a defined period) or ‘Bit Error Rate’ whereas the effect of 

aggregate ACI is negligible.  

These recent works assumes either one of the interferences being the dominant one and proposes the 

required analytical method. However, there is a need of verification if CCI is dominating one in [7] [8] or 

ACI is the dominating one in [10]. Only after such verification, these proposed analytical method could 

be implemented by the ‘Geo-location and database’ in order to maintain smooth TV reception without 

any harmful interference. 
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1.3 Problem Formulation 

It is necessary to find the dominating interference if any analytical method is based on the consideration 

of only one interference constraint (either ACI or CCI). Moreover such analytical method considers a 

particular secondary access scenario along with a particular type of power allocation scheme. Here a 

secondary access scenario constitutes a set of parameters with respect to SUs deployment in the 

system. These set of parameters could be the height of the SUs, its density and others. So a particular 

secondary access scenario could be consisting of SUs with a particular height, density and so on. Hence, 

there are different scenarios based on which the SUs could be deployed. And each of those scenarios 

could yield different possible dominating results. As mentioned before [7] and [8] have considered a 

particular scenario to calculate analytically the maximum permissible power based on CCI constraint 

only. Similarly [10] considers a different scenario to propose the analytical approach based on ACI 

constraint only. On the other hand, the verification or the finding of the dominance may not be enough. 

It is also desirable to know if such dominating interference causes most damage or harm to the TV 

reception and where is that harm mostly found in the coverage area? So the research problem can be 

stated as follows 

 

 Which is the dominating interference? Where is the harm or damage done to the reception? 

Who is causing it? 

 How does the interference behavior changes with different height and density of SUs? 
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Chapter 2: Background 
 

2.1 Software Defined Radio, Cognitive Radio 

The idea of Software Defined Radio (SDR) was first originated by Joseph Mitola in the early 1990s [11]. 

Unlike the traditional radios, SDRs consists of RF Front End, ADC (Analog to Digital Conversion), DAC 

(Digital to Analog Conversion), DDC (Digital Down Conversion), DUC (Digital Up Conversion) and 

Baseband processing along with a software controlled tuner [12]. First the baseband signals are 

converted into digital forms through ADC. Then the signal is fed into a reconfigurable device such as 

FPGA, DSP or PC for modulation/demodulation. Since the modulation scheme can be reconfigured, it is 

called a SDR. Due to the software controlled mechanism, it introduces greater flexibility too such as the 

capability to change channel assignments, transmission parameters, communication protocols or to 

change the communication services. 

Cognitive Radio (CR) is conceptually the extension of SDR again introduced by Mitola. Here along with 

the SDRs, ‘intelligence’ is also present. So CRs are basically the SDRs which consist of intelligence 

capable enough to sense and react to their environment. In other words, as mentioned in [3], CRs 

consists of Cognitive (CE) and a SDR. The CE is the set of algorithms and toolboxes for radio-environment 

sensing, machine learning, and reasoning and decision making. The SDRs are the configurable radio-

platform which functions whatever instructed by the CE. According to ITU-R Report SM.2152 [13], a 

Cognitive Radio System (CRS) is defined as ‘a radio system employing technology that allows the system 

to obtain knowledge of its operational and geographical environment, established policies and its 

internal state; to dynamically and autonomously adjust its operational parameters and protocols 

according to its obtained knowledge in order to achieve predefined objectives; and to learn from the 

results obtained.’ An ideal CR is assumed to know most of the parameters such as the user 

requirements, the network requirements, the capability of the radio device and the external 

environment, including the radio environment. And based on such knowledge, it could plan ahead and 

perform legitimate action to allocate the most suitable part of the spectrum, power, modulation scheme 

etc. It may also manage these resources to meet the user demands and service availability. However the 

ideal CR is in the early stage of development and the research is still going on. 
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Figure 2.1: Logical diagram contrasting traditional radio, software radio and cognitive radio (source: [14]) 

2.2 TV Whitespaces 

According to CEPT Report 24, ‘White Space’ is a label indicating a part of the spectrum, which is available 

for a radio communication application (service, system) at a given time in a given geographical area on a 

non-interfering /non-protected basis with regard to other services with a higher priority on a national 

basis.’ So TV white spaces are the spectrum holes in the radio spectrum of TV broadcasting services 

which is mostly the VHF and UHF band. These holes or the vacant channels exist in the TV band because 

of the following reasons. 

First, due to the interference planning scheme of the broadcasting service, there are number of TV 

channels in a given geographic area that are not being used by the TV stations. This means that the TV 

stations cannot operate in that particular geographical area in a given channel (mostly immediate 

adjacent channels) without causing interference to co-channel or adjacent channel TV stations. 

Second, is due to the Digital Switchover. Most developed countries are in the phase of converting from 

analogue to digital TV transmission. This Digital Switchover will leave a portion of TV channels become 

entirely vacant due to the higher spectrum efficiency of Digital TV.  

These vacant TV channels existing due to such reasons are referred to as TV White Spaces [3]. Since 

these TV White spaces are scattered in the spectrum, it demands the secondary usage of these holes 

through Cognitive access so that the licensed or the primary system remains protected. Hence Cognitive 

Radio access to TV White Spaces is the current state of the art technology which is under research and 

standardization phase. And this research proposal will try to address a smaller part of this mentioned 

research area. 
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TV white space is considered good candidate for license-exempt cognitive access because of the 

following reasons. 

First, the propagation characteristics in the TV bands (470-790 MHz) are considered better as it leads to 

greater range and better building penetration [15]. Second, the usage behavior of the spectrum in this 

band is relatively static with respect to location of radio station, transmit power and frequency due to 

use of TV broadcasting service only in these bands [16]. Third, the 6 or 8 MHz bandwidth (per channel) is 

more attractive as compared to the AM or FM bands (10 and 100 KHz) [15]. 

 

2.3 White Space Device 

White Space Devices (WSDs) are the devices that can use White Space Spectrum without causing 

harmful interference to protected services (primary system) and accessing it through cognitive 

capabilities [6]. 

In order to identify the available spectrum and to avoid causing harmful interferences to the primary 

system, the WSDs or the secondary system as a whole employ three methods as mentioned before. 

They are Beacons, Sensing, and Geo-location combined with access to a database [3] [6]. 

 

2.4 Beacons 

Beacons are the control signals that are used to indicate whether a particular channel is vacant or it is in 

use by the incumbent services [6]. Based on the presence or absence of beacon signals, a WSD is 

allowed to transmit. For example if the beacon is detected then the channel can be considered occupied 

and the WSD is not allowed or vice versa. This beacon signal has to be transmitted from a TV station, FM 

broadcast station, or TV band fixed unlicensed transmitter. Hence it suggests that it requires a beacon 

infrastructure in place and should be under constant operation and maintenance by the primary services 

or by the third party. Moreover this method is not considered dominant among the three since the 

signal can be lost due to mechanism such as Hidden Node Problem [3]. 

 

2.5 Spectrum Sensing/Sensing 

In this method a WSD detects the presence of signals of TV service or other relevant incumbent service 

in the entire potentially available channels. Based on this method the devices only use the channels that 

are not used by the TV broadcaster. Proper measurement is conducted within the candidate channel to 

determine the presence of incumbent services. However, this method of autonomous sensing by the 

WSD is not reliable to passive incumbent services like Radio Astronomy (608-614 MHz). So the countries 

having their Radio Astronomy (608-614 MHz) services at these bands cannot be protected by Sensing. 

This method of detecting the signals from incumbent services is also subjected to hidden node problem 

as mentioned before [3] [6]. 
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2.6 Geo-location combined with access to a database 

In this method, the WSDs determines its location (by incorporating accessories like a GPS receiver) and 

accesses a ‘Geo-location’ database to determine which channels or frequencies can be used by them in 

that reported location. The transmission of the WSD is only allowed if they have been allocated a vacant 

channel, if any, by the database. This means that initially the WSDs have to access the database by some 

other means instead of TVWS frequencies. This also implies that the devices need to know their location 

with certain accuracy and there arises a need to build and maintain a database by the regulatory bodies, 

authorities or the commercial entities [3]. 

The WSDs are allowed to transmit only when the interference generated by them does not affect the 

prescribed minimum quality of coverage and reception required for smooth operation of Digital 

Terrestrial TV (DTT) services in the TVWS. This means that the impact of harmful interference received 

on the DTT receiver depends upon the quality of the DTT coverage in the geographical area of interest 

where the DTT receiver is located. This implies that the permissible power limits for the WSDs assisted 

by the database could be increased in areas where the DTT signal to noise plus interference ratio is high 

or the location where the DTT coverage quality is good [15]. 

After the WSD reports its location to the database, the database is responsible for specifying the 

maximum emission levels with which it can transmit. To assure the safety of DTT services from the 

WSDs, the database has to specify the maximum emission limit levels over all available DTT channels 

and in all geographic locations where the DTT service is being used. In order to do so, the database 

needs to access the following information according to the ECC Report: 

 

a) The quality of national DTT coverage to within a suitable spatial resolution. (e.g. 100m Х 100m) 

b) A metric or suitable criterion for quantifying and specifying permissible level of interference to 

the DTT service. 

c) Specified interferer-victim reference co-existence geometries for which the WSD regulatory 

emission limits would result in the specified permitted level of interference. 

d) Appropriate values of WSD to DTT protection ratios that is expressed as a function of interferer-

victim frequency separation and also as a function of received wanted DTT power at the victim DTT 

receiver. 

e) A methodology for deriving appropriate WSD regulatory emission limit over all DTT channels [6]. 

 

As this project follows the power allocation scheme mentioned by this ECC Report in 2.6, below are the 

required metrics explained for it. 

 

2.6.1 Geo-location database and location probability 

The DTT location probability is expressed as the probability of smooth and correct operation of a DTT 

receiver at a specific location. More precisely, it is the probability with which the median wanted signal 

level is appropriately greater than a minimum required value. Location probability is generally used for 

the planning of DTT networks so that it can be used to quantify the quality of coverage. It is generally 

calculated for every 100 m × 100 m (the spatial resolution) pixel across the country. Now when there is a 
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presence of any interferer, it results in the reduction of the DTT location probability. Hence such 

reduction of location probability is the metric that is highly suitable for specifying regulatory emission 

limits for WSDs operating in DTT frequencies.  

 

Let us consider a pixel where the DTT location probability is    in the absence all the interferers other 

than the DTT. Then the location probability can expressed as (in the linear domain) 

 

                                                                          
 
                                    (1) 

 

 

Where       is the probability of event  .    is the wanted DTT signal received power,        is the DTT 

receiver’s (noise limited) reference sensitivity level,      is the received power of the     unwanted DTT 

signal, and      is DTT to DTT protection ratio for the     DTT interferer. Here equation (1) results 

directly from the definition of protection ratio which is expressed as the minimum ratio of wanted signal 

power to interferer signal power (as measured at the input to the receiver) required for the correct 

operation of the receiver.          and each           are modeled as Gaussian random variables in the 

planning of DTT networks. Since equation (1) is in linear, an accurate way of calculating the probability 

   is to use a Monte Carlo simulation. 

 

Here, the location probability    should be calculated via Monte Carlo Simulation. And for that,          

and        are assumed to be Gaussian random variables with medians         and        , and 

standard deviations        and       . According to the ECC Report 159,         and        can be 

obtained by numerical techniques such as Schwartz-Yeh algorithm or Monte-Carlo simulation. So from 

the above approximation and from equation (1) we can obtain a closed form expression of location 

probability as following. 

                                                        
 

 
     

 

  

               

       
        

 
                                             (2)  

This provides a basic idea of finding    in the absence of WSDs but considering other DTT channels 

signals. 

 

Calculation of WSD in-block EIRP considering specific degradation in the DTT location probability:    

 

Now after calculating    it is of interest to find the behavior of DTT operation at some carrier frequency, 

            , where      is the DTT carrier frequency and    is the frequency separation among 

them ( WSD and DTT carrier frequencies). So for the co-channel operation     . 

Let us assume that the WSD radiates with in-block EIRP of    
    over a channel bandwidth of 8 MHz. 

The presence of WSD interferer will certainly decrease the location probability from    to    so that                                             

                                                                                                                                                      (3) 

From (3) we can see that a feasible way to calculate appropriate WSD in-block EIRP is by assuming the 

appropriate amount of degradation that the WSD is allowed make which however does not affect the 
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quality of DTT coverage so much ( i.e. until and unless the coverage quality is much above its minimum 

threshold). Now if G be the coupling gain then the WSD interferer power at the DTT receiver is given by 

the product     
   . As described in (1), we can express (in linear domain) 

 

                                                              
 
             

                                 (4) 

 

Where       is the WSD-BS protection ratio expressed for a given frequency offset. 

The coupling gain G includes path loss, gain of the receiver antenna, as well as the receiver’s antenna 

angular and polarization discrimination. Considering      is a Gaussian random variable with         

and        as its median and standard deviation, the maximum permitted WSD in-block EIRP is given by 

 

        
                                       

        
                            (5) 

 

Where      is the interference safety margin that can be appropriately set by the database to provide 

protection margin to the DTT services,          is the standard deviation that allows a location 

probability    to be achieved, i.e. 

                                                                                                                            (6) 

 

Here,         and        can be computed by numerical techniques or Monte Carlo simulations. 

Based on such analytical calculations, for a given geographical pixel, the database considers all the co-

channel and adjacent channel interference with respect to the victim DTT receiver since all DTT channels 

can be potential victims of a WSD operating in a given pixel. And the critical ones are those that have 

smaller WSD to DTT channel separations and/or those DTT channels that are used by the DTT receivers 

in location close to the pixel where the WSD is operating. So all these cases (or the critical cases) are 

taken into consideration by the database while calculating appropriate WSD EIRP levels [6] [17]. 

 

2.7 Protection Ratio  

It is the minimum value of the signal to interference ratio required to obtain a specified reception 

quality under specified conditions at the receiver input. Usually PR is specified as a function of the 

frequency offset between the wanted and interfering signals over a wide frequency range [6]. So it is the 

minimum ratio of wanted signal power to interferer signal power (as measured at the input to the 

receiver) required for the correct operation of the receiver. 
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Chapter 3: General System Overview 
 

General System Overview 

 

 

 

 

 

 

    

 

 

                                                                                                                                                      

         

                                                                                                                                                           

 

Here figure 3.1 shows a general secondary access scenario in TVWS. The WSDs (ST-SR) that are deployed 

inside the coverage of TV transmitters (PT) act as the secondary users. Here the primary transmitters are 

operating at channel N and channel N+j with certain coverage as shown in the figure. The secondary 

users could be found inside any of these coverage of the primary transmitters as shown in figure 3.1. 

Inside the coverage of the primary transmitter PT1 the SUs are allowed to use the channels other than 

channel N which is used by the primary transmitter. Similarly, the SUs inside the coverage of PT2 use 

channels other than N+j which is used by the primary transmitter. So the SUs inside the coverage of PT1 

uses channel N+j and the SUs inside the coverage of PT2 uses channel N as shown in the figure above. 

Now this particular secondary access in the TV band generates an interference scenario. Here the WSD 

ST1 using channel N+j causes adjacent channel interference (IaN+j) to the victim TV receiver inside the 

PT: Primary Transmitter  

PR: Primary Receiver 

ST: Secondary Transmitter 

SR: Secondary Receiver 

                                                 

                     

                                       

                         

SN 

IaN+k 

IaN+j 

IN 

Secondary Link 

ST3 

(Ch N) 

ST2 

(Ch N+k) 

Ch N+j 

ST1 

 

Primary Link PT1  (Ch N) 

PR1 

SR3 

SR1 

SR2 

PR2 

PT2  (Ch N+j) 

SN+j 

IaN 

IN+j 

Figure 3.1: General system model showing adjacent channel and co-channel interference for an arbitrary 
secondary access scenario in TVWS 
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coverage of PT1. At the same, ST1 causes co-channel interference (IN+j) to the victim TV receiver inside 

the coverage of PT2. Again similar interference scenario can be found for the WSD ST3 that generates 

adjacent channel interference (IaN) to the victim receiver inside coverage of PT2 and co-channel 

interference (IN) to the victim receiver inside the coverage of PT1. Thus, as a whole, a victim TV receiver 

will receive both adjacent and co-channel interference at the same time from the SUs along with the 

interference from other primary transmitters. All such unwanted signals received at the victim receiver 

can be expressed as Nuisance fields as explained below. This nuisance fields can be obtained to perform 

the simulation and get the desired results. 

 

Nuisance fields and power summation 

As shown in figure 3.1, let Ei1 be the corresponding field strength of IaN+k , Ei2 be the corresponding field 

strength of IaN+j , Ei3 be the corresponding field strength of IN and Ew be the corresponding field strength 

of the wanted signal SN  

Here the Nuisance Field, NUi1 corresponding to Ei1 is defined as (in dB) 

NUi1 = Ei1 +PR (∆f)-POL-DIR                                                                       (3a) 

Here PR (∆f) is the required protection ratio for a given frequency offset, ∆f, POL is the polarization 

discrimination (if any) and DIR is the receive antenna discrimination (if any). 

So for Ei2 and Ei3 we have NUi2 and NUi3 respectively.  

Similarly let the Nuisance field from the unwanted DTT interfering signal be NUd  

Also the Nuisance field for the noise N is  

NUN =N + C/N where N is the noise equivalent field strength and C/N is the required DTT carrier to noise 

ratio to ensure acceptable DTT reception in the presence of noise only.  Here the Nuisance field for the 

noise is also called ‘minimum field’, Emin 

Now for an acceptable DTT reception, 

Ew > NUi1        NUi2        NUi3        NUd         NUN                                                        (3b) 

Note:     imply addition in linear and then converting it to log domain.   

A     B = 10 log 10 (10 A/10 + 10B/10)  

Now based on such calculation and simulation based on it, one can find the dominant interference for 

an interference scenario generated by the SUs as shown in figure 3.1. This is further discussed below. 
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Dominating Interference 

As mentioned before, ‘dominating interference’ is the one which is considered to generate most of the 

harmful interference to the TV reception. For example a dominating aggregate CCI is the one that could 

harm the TV reception in terms of ‘Picture Failure’ (number of detected picture artefacts in a defined 

period), ‘Audio Failure’ (number of detected audio errors in a defined period) or ‘Bit Error Rate’ and at 

the same time, the effect of aggregate ACI is negligible. This suggests that the aggregate CCI received 

from the SUs should be generally greater than the aggregate ACI. This is the main fundamental for the 

definition of dominance of interference in secondary access scenario.  

Hence the dominance can be defined as follows  

If Icci be the aggregate co-channel interference and Iaci be the aggregate adjacent channel interference 

obtained through the secondary access scenario as shown in figure 3.1, then as an example, the co-

channel interference is the dominating interference if (in linear) 

Icci/Iaci = NUi3/( NUi1        NUi2) (linear)   > 10                                                            (3c)  

Or in dB it can simply be expressed as Icci/Iaci (dB) > 10                                    (3d) 

 

Equation (3c) and (3d) provides the definition of dominance for CCI in this case as an example. However, 

obtaining such ratio and claiming a dominating interference is not enough unless the harm done by 

these interferences is analyzed after obtaining such ratio. In this case, since CCI is the dominating 

interference, it is expected that CCI is the one which causes most damage to TV reception. So to get the 

idea of this damage done to the TV reception, the analysis of TV outage or just the location probability 

values with SUs can be obtained. 

So, in this case, if only CCI constraint is considered for determining the permissible power levels for the 

WSDs then the TV outage probability in this case would be close to the TV outage probability when both 

CCI and ACI constraint is considered. But if only ACI constraint is considered in this case, for determining 

the emission levels for WSDs then the TV outage probability would be more than the system threshold 

requirement and may cause serious damage to the TV reception as mentioned above. This is because 

the ACI is less than the CCI according to the definition of dominance which makes the Cognitive Radio 

system to allocate the SUs with more power due to the underestimation of the interference. 

So to analyze the dominating interference and its harmful effect on the TV reception the given 

procedure below should be followed  

 Find the dominating interference according to (3c) or (3d) 

 Determine the TV outage probability or just the location probability with the SUs deployed in 

the system 
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Obtaining results based on these two analyses can provide the behavior of the secondary interference in 

TVWS and based on it, appropriate scenario could be chosen when deploying the SUs in the system. This 

may also help the CR system to adopt suitable analytical method for determining the permissible power 

levels for the WSDs. 
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 Chapter 4: Methodology 

 

The methodology varies with the power allocation scheme assigned for the SUs in the system. However 

the procedure for obtaining location probability without any SUs in the system is the same and both of 

the power schemes follow this procedure to obtain it. The process is then different as the location 

probability with SUs now in the system requires certain emission limit assigned to them. Hence these 

two power schemes are used to obtain the limits and other parameters along with it. This procedure is 

explained as follows. 

4.1 Constant Power allocation 

As the name goes, Constant power allocation provides constant power to all the WSDs deployed inside 

the TVWS deployed over the coverage area of the TV transmitter. So the power allocated to all the 

WSDs is same and it is either all increased or decreased unless it satisfies the threshold limit set by the 

primary system. So for a primary system (operating in 470-790 MHz) that is present over a large 

geographical area and providing smooth TV transmission and reception, the required methodology is as 

follows  

a) The first aim is to find the location probability when the SUs are not deployed in the system. So 

determine the wanted and unwanted (from the TV transmitter operating in another channel 

group nearby) DTT received power on a given channel and in a given geographical pixel of 

concerned area. 

This information can be computed using the knowledge of ERP values and position of concerned 

TV transmitter and a propagation model like the recommendation ITU-R P. 1546 

b) Determine the location probability (LPbefore) of each considered locations, without deploying 

WSDs, by using Monte Carlo method (used in this case) or using analytic formula. The location 

probability   can be expressed as (in linear domain) 

                                                              
 
                  (4a) 

Where       is the probability of event  .    is the received power of the wanted DTT signal, 

       is the DTT receiver’s (noise limited) reference sensitivity level,      is the received power 

of the     unwanted DTT signal, and      is DTT to DTT protection ratio for the     DTT 

interferer. Here equation (4) results directly from the definition of protection ratio which is 

expressed as the minimum ratio of wanted signal power to interferer signal power (as measured 

at the input to the receiver) required for the correct operation of the receiver. 

c) Deploy the WSDs randomly following a certain density inside the coverage area where the LP 

was calculated before, without the SUs. Generally the WSDs are deployed over all the TV 

coverage including all the unwanted regions along with the wanted coverage area. The WSDs 

are allowed to transmit only in the channel groups which are not used by the primary system 

inside which the WSDs are deployed. For example, the WSDs deployed inside the TV transmitter 

coverage that is operating at channel 21 to 28, would have the option to communicate between 

channels 29 to 60. 
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d) For all the WSDs the EIRP is initially set to 0 dBm. Now the aim is to find the location probability 

with SU interference present in the system given by q2 or LPafter. 

                                        
 
             

                        (4b) 

Here the EIRP of the WSD should be fixed such that there is an acceptable decrease in the 

location probability (like ∆LP = 1%). Generally q1 should be around 0.95 for acceptable coverage 

of the TV transmission which implies that q2 should be around 0.94 in this case. Here the 

appropriate values of protection ratios are chosen according to the frequency difference 

between the WSD channel and TV channel. 

e) Obtain q2 in the simulation through all the known quantities as shown in 4b with the WSD EIRP 

of 0 dBm. Compare the obtained q2 with the threshold (0.94). If the obtained q2 is less than the 

threshold, the WSD EIRP is decreased with certain reasonable step. And if q2 is more than the 

threshold the WSD EIRP is increased with certain step.  

f) Repeat e) unless the threshold criterion is met. 

g) Using the final permissible WSD EIRP obtained from e) and f) the desired results such as the 

location probabilities across the coverage region and boundaries are obtained. Also, the ratio of 

the aggregate adjacent channel interference to co-channel interference is obtained. 

 

4.2 SE43 Power allocation 

This power scheme is based on the fact that it incorporates the minimum of the emission limit provided 

by the analytical method and reference geometry for the CCI link and for the ACI link respectively. So 

this power scheme separately obtains the permissible power for the SUs with respect to their CCI link 

and ACI link. And the final power allocated to those SUs is the minimum of the two. The analytical 

method followed by it is given below. 

                             
                            

  

  
        

        
                            (4c) 

Where   
  

  
               

  

  
   

 

As mentioned in Constant power allocation, the first aim is to find the location probability without the 

SUs being deployed. So for this process the methodology is exactly the same as the previous one. The 

methodology is discussed below 

a) Follow step a) to c) mentioned in the constant power allocation in 4.1. In short, LPbefore or q1 is 

obtained from the wanted and unwanted DTT received power on a given channel and in a given 

geographical pixel of concerned area. Following this, the SUs are deployed inside the coverage 

area as mentioned in c). However, the SUs are not yet allocated with the permissible power. 

And for that the following procedure is followed. 



17 
 

b) The interference margin (IM) is set to 0 dB and the permissible power required for the WSDs are 

found using equation (4c) using all the known values including q1 threshold (LP threshold before 

the SU deployment say 0.95) and q2 threshold (LP threshold after the SU deployment i.e. 0.94).  

c) Here the link gain for the CCI link is based on the actual distance between the victim and the 

interfering WSD whereas for the ACI link, the appropriate reference geometry is used. Here the 

final permissible power for the WSDs is based on the minimum of the permissible power 

obtained for the CCI link and ACI link separately. 

d)  Allocate the obtained power from c) to the WSDs. Now the aim is to find an appropriate IM 

value which was initially set to zero dB. For this the LP with SU interference i.e. q2 is found 

through simulation based on equation (4b). As mentioned earlier, for getting q2 equal to its 

threshold (0.94), the value of IM is increased or decreased. If the obtained q2 is less than the 

threshold, the IM is increased with certain reasonable step. And if q2 is more than the threshold 

the IM is decreased with certain step.  

e) Repeat d) unless the threshold criterion is met. 

f) The final IM that satisfies the threshold criterion is the one which is applied to the obtained 

power from c). This final IM together with the permissible power is used to obtain desired 

results such as the location probabilities across the coverage region and boundaries are 

obtained. Also, the ratio of the aggregate adjacent channel interference to co-channel 

interference can be obtained. 
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Chapter 5: Simulation Model and Implementation 
 

This chapter explains the implementation of the simulation and its system model with the relevant 

methodology. However, the overall methodology is the same as mentioned in the previous chapter. The 

simulation was done in MATLAB.  

 

5.1 System Model 

 

Figure 5.1: System Model for the simulation 

                                             

Figure 5.1 shows the basic deployment scenario of the primary system which is the DTT transmitters in 

this case. As mentioned before this primary system occupies the TV band of 470-790 MHz. This entire 

band is divided into 40 channels each of 8 MHz. Each DTT transmitter is allocated with 8 channel group. 

So the five transmitter group consists of the whole TV band with 40 channels. Other transmitter’s 

coverages at the boundary are considered to minimize the boundary effect as a part of wrap around 

technique. Here the area enclosed by the red square is the area of consideration where most results are 

evaluated. And as mentioned before, the immediate outer black square close to the red one is 

considered to take into account all the interferences from secondary users. Here ITU–R P. 1546 is used 

to estimate the coverage and field strength of the primary system without considering the terrain 

variations. This means that the terrain is assumed to be flat. 
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5.2 Simulation Model Parameters 

 

 

Table 1: Simulation Parameters 

    

Here considering the minimum required SNR of 21 dB at the cell edge, the receiver sensitivity is 

calculated. The secondary users are deployed randomly with uniform distribution over the entire area of 

consideration. The SUs transmitter height is chosen to be 8 meters for most of the result investigation. 

This process of choosing such SU height along with the interference scenario was done in the hypothesis 

construction during the initial phase of the project. The other heights of the SUs transmitter such as 1.5 

meters and 30 meters are included for investigating the effect of variation of SU transmitter height. 

Here to keep things simple, protection ratio is considered to be flat over all the adjacent channels. This 

ratio is considered to be -35 dB which is the value generally chosen for the immediate adjacent channel. 

This flat value of such immediate adjacent channel is chosen to consider encompassing worst case 

situation as opposed to other lower values for the adjacent channels farther away.    

Parameters Value 

TV signal standard deviation 5.5 dB 

Noise Power over the bandwidth -98 dBm 

TV Receiver sensitivity -77 dBm 

TV Receiver antenna height 10m 

Location probability threshold 
requirement without secondary 

interference, q1* 

0.95 

TV transmitter’s ERP  1KW 

Operating frequency of TV transmitters 650 MHz 

Protection Ratio -35 dB flat on all adjacent channels 
21 dB for co-channel 

TV transmitter height  150 m 

TV Coverage Radius 21 Km 

SU density 177 SUs/Km2 

Location probability threshold 
requirement with secondary 

interference, q2* 

0.94 

 
Secondary Transmitter height 

8 m with σwsd = 3.5 dB 
1.5 m with  σwsd = 6 dB 

30 m with  σwsd = 3.5 dB 
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5.3 Secondary User deployment 

The secondary users are deployed over the entire area of consideration as shown in the system model of 

the primary system (DTT system). However, the secondary users or the WSDs are deployed 1 Km away 

from the coverage boundary which is the protection area for boundary pixels. As mentioned before, 

mostly the SU transmitter height of 8 meters is chosen.  For the case of WSDs located at a distance of 

less than 1 Km from the victim TV receiver, ITU-R. P1411 is used for path loss calculation where TV 

receiver antenna height is at 10 m, building height is at 9 m. For the case of WSDs located at a distance 

of greater than or equal to 1 Km from the victim TV receiver, ITU-R P1546 is used for path loss. 

For the SU transmitter height of 8 m a minimum separation distance of 20 meters from the victim is 

used while deploying it randomly. 

For the SU transmitter height of 1.5 m a minimum separation distance of 20 meters from the victim is 

used while deploying it randomly. 

For the SU transmitter height of 30 m a minimum separation distance of 80 meters from the victim is 

used while deploying it randomly. 

For each of these SU transmitter height, different reference geometry is used for the SE43 power 

allocation scheme. These reference geometry are shown below. 

 

5.3.1 Reference Geometry 1. 

 

 

Figure 5.2: Reference Geometry 1 

 

This reference geometry shown in figure 5.2 is used for the SU transmitter height of 1.5 meters for 

calculating the permissible power with respect to SE43 power allocation scheme 
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5.3.2 Reference Geometry 2 

 

 

 

This reference geometry as shown in figure 5.3 is used for the SU transmitter height of 8 m for 

calculating the permissible power with respect to SE43 power allocation scheme. 

 

5.3.3 Reference Geometry 3 

 

Figure 5.4: Reference Geometry 3 

This reference geometry as shown in figure 5.4 is used for the SU transmitter height of 30 m for 

calculating the permissible power with respect to SE43 power allocation scheme. 

 

P 
IB 

Fixed rooftop DTT reception  

TV 

- 54.72 dB 

Fixed WSD 

10 m 

- 16 dB 
+9.15  dBi H-polar Slant-polar 

20m 

Figure 5.3: Reference Geometry 2 
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5.4 Implementation 

5.4.1 Constant Power Allocation 

As explained in the previous chapter, the overall methodology followed by the constant power 

allocation in the simulation is the same as mentioned there. So a brief methodology is explained below 

to incorporate the simulation entities. 

a) The location probability before the WSDs are deployed (LPbefore) is found in the area of interest. 

Here the location probability threshold requirement without the secondary interference is met. 

This threshold is 0.95 as shown in the table too. 

b) The secondary users are deployed in the area of interest and also maintaining the protection 

area requirement near to the boundary. Initially the EIRP of the WSDs are set to be 0 dBm. Here 

as mentioned in the paramter table, the protection ration is set flat -35 dB over all the adjacent 

chhanels. This makes things simple in the simulation to set it without any concern to calculating 

frequency difference for each channel. 

c) The main simulation is run and the location probability after deploying the WSDs (LPafter) is 

found. Here the basic procedure is the same for obtaining the total aggregate CCI or ACI. 

However, for the interference received from the region outside the coverage victim pixel, it can 

get CCI from one channel whereas ACI is received from N-1 channels at a time, where N is the 

number of available channel for the WSDs. So the total CCI received by the victim pixel is from 

1/N of the total WSDs whereas the total ACI received by the victim pixel is from N-1/N of the 

total WSDs.  

d) The power of the WSDs is changed accordingly such that the location probability threshold 

requirement with the secondary interference is met, which is 0.94 as shown in the table. The 

final power that meets the requirement is the power allocated to the WSDs for further result 

analysis. 

 

5.4.2 SE43 Power Allocation 

The process of determining the permissible power in this power allocation scheme is also similar to the 

one described in the previous chapter. So to incoporate the simulation entities, a brief methodology is 

explained below 

 

a) The location probability is found, before the WSDs are deployed (LPbefore) in the area of interest. 

Here the location probability threshold requirement without the secondary interference is met 

which is set to be 0.95 as shown in the table. 

b) The interference margin (IM) is set to 0 dB and the permissible power required for the WSDs are 

found using the analytical method as shown in previous chapter and all the known values 

including q1( LP threshold before the SU deployment i.e. 0.95) and q2(LP threshold after the SU 

deployment i.e. 0.94) 



23 
 

c) Now the appropriate IM is needed for the SUs deployed in the pixel of concern. So to find an 

appropriate IM, the WSDs are deployed over the area of interest with the permissible powers 

obtained using b) and IM as zero. 

d) The main simulation is run and the location probability after deploying the WSDs (LPafter) is 

found. Here the available channels for the WSDs to transmit and the method to calculated the 

aggregate CCI or ACI is the same as mentioned in step c) of Constant power allocation 

e) The value of IM is changed accordingly such that the location probability threshold requirement 

with the secondary interference is met. The final value of IM that meets the location probability 

threshold requirement is set for the use in the result analysis. 

 

As mentioned in the methodology of the previous chapter, the reference geometry is used for 

calculating the ACI link. This step comes in b) of  SE43 shown above. Now this reference goemetry is 

different for different SU heights and the suitable one is used. So for SU tx height of 1.5 m, 8 m and 30 m 

figure (5.2), figure (5.3) and figure (5.4) are used respectively.  
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Chapter 6: Results 
 

6.1 Coverage of the TV Transmitters 

 

Figure 6.1: Coverage of the TV transmitters showing the median signal strength 

                                                                

As mentioned before, the coverage of these transmitters are found using ITU-R P1546 model without 

considering the terrain variations. Here the figure shows the median signal strength of the transmitters 

in the area of consideration. 

 

6.2 Power Allocation  

As there are two different power allocation schemes employed, there are two different permissible 

powers or the emission limit set by these power schemes for the WSDs that are deployed in the area of 

concern. These power allocations are the ‘constant power allocation’ and are the ‘SE43 power 

allocation’ method. This result section illustrates the permissible power obtained by the WSDs under 

both the power allocation methods to make a comparative analysis. 
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For constant power allocation 

After deploying the SUs inside the area of interest and keeping the 1 Km protection distance the final 

permissible power which satisfies the q2 threshold criteria is -12.35 dBm. So all the WSDs are allocated 

with -12.35 dBm inside this area. Here the SU density is 177 SUs/Km2 with the height of 8 meters. The 

permissible power is also obtained for different constraint such as considering ACI only or CCI only, as 

shown below. The SU density and its transmitter height are all kept the same. 

With both ACI and CCI constraint:  Permissible power for each SU is -12.35 dBm 

With CCI constraint only:  Permissible power for each SU is -12.2 dBm 

With ACI constraint only:  Permissible power for each SU is -5.15 dBm 

 

 

For SE43 power allocation  

The permissible power with SE43 scheme is first calculated analytically through the equation (4c) 

mentioned before keeping the Interference Margin (IM) to be zero dB. Then the SUs with the density of 

177 SUs/Km2 are deployed randomly inside the area of interest. Now through main simulation, the 

interference margin is found accordingly so that the q2 threshold criteria is satisfied. This is also called 

permissible power satisfying both CCI and ACI constraint. Here, for SU height of 8 meters and with 177 

SUs/Km2 the interference margin (IM) is found to be 29.5 dB satisfying both constraints. The figure 6.2 

shows the permissible power after applying the IM which is the final permissible power. Here the IM 

considering the CCI constraint only is 82.2 dB whereas for the case of considering ACI constraint only, 

the IM is obtained to be 1 dB. Here with these margins applied, the permissible power considering CCI 

Figure 6.2: Distance variation along the 
line joining the two transmitters 

Figure 6.3: Permissible power obtained for the 
WSDs using both power allocation methods 



26 
 

constraint only is 24.7 dB lower (at the region closer to the primary transmitter) than ACI constraint only 

and it continues to be lower along the radial distance till the boundary where it is 74.11 dB lower as 

seen in figure 6.3. These power levels are used for the results section below to obtain plots using 

different constraints. 

 

Overall analysis of both power allocation methods 

Figure 6.2 illustrates the permissible power obtained by the SUs employing both the power allocations. 

The obtained result is plotted with respect to the variation in radial distance inside the coverage of first 

TV transmitter as shown in figure 6.2. By implementing the constant power method, the SUs obtain the 

emission limit of -12.35 dBm throughout the entire coverage. Now, by implementing the other scheme 

i.e. the SE43 power allocation, it can be seen that the emission limit varies throughout the coverage. 

Here the maximum emission level of 11.9 dBm, is obtained at the region closer to the primary 

transmitter which then gradually decreases along the radial distance till it reaches the minimum 

permissible power level of -31 dBm at the region closer to the boundary. 

It can be seen from the above figure that the SUs are allocated with higher power levels with SE43 

method as compared to constant power method but for less radial distance i.e. up to 6.8 Km from the 

primary transmitter. So the constant power method provides higher power to the SUs compared to SE43 

for relatively greater radial distance of 13.2 Km. Hence this shows that the SUs using SE43 method are 

restricted to relatively lower emission level for larger area inside the coverage. And on the other hand, 

the SUs using constant power method are restricted to relatively lower emission level for a small portion 

of the area and the larger portion of the area consists of SUs allocated with relatively higher power 

levels. 

Here, to account for fairness, it is desired to allocate all of the SUs with the highest possible emission 

levels which satisfy its constraints. Here fewer SUs using SE43 are allocated with higher power level 

compared to SUs using constant power method since that area is smaller as mentioned before and the 

SU density is uniform throughout the coverage. But there are relatively large numbers of SUs that are 

allocated with higher power level using constant power method since that area is relatively large as 

mentioned earlier. So it is obvious that constant power method is a fair power allocation scheme.    
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6.3 Dominance and Damage 

This part of the result section investigates about the dominating interference as well as the damage 

done to the TV reception. As mentioned before, the dominance is analyzed through the interference 

ratio whereas the damage or the outage in the primary system is analyzed through the location 

probability. This analysis is done for SUs of 8 meters with all the other parameters used to obtain the 

permissible powers as shown in figure 6.3 above. And this analysis is done for both power allocation 

methods. 

6.3.1 For Constant Power Allocation 

Variation of the interference ratio CCI to ACI with respect to the distance 

 

 

 

Here this section of the result for the constant power allocation illustrates the dominating interference. 

As it is obvious to get different strength of the interfering signals across the coverage of the primary 

transmitter, the dominance is shown with respect to the radial distance shown in figure 6.2. So the ratio 

of aggregate CCI to ACI is plotted with respect to distance along the coverage. This result is obtained 

using all standard parameters settings such as 8 meters SU transmitter height with permissible power of 

-12.35 dBm each, with the density 177 SUs/Km2, and considering both the interference constraints.  

As mentioned in previous chapter the CCI is said to be dominating interference if the ratio of aggregate 

CCI to ACI is greater than 10 dB. Here as seen in figure 6.4 the result shows that the average ratio of CCI 

to ACI is greater than ten only in the region closer to the boundary, i.e. the CCI starts dominating from 

the distance of about 20.1 Km up to the boundary. Besides this region close to boundary, the ratio is 

lesser than zero. This suggests that ACI is dominant inside the coverage closer to the primary transmitter 

till the distance of 14.4 Km where the ratio is -10 dB. As shown in the plot, in the region close to the TV 

transmitter, the ratio is about -19 dB which implies that the aggregate ACI is quite larger than the 

aggregate CCI and thus being the highly dominant one. This ratio increases when moved along the radial 

Figure 6.4: Variation of the ratio CCI to ACI 
with respect to distance for the Constant 
Power allocation 



28 
 

distance towards the boundary. So the ACI remains to be dominating up to the distance of about 14.4 

Km. And at distance of about 20.1 Km from the TV transmitter, the CCI starts dominating as the ratio 

crosses 10 dB and continues to dominate up to the boundary. The region between 14.4 Km and 20.1 Km 

is not obvious in terms of dominance. So a dominating interference cannot be claimed in that region. As 

a whole such behavior is as expected because the SUs generating CCI are closer to the victim receiver at 

the boundary region. So the CCI is dominating in the boundary and since this CCI is weaker for the victim 

inside the coverage, the aggregate CCI becomes much less resulting into ACI dominating region closer to 

the TV transmitter inside the coverage. 

Now the result section below discusses the harm or the damage caused by these interferences. 

 

TV outage  

This section of the result for the constant power allocation, illustrates about the damage or harm caused 

by these interferences, where the damage is and who causes it. Here, the damage done by the 

interferences can be analyzed through the value of location probability across the coverage which is 

shown below. 

 

 

 

                                                                                                             

Figure 6.5: location probability variation along 
the mentioned line across the coverage 
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Here figure 6.5 shows the location probability (LP) variation along the radial distance as shown in figure 

6.2. Here plots considering both constraints, either one of the constraints only and q1 is shown in the 

figure where q1 is the location probability without SUs. It should be noted that the plot with respect to 

only one of the interference constraint should be obtained in order to find who is causing the damage or 

harmful interference to the victim receiver. This is due to the fact that the plot with respect to only one 

of the interference constraint does not consider the other one while determining the emission limits. 

And on the other hand, this plot with respect to distance helps to determine where this damage is 

present. Location probability (q2) less than the threshold (0.94) requirement is considered to be 

violating the smooth TV reception requirement, and thus to be in the outage category. For q1 the 

threshold requirement is 0.95 as mentioned before since it is without SUs being deployed. 

 It can be seen from the figure that location probability (q2) is higher closer to the TV transmitter and 

decreases as it is farther away from it along the line and towards the boundary. Here as shown in figure 

6.5, the location probability considering both interference constraints lies much above the threshold 

(>0.94) in the region closer to the TV transmitter. This is expected, as the TV signal strength is stronger 

at that region. However, the LP starts following different curves for different constraints when moved 

towards the boundary. The difference is more visible from distance 15 Km away from the TV 

transmitter. As expected, the LP before the SU deployment, q1, reaches its threshold requirement (0.95) 

when reached at the boundary (21 km). Here q2, considering both CCI and ACI constraint, is a little 

above its threshold requirement (0.94) at the boundary. Similarly the curve of LP with CCI constraint 

only follows the same curve q2 with both constraints. Now for the LP with ACI constraint only, the LP 

violation occurs only at the region closer to boundary i.e. after the distance of 20.1 Km away from 

primary transmitter up to the boundary. The LP at that region starts falling below the threshold from 

20.1 Km till it reaches the boundary where the LP value is about 0.92 representing higher outage than 

acceptable. This implies that CCI generates the harmful interference or causes damage to the TV 

reception in that region. This can be inferred because of the fact that this violating LP is obtained 

considering ACI constraint only where the CCI is not considered while determining the emission limit. So 

this result suggests that CCI causes the damage at the boundary region. On the other hand there is no 

damage inside the coverage other than the boundary as seen by the plots considering ACI only or CCI 

only.   

 

 

Overall analysis of dominance and damage using Constant power allocation from the above results 

Here the first section of this result part which is the ‘variation of interference ratio with respect to 

distance’ illustrates the dominating interference across the coverage. This part of the result explains 

which interference is the dominating one and how does it vary across the coverage. Here CCI is the 

dominating interference starting from the distance of 20.1 Km and continues to dominate up to the 

boundary region whereas ACI is dominating one in the region closer to the primary transmitter up to the 

distance of 14.4 Km away from the primary transmitter. 
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The second section of this result ‘TV outage’ illustrates about the damage or harm caused by these 

interferences. Here the damage is shown in terms of location probability (q2). So the presence of 

damage is claimed through the violation of threshold set for acceptable reception under the presence of 

SUs which is 0.94. Here, the violation of threshold requirement can be found in the boundary region 

from 20.1 to 21 Km when ACI constraint only is considered. There is no violation in the coverage region 

other than this boundary region. This shows that there is outage in the boundary region exceeding its 

outage limit. And it is seen that CCI causes the damage since the violation is found to be in the ACI 

constraint only plot.  

Here the outage is said to be caused by the CCI because the plot of ACI constraint only which does not 

considers the CCI while setting the emission limits, shows the violation of threshold requirement. As a 

whole, the plot for CCI constraint only causes no damage. This suggests that taking CCI constraint only 

into account does not damage or create harmful interference unlike the case of ACI constraint only. But 

just choosing CCI constraint only allows lower permissible power for the SUs i.e. -12.2 dBm as compared 

to ACI constraint only (-5.15 dBm). On the other hand it is seen that there is no damage present inside 

the coverage region closer to the TV transmitter where ACI is dominating. However there is damage 

present in the boundary region where CCI is dominating. This is due to power allocation scheme of 

constant power method. Here this power allocation method allocates permissible power for the SUs 

with the same margin throughout the coverage. Now since this same margin is used to protect the 

victim not only inside the coverage but also in the boundary region, the emission limit is relatively lower 

in the region closer to the primary transmitter inside the coverage. Hence there is no damage seen at 

that region where ACI is the dominating one. However recent works such as [10] considers the 

aggressive scheme where the margin is set different in different regions and this leads to damage in the 

ACI dominating region too.  

Here the CCI starts dominating from the distance of about 20.1 Km up to the boundary and the CCI 

starts damaging the reception from the distance of 20.1 Km up to the boundary. So when CCI is the 

dominating interference, the damage is present in that area. As mentioned before, this is due to the fact 

that the SUs generating the CCI are closer to the victim receivers in the boundary region or the area 

closer to the boundary. Now the extent of such damage done by the CCI i.e. from the boundary till 20.1 

Km is due to the particular height of the SUs deployed which is 8 m in this case. As this height of the SUs 

changes, this extent of damage done by the CCI also changes which is shown in the latter part of the 

result section. 
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6.3.2 For SE43 Power Allocation 

This part of the result follows the SE43 power allocation scheme and addresses similar issues of 

dominance and damage as illustrated by section 6.3 for the ‘Constant power allocation’.  

Variation of the interference ratio CCI to ACI with respect to the distance 

 

 

 

 

This section of the result illustrates and shows the dominating interference when the SE43 power 

allocation scheme is employed by the SUs. This is shown through the ratio of aggregate CCI to ACI as 

explained in chapter 3. Since the interfering signal strength varies across the coverage, this ratio is 

plotted with respect to the radial distance as shown in figure 6.2. This result is obtained using all 

standard parameters settings such as 8 meters SU transmitter, the density of 177 SUs/Km2, and 

considering both the interference constraints. Here the permissible power for the SUs using this power 

scheme is shown in the result before in section 6.2, which is used here to obtain the results.  

The result in figure 6.6 shows that the average ratio of CCI to ACI is greater than 10 from the distance of 

about 16.3 Km up to the boundary of the coverage which implies that CCI is the dominating interference 

in this region. The ratio is negative and reaches about -28 dB in the region closer to the TV transmitter, 

which suggests that the ACI is the dominating interference in this region. ACI keeps dominating from the 

region closer to the TV transmitter up to the distance of about 8 Km from the primary transmitter. And 

the region between 8 Km and 16.3 is not obvious in terms of dominance. So there is no dominating 

interference present in that region. Here unlike the constant power allocation where all the SUs are 

assigned with constant power, this power scheme assigns different emission limits to the SUs depending 

on its position. Here generally the WSDs with the higher emission limits are closer to the primary 

Figure 6.6: Variation of the ratio CCI to ACI 
with respect to distance for the SE43 
Power allocation 
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transmitter and the ones with the lower emission limits are found not only in the area closer to the 

coverage boundary but also in the area inside the coverage as seen in the result section 6.2. So the 

aggregate ACI is relatively lower in the boundary region as well as the region inside the coverage too. 

Thus the CCI dominating region in this case shifts more inside the coverage rather than being dominant 

just around the boundary. 

Now the damage or the harm caused by these interferences is shown in the results in the section below. 

 

 

TV Outage  

This section of the result for SE43 power allocation, illustrates about the damage or harm caused by the 

interferences discussed above, where the damage is and who causes it. Here, similar to previous 

sections, the damage done by the interferences can be analyzed through the value of location 

probability across the coverage which is shown below. 

 

 

 

Figure 6.7: location probability variation along 
the mentioned line across the coverage 
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As mentioned earlier, figure 6.2 shows the radial line across the coverage along which the value of 

location probability (LP) is found. Here the parameters for the SU deployment is the same as mentioned 

in the earlier section of this power scheme which is the standard parameters.  As seen in figure 6.7 the 

results shows the plots considering both constraints, either one of the constraints only and q1. As 

mentioned before the plot with respect to only one of the interference constraint shows who is causing 

the damage or harmful interference to the victim receiver. And this plot with respect to distance helps 

to determine where this damage is found. Location probability less than the threshold (0.94) 

requirement is considered to be violating the smooth TV reception requirement, and thus to be in the 

outage category. 

Here figure 6.7 shows the variation of location probabilities (q2) with respect to all different constraints. 

Here q2 with respect to all different constraints almost follow the same values inside the coverage and 

closer to the TV transmitter. But from distance of 10 Km, the plot with respect to the ACI constraint only 

gets much more deviated from the other curves and reaches the threshold value much sooner than the 

others. At the distance of 14.3 Km, the plot considering ACI constraint only reaches the threshold (0.94) 

and starts falling below the threshold till the point at the boundary where it almost reaches zero. On the 

other hand, to make the plots more visible figure 6.8 shows the plots other than the plot considering ACI 

only. As seen in that figure, q1 remains the same which is slightly above its threshold as mentioned 

before in the boundary. Also the plot considering both the constraints is slightly above its threshold 

(0.94) and this curve is very closely followed by the plot with respect to CCI constraint only. So all the 

plots excluding the ACI constraint only, satisfies the threshold requirement throughout the coverage 

including the boundary region too. So the plot considering CCI constraint only satisfies the threshold 

requirement both inside the coverage and in the boundary region too whereas the plot considering ACI 

Figure 6.8: location probability variation along 
the mentioned line across the coverage 
excluding the ACI constraint only 
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constraint only violates the LP requirement from the distance of 14.3 Km till the boundary of the 

coverage. This shows that the aggregate CCI is the one which causes damage to the victim receiver in 

that region where the LP violation occurred due to ACI constraint only. Also from the distance of 14.3 

Km up to the region closer to the TV transmitter, there is no harm or damage caused by any of the 

interferences due to which q2 with respect to either of the interferences remains much above the 

threshold and satisfying the requirement. 

                                                 

 

Overall Analysis of dominance and damage for SE43 power allocation from the results obtained 

The first section of result for this power scheme which is the ‘variation of interference ratio with respect 

to distance’ illustrates the dominating interference across the coverage. This result explains which 

interference is the dominating one and how does it vary across the coverage. Here CCI is the dominating 

interference from the distance of 16.3 Km up to the boundary of the coverage whereas ACI dominates 

from the region closer to the TV transmitter till 8 Km. 

The second section of result i.e. ‘TV outage’ illustrates about the damage or harm caused by these 

interferences. The result of this section shows the damage in terms of location probability (q2) along the 

radial distance across the coverage. According to the results, the violation of threshold requirement can 

be found from 14.3 Km till the boundary region when ACI constraint only is considered. There is no 

violation in the coverage region other than this aforementioned region. This shows that there is outage 

exceeding the threshold limit not only in the boundary region but also inside the coverage till the above 

mentioned distance. However the damage is seen to be higher in the boundary region as the location 

probability is almost zero there. The result shows that the outage considering ACI only completely 

violates the threshold requirement along the whole boundary and also inside the coverage till 14.3 Km. 

This suggests that CCI is the one that causes the damage in the entire boundary region and also inside 

the coverage to the distance mentioned above.  

As mentioned before CCI causes the damage since the ACI constraint only does not consider the CCI to 

set the emission limits which is why the plot for ACI constraint only shows the violation of threshold 

requirement. Here it is seen that the damage of CCI is not only in the boundary but also inside the 

coverage till a particular distance unlike the other power scheme where the damage is only seen in the 

boundary and area closer to it. This indicates that region 14.3 Km from the primary transmitter up to the 

boundary receives stronger CCI which is obviously not taken into account by ACI constraint only. First, 

these victims receiving this strong CCI are closer to the other primary transmitter which can be seen in 

the figure of radial line across the coverage. And it is seen from the permissible power plot for SE43 that 

the SUs located closer to the primary transmitter are allocated with higher power and this emission limit 

keeps decreasing along the radial distance till it reaches the boundary. Thus the victims receive CCI from 

those SUs that are allocated with much higher power being closer to the other primary transmitter. 

Hence the damage is found not only in the boundary but also deep inside the coverage. On the other 

hand, considerable CCI is present in the victim receiver even from a far away distance SU but the effect 
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of ACI is limited to relatively lesser distance. Due to all these reasons, it causes the dominance as well as 

the damage of CCI to shift more inside the coverage. This is not the case in constant power method 

where the damage is found only in the boundary region since the power allocated to all the SUs is the 

same. Here it is also seen that considering CCI constraint only does not cause any damage or harm to the 

victim receiver. While CCI constraint only ensures the threshold requirement, it is allocated with lower 

permissible power compared to the ACI constraint only. The lowest power for CCI constraint only is 

74.11 dB below the permissible power for ACI constraint only as mentioned in the previous initial result 

section.  

On the other hand there is no damage present inside the coverage closer to the TV transmitter where 

the ACI is dominating. But it is seen that in the region where the CCI dominates, there is damage 

present. But this is not the case for ACI dominating region. As mentioned before, this is also due to the 

fact that the same ‘Interference Margin (IM)’ is used for all the SUs at all location inside the coverage for 

allocating the permissible power. Since this same IM for all SUs is used to protect the victims not only in 

the region closer to the TV transmitter but also in the boundary region, the permissible power is 

relatively less due to higher IM. Hence there is no damage found in the region closer to the TV 

transmitter inside the coverage in the ACI dominating region. As mentioned before [10] considers the 

aggressive scheme where the margin is set different in different regions and this leads to damage in the 

ACI dominating region too.  
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6.4 Density Variation for both Power Allocation Method 

 

 

Figure 6.9: The average ratio CCI to ACI with the variation in density of the SU deployment 

Here this result section shows the effect of variation in SU density in the interference ratio parameter. 

The overall objective is to show how the interference behavior as a whole can change with the change in 

density. The interference ratio is obtained for two points i.e. at a distance of 14.25 Km and at a distance 

of 17.58 Km. For each point, the interference ratio is obtained for three different densities as mentioned 

below. Here for the Constant power allocation and for SU transmitter height of 8 meters, 

At the density 70 SUs/Km2 permissible power for each SU is -8.65 dBm 

At the density 177 SUs/Km2 permissible power for each SU is -12.35 dBm 

At the density 354 SUs/Km2 permissible power for each SU is -15 dBm 

 

Here for the SE43 power allocation and for SU transmitter height of 8 meters, 

At the density 70 SUs/Km2 the interference margin is 25.8 dB 

At the density 177 SUs/Km2 the interference margin is 29.5 dB 

At the density 354 SUs/Km2 the interference margin is 32.15 dB 

As mentioned before, figure 6.9 shows the variation of ratio CCI to ACI with respect to SU density 

variation. It can be seen from the result that the variation in SU density does not change the ratio of CCI 

to ACI that much and is almost the same. This suggests that the change in SU density does not change 

the behavior of the interference from SUs in TVWS. Here the SU density is homogeneous and this causes 

the same change in aggregate CCI as in aggregate ACI with the change in the density. So this result 

suggests that the interference behavior from the SUs does not change with the change in density. 
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6.5 Height Variation of SUs 

This section of the result investigates the variation in height of the SUs. Here the variation is analyzed 

through both dominance and damage for both the power allocation methods.  

6.5.1 For Constant power allocation 

Using the constant power allocation method, the effect of SU height variation is shown first through the 

interference ratio plot where the dominating interference is seen for different heights and secondly 

through the location probability variation plot for different heights that shows the damage done inside 

the coverage. 

 

Variation of the interference ratio CCI to ACI with respect to the distance 

 

 

   

 

 

Here this part of the result section shows the plot of interference ratio along the radial distance as 

shown in figure 6.2. This interference ratio with respect to distance is plotted for the height of 30 m and 

1.5 m and the plot for 8 m is taken from the figure in the previous section of the result. Here most of the 

parameters used for this is the same such as the density of 177 SUs/Km2 but the variation in parameter 

is present where the height affects it. For example, for 30 m WSD height, permissible power for each SU 

is -29.2 dBm, for 1.5 m, permissible power for each SU is -2 dBm. Also the variation in standard deviation 

Figure 6.10: Variation of the ratio CCI to ACI 
with respect to distance for the Constant 
Power allocation with different SU heights 
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is present as mentioned in the simulation parameter table. However all such values are obtained to find 

the variation in interference ratio for different heights and obtain the dominance variation along the 

coverage. As seen from the figure 6.10, for the case of 30 m SUs, the CCI starts dominating from the 

distance of 19.1 Km up to the boundary. So among all three SU heights investigated in the result above, 

30 m SUs shows to be CCI dominating for a larger region inside the coverage from the boundary as 

compared to other two heights. So for 30 m SUs, CCI is dominant for the largest portion of area among 

the three heights. However the ACI dominating region for 30 m SUs is not obvious due to the fact that 

the ratio is slightly above -10 dB in the region closer to the TV transmitter. For 1.5 m SUs, the CCI starts 

dominating only from the distance of about 20.2 Km till the boundary. Here the ACI is dominating in the 

region closer to the TV transmitter up to the distance of about 19.5 Km for 1.5 m SUs. So among the 

three SU heights investigated, 1.5 m SUs shows to be ACI dominating for a larger region inside the 

coverage i.e. from the primary transmitter till 19.5 Km away from it. For the case of 8 m the dominance 

shift point lies at the distance of about 20.1 Km and 14.4 Km with respect to CCI and ACI as mentioned in 

the earlier result section. Here the result suggests that with the decrease in height of the SUs, the ACI 

dominating region which is found at the region closer to the TV transmitter, keeps increasing. Also with 

the increase in height of the SUs, the CCI dominating region which is found at the boundary region, 

keeps increasing. 

 

The other point to be noted is that the interference ratio value is higher for the higher height SUs and 

lower for the lower height SUs as seen in figure above. Here at the boundary the ratio for 30 m is 

different than the other two heights that have almost the same ratio. This is due to the fact that 1 Km 

protection distance is maintained by the SUs but at the same time the power is constant. So from the 

height of 8 m till 1.5 m, the ACI variation is almost negligible resulting in similar ratio. However for 30 m 

the ACI is considerable thus decreasing the ratio by a certain amount. However such overall behavior of 

the interference ratio and dominance along the coverage is expected since the value of aggregate CCI is 

more for the case of higher height SUs and lower value of CCI from the same position SUs if their height 

is relatively low. And it should also be taken into account that the effect of CCI is present at the victim 

receiver even at longer distance as compared to the effect of ACI. And for the lower height SUs i.e. 

usually the height below the surrounding, the effect of CCI is relatively less. So the dominance shift point 

with respect to the CCI in the above figure is shifted more inside the coverage for increasing heights. 
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Variation of location probability with respect to distance 

As mentioned before, this section of the result shows the damage done by the SUs through the plot of 

location probability with respect to the same radial distance shown in the figure above. The first part is 

for 30 m and the second part is for 1.5 m SUs.  

For SUs of 30 meters 

 

 

Here figure 6.11 shows the location probability variation for different constraints with respect to the 

radial distance as shown in figures above. Figure 6.12 shows the same result but excluding the ACI 

constraint only plot to get the better view of the curves. As seen in figure, the location probability for all 

the constraints is sufficiently higher than the threshold in the region closer to the primary transmitter till 

the distance of about 16 Km where the plot considering ACI constraint only starts getting less, sooner 

than the other constraints plot. At the distance of 18.1 Km, this plot considering ACI constraint only 

reaches its threshold (0.94) and falls below it continuously violating the threshold requirement up to the 

boundary where it reaches about 0.5. The plot for q1 is the same as shown in previous figure. Here the 

plot considering both constraints and the plot considering CCI constraint only follows the same pattern 

and their variation is almost the same and they both satisfy the threshold requirement and are above 

the threshold in the boundary. So there is a violation in the LP requirement only for the plot of ACI 

constraint only from the distance of 18.1 Km up to the boundary. This suggests that the CCI causes the 

damage at that region. This is due to the fact that the ACI constraint only does not consider the CCI 

while setting its emission limits. As mentioned before the damage is done by the CCI as the SUs 

generating it are closer in the boundary region. As this height is the highest among the three, the 

dominance shift point with respect to CCI is a little more inside (18.1 Km) the coverage as compared to 

the other two heights. 

 

 

Figure 6.11: Variation of location probability with 
distance considering different constraints 

Figure 6.12: Variation of location probability with 
distance excluding ACI constraint 
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For SUs of 1.5 meters 

 

 

 

Here figure 6.13 shows the location probability variation for different constraints with respect to the 

radial distance as shown in the previous results. As seen in the figure there is no violation of threshold 

requirement by any of the constraints throughout the coverage. So all the constraints plot starts from 

the LP value of 1 at the region closer to the primary transmitter and decreases with distance till they 

reach the boundary where all the constraints are higher than the threshold (0.94). Here q1 is the same 

plot as shown in previous figures. Here it can be seen that the plot considering both constraints 

decreases its LP value with distance slowly as compared to plot considering ACI constraint only and CCI 

constraint only. The plot considering ACI constraint only decreases faster than all the other constraints 

with respect to distance. However the important thing to see here that there is no damage inside the 

whole coverage by any of the constraints. 

 

Overall Analysis of variation in height for SUs using Constant power allocation 

For the constant power allocation method employed by the SUs, this result section collectively shows 

the variation of height in terms of the dominating interference along the coverage and the damage done 

inside it. The first part of the result section illustrates the variation of interference ratio along the radial 

distance for different height that helps determine the dominating interference along the coverage. The 

result shows that for 30 m SUs, the CCI starts dominating from 19.1 Km distance, for 1.5 m SUs, the CCI 

starts dominating from 20.2 Km and for 8 m SUs, the CCI starts dominating from 20.1 Km away from the 

primary transmitter up to the boundary. This suggests that as the height of the SUs increases, the CCI 

Figure 6.13: Variation of location probability with 
distance considering different constraints 
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dominating region increases. Again for 30 m SUs, the ACI is dominating region is not obvious, for 1.5 m 

SUs, the ACI is dominating in the region closer to the TV transmitter and continues to dominate up to 

the distance of about 19.5 Km. And for 8 m SUs, the ACI is dominating in the region closer to the TV 

transmitter and continues to dominate up to the distance of about 14.4 Km. So this suggests that as the 

SUs height decreases, the ACI dominating region increases. 

Now the second part of the result illustrates where the damage is and who is causing the damage and 

how does it vary with different heights of SUs. For the SU heights of 30 m and 8m shown in the result, 

CCI causes the damage. But there is no damage present for the SU height of 1.5 m. For 30 m SUs, CCI 

causes the damage and violates the threshold requirement from the distance of 18.1 Km, for 8 m SUs 

the violation is present from 20.1 Km and for 1.5 m SUs there is no violation present in the entire 

coverage area. 

Here as seen from the results, the dominance shift point with respect to the CCI is located more inside 

the coverage as the height of the SUs increases. This is due to the fact that the effect of CCI is 

considerable even for a victim receiver located far away from the SUs generating it. But this is not the 

case for the ACI where its majority of the effect is only from the SUs located in the nearby area of the 

victim pixel. Due to this, as the height of SU increases the aggregate CCI increases much more than the 

aggregate ACI. This causes the CCI dominance shift point to be found more inside the coverage as 

compared to other smaller SU heights. Here this considerable effect of CCI from distant SUs is present 

for the case of 30 m SUs. But for the SUs of 8 m and 1.5 m that are relatively lower than the surrounding 

buildings (which is considered to be 9 m), the effect of CCI is much less that causes the dominance shift 

point to be found near the boundary region. Here for 1.5 m, the CCI effect should be very minimal. But 

as there is a 1 Km protection distance, the receivers at those points in the boundary shows very high 

ratio of CCI to ACI since there is no SU deployed. This is also supported by the fact that the CCI 

dominance shift point is at 20.2 Km and that there is no damage for SUs of 1.5 m throughout the 

coverage.  
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6.5.2 For SE43 Power allocation 

Here the effect of height variation is shown through the plot of the interference ratio variation with 

distance for different heights in the first section for the illustration of dominating interference. The 

second section illustrates about the damage done by different heights of SUs along the radial distance.  

Variation of the interference ratio CCI to ACI with respect to the distance 

 

 

 

As mentioned in the previous result sections, this section illustrates about the dominating interference 

for SE43 power allocation. The result is plotted with respect to the radial distance variation as shown in 

figure 6.2. This interference ratio plot is obtained for the heights of 30 meters and 1.5 m SUs. The plot 

for the 8 m SU is taken from the previous result section which is already presented and discussed in 

detail there. Here the basic set of parameters is the same for all the SUs heights which were used to 

obtain the result such as the density 177 SUs/Km2 and considering both the constraints. However the 

reference geometry is different for different SUs height as shown before. Also the permissible power 

level is different for different SU height. But the primary concern in this part of the result is to 

investigate the behavior of SU interference and its damage done to the reception with the variation of 

height. So the first section of this result illustrates the dominating interference along the coverage.  

Here in figure 6.14 the 30 m SUs shows that the CCI starts dominating from about 11.2 Km up to the 

boundary of the coverage. And the ACI dominates only in the region very close to the TV transmitter and 

continues to dominate up to the distance of about 4.3 Km. Thus among the three SU height investigated, 

30 m SUs shows to be CCI dominating for a larger region inside the coverage up to the boundary. Now 

for the case of 1.5 m SUs, the CCI starts dominating only from the distance of about 17.7 Km and 

Figure 6.14: Variation of the ratio CCI to 
ACI with respect to distance for the SE43 
Power allocation with different SU heights 
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continues to dominate up to the boundary. And the ACI is dominating for 1.5 m SUs from the region 

closer to the TV transmitter up to the distance of about 9.7 Km. So among the three SU heights 

investigated, 1.5 m SUs shows to be ACI dominating for a larger region inside the coverage i.e. from the 

primary transmitter till 9.7 Km away from it. For the case of 8 m SUs the dominance shift point with 

respect to CCI lies at a distance of 16.3 Km as mentioned earlier. And the dominance shift point with 

respect to ACI lies at the distance of 8 Km. This suggests that as the height of the SUs keep decreasing, 

ACI dominating region keeps increasing. This can also be said in the other way that as the height of the 

SUs increases, the CCI dominating region increases. The other point to be noted is that the interference 

ratio value is higher for the higher height SUs and lower for the lower height SUs as seen in figure above. 

But this ratio for different height converges at a particular value (41 dB) in the boundary point along the 

radial distance. This is because the SUs are not deployed up to the boundary to maintain the 1 Km 

protection distance and the permissible power level of the SUs closer the boundary region is quite low 

which is the property of SE43 scheme. This causes the ratio value to be almost the same at the 

boundary. However such overall behavior of the interference behavior along the coverage is expected 

since the value of aggregate CCI is more for the case of higher height SUs and lower value of CCI from 

the same position SUs if their height is relatively low. 

 

Variation of location probability with respect to distance 

As mentioned earlier, this section of the result shows the damage done by the SUs through the plot of 

location probability with respect to the same radial distance shown in the figure above. The first part is 

for 30 m and the second part is for 1.5 m SUs.  

   For SUs of 30 meters 

 

 

 

Figure 6.15: Variation of location 
probability with distance considering 
different constraints 

Figure 6.16: Variation of location 
probability with distance excluding ACI 
constraint 
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Here figure 6.15 shows the plot of location probability for different constraints with respect to the 

variation in the radial distance along the coverage as shown in previous figures. Figure 6.16 shows the 

same plot but excluding the ACI constraint only figure to get better picture of the variation. As seen in 

figure 6.15 there is no damage inside the coverage and very close to the TV transmitter since all the 

plots with respect to different constraints satisfies the threshold criteria and is much above it. This 

pattern is the same for all curves in the figure till the distance of about 8 Km from where the plot for ACI 

constraint only starts deviating and falls below the threshold much sooner than other constraints. At the 

distance of about 10 Km, the plot for ACI constraint only reaches the threshold (0.94) and continuously 

falls below it in the further distance till it reaches zero in the boundary. On the other hand the plot for 

q1 is always above its threshold throughout the coverage and it is just above the threshold in the 

boundary as seen in figure 6.16. Similarly the plot considering both the constraints also satisfies its 

threshold criteria throughout the coverage and is well above its threshold (0.94) in the boundary. Also 

the plot considering the CCI constraint only satisfies its threshold criteria throughout the coverage and is 

almost reaches its threshold at the boundary. Since the plot considering ACI constraint only violates the 

threshold criteria starting from the distance of 10 Km till the boundary, it suggests that the aggregate 

CCI is the one which causes the damage in that region. This is due to the fact that the ACI constraint only 

does not considers the CCI while determining the emission limits. So for the height of 30 m SUs it is 

shown that the damage is done by the CCI in the coverage region of 10 Km from the primary transmitter 

till the boundary. 

 

For SUs of 1.5 meters 

 

  

 

This part of the result shows the location probability variation for 1.5 m SUs with respect to the same 

radial distance along the coverage as mentioned before for different constraints as shown for 30 m SUs 

above. As seen in figure 6.17 no damage is present inside the coverage and closer to the TV transmitter 

since all the constraints satisfies the threshold and is much above it. However the plot considering the 

Figure 6.17: Variation of location 
probability with distance considering 
different constraints 

Figure 6.18: Variation of location 
probability with distance excluding ACI 
constraint 
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ACI constraint only, starts deviating from other plots and falls below the threshold much sooner than 

the others. Here the plot for ACI constraint only reaches the threshold (0.94) at about the distance of 

17.8 Km and falls below it and violates the LP requirement till it reaches the boundary where the 

location probability reaches 0.556 which is completely unacceptable for smooth reception. On the other 

hand, q1 always satisfies its threshold requirement which is the same as shown in previous figures. As 

seen in figure 6.18 the plot considering both constraints also satisfies its threshold requirement. 

Similarly the plot considering CCI constraint only closely follows the plot for both constraints and so it 

also satisfies its threshold requirement throughout the coverage. So from this figures it is seen that only 

the plot for ACI constraint only violates the threshold requirement. This suggests that there is damage 

present in the coverage from the distance of about 17.8 Km till the boundary and this damage at that 

region is done by the CCI. This is due to the fact that the ‘ACI constraint only’ does not consider the 

aggregate CCI while determining the emission limit. So for the height of 1.5 m SUs it is shown that the 

damage is done by the CCI in relatively smaller coverage region, i.e. from 17.8 Km from the primary 

transmitter till the boundary. 

 

Overall Analysis of variation in height for SUs using SE43 power allocation 

Here the variation of height is shown in terms of the dominating interference along the coverage and 

the damage done inside it. The first part of the result section illustrates the variation of interference 

ratio along the radial distance for different height that helps determine the dominating interference 

along the coverage. The result shows that for 30 m SUs, the CCI starts dominating from 11.2 Km 

distance, for 1.5 m SUs, the CCI starts dominating from 17.7 Km and for 8 m SUs, the CCI starts 

dominating from 16.3 Km away from the primary transmitter up to the boundary. Also, the ACI is 

dominating in the region closer to the TV transmitter and continues to dominate up to the distance of 

4.3 Km, 8 Km, 9.7 Km for the SUs of 30 m, 8 m and 1.5 m respectively. This suggests that as the height of 

the SUs increases, the CCI dominating region increases and with the decrease in SU height the ACI 

dominating region increases. 

Now the second part of the result illustrates where the damage is and who is causing the damage and 

how does it vary with different height SUs. For all the SU heights shown in the result, CCI causes the 

damage. However this damage present inside the coverage varies with the height of the SUs. For 30 m 

SUs, CCI causes the damage and violates the threshold requirement from the distance of 10 Km, for 1.5 

m SUs the violation is present from 17.8 Km and for 8 m SUs the violation is present from 14.3 Km away 

from the primary transmitter up to the boundary. 

Here as seen from the results, for SE43 power allocation, the CCI damage is always present even if it is 

only in a very small region inside the coverage for the small SU height which is not the case for the 

‘constant power’ method where there is no damage present for the SUs of 1.5 m. However, similar to 

the other power scheme, SE43 method also shows that the dominance shift point with respect to the 

CCI is found more inside the coverage as the height of the SU increases. Even for the height of 1.5 m, 

there is damage done by the CCI from 17.8 Km and the CCI dominance shift point for that height is at 
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17.7 Km. As mentioned before it is known that the effect of CCI is considerable from distant SUs 

whereas it is not the same for ACI. But unlike ‘constant power’ method where all the SUs have same 

power, SE43 allocate higher power to the SUs at the region closer to the primary transmitter whereas 

the power allocation keeps getting lower along the radial distance and is too low in the boundary region. 

And the victim receivers in the boundary and the area nearby are closer to those SUs that are located 

closer to their primary transmitter. Due to these reasons, the CCI dominance shift point is found more 

inside the coverage and the damage is present even for 1.5 m SUs for a smaller region.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

Chapter 7: Conclusion 
 

7.1 Conclusion 

This research project investigates the dominating interference from the secondary users in TVWS. Along 

with it, the damage or the harm in the primary system reception is investigated by finding where the 

damage is and who causes it. This work also investigates the effect of change in SU density and SU 

transmitter height in the interference behavior from the SUs in TVWS. There are two power allocation 

methods used by the SUs for analyzing all such problems and this work shows that the ‘constant power 

allocation’ is a fair method among the two. 

The research project addresses the question as to which is the dominating interference, where the 

damage is and who causes it. To investigate these problems, a specific scenario is chosen which 

constitutes of particular parameters as mentioned in the previous chapter. Here it is found that both ACI 

and CCI are found to be dominating inside the same coverage area. However, ACI is found to be 

dominating in the region closer to the primary transmitter whereas CCI is found to be dominating in the 

boundary and the region closer to it. And for the other region inside the coverage in between those two, 

the dominance is not obvious. On the other hand, the damage is only found in the boundary and the 

region closer to it. There is no damage present in the region closer to the primary transmitter which is 

due to same margin allocated to all the SUs inside the coverage. Here the result also shows that the 

damage is caused at that region by the CCI. The result shows that considering CCI constraint only, there 

is no harm or damage in the system. So it is desirable to just consider CCI constraint only since it always 

ensures the outage threshold requirement and causes no damage to the victim receiver. However the 

permissible power for the SUs with CCI constraint only is much lower than permissible power obtained 

by considering ACI constraint only.  

Here the variation of SU density is also investigated to determine the change in the behavior of the SU 

interference as a whole. For this the interference ratio is plotted with respect to different SU density. 

For both power allocation methods, it is found that the interference ratio remains almost the same with 

the change in density. This suggests that for the homogeneous deployment of SUs, the change in density 

does not change the interference behavior as a whole due to which the properties such as dominance 

and damage remains the same. 

 The variation of SU height is investigated at the end to determine the change in dominance as well as 

the damage done. In terms of dominance, it is found that as the SU height increases the dominating 

region of CCI increases and as the SU height decreases the dominating region of ACI increases. In terms 

of damage, it is found that the region of damage which is caused by the CCI gets decreasing as the SU 

height decreases and this region of damage increases with the increase in height of SUs. For the 

‘constant power method’ and for the SUs of 1.5 m, this property is followed by the SUs and the region of 

damage decreases to the extent that there is no damage found in the whole coverage region. Since the 

permissible power due to ACI constraint only is much higher than the permissible power due to CCI 

constraint only, the SUs of 1.5 m high can consider ACI constraint only using constant power method for 

optimum utilization of resources. As a whole it can be seen from both power allocation methods that as 
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the height of the SUs increases, the CCI dominating region and the region of its damage increases and 

with the decrease in SU height the ACI dominating region increases including the decrease in the region 

of damage . 

 

7.2 Future Work 

The density of SUs in this work has been considered to be homogeneous and uniform throughout the 

coverage. So in the future work, investigations can be carried out with different density of SUs which 

varies based on its location. More precisely, the density of SU deployment can be changed based on the 

received signal strength of primary system. For example, the density of SUs inside the coverage and 

closer to the primary transmitter can be higher as compared to the density of SUs in the region closer to 

the boundary.  

Here, as mentioned before, same interference margin has been used for all the SUs. So in the future 

work, investigations can be carried out where more aggressive scheme could be employed. This means 

that different margin can be used for different location SUs which can provide more insight to the 

damage analysis section. 
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