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Abstract: 

In recent years, the popularity and importance of mobile services increase rapidly thus increasing the 

demand towards spectrum resources. However, these resources are usually scarce and costly. 

Therefore, efficiently allocating the scarce resources is crucial. The Licensed Spectrum Access (LSA) 

approach has been introduced for efficient utilization of spectrum by using cognitive radio system 

(CRS) technology. One specific technique of LSA for mobile communications is Authorized Shared 

Access (ASA).  

 

In this thesis, the relevance of ASA for efficient spectrum utilization in mobile communications 

towards several ASA’s stakeholders of the spectrum resources (i.e., the regulatory bodies, the 

incumbent, the Mobile Network Operators (MNO)s and the society) are studied. Later, the methods of 

spectrum management, spectrum valuation and spectrum pricing are further explored. To analyze the 

value of the ASA spectrum, this thesis carried out a study to evaluate the viability of spectrum sharing 

by investigating the tragedy of anticommons and the tragedy of commons theories. Based on these 

theories, it is concluded that ASA spectrum sharing is capable of enhancing the spectral efficiency by 

avoiding the underutilization and overutilization (i.e., inefficient resource allocation) of the spectrum 

resources. Nevertheless, each group of ASA stakeholders has different interest on the spectrum, which 

complicates the valuation. 

 

To address this problem, the value of the spectrum is first categorized into three different groups; the 

regulatory value, the business value and the engineering value. After determining the influential 

factors on the value of the ASA spectrum for each category, multiple regression analysis of auctions 

in 12 EU countries between year 2009- 2013 is conducted to analyze the impact of each variable on 

the value of the ASA spectrum. The significance of influence and accuracy of each scenario is 

analyzed and derived through extensive evaluation of multiple scenarios. The results of the analysis 

are reflected in the thesis. 
Keywords      

Spectrum sharing, Licensed Shared Access (LSA), Authorized Shared Access (ASA), Tragedy of 

anticommons, Tragedy of commons, Regulatory value, Business value, Engineering value. 
Additional information     

 



Acknowledgement: 

First and foremost, I would like to express my sincere gratitude to my supervisor Professor Petri 

Ahokangas for his continuous support and advice. I also would like to convey my deep appreciation 

to my second supervisor, Dr. Marja Matinmikko for dedicating tremendous amount of time, effort 

and patience in mentoring me for conducting and finishing my thesis. Her input and comments on 

the methodology and analysis were crucial in helping me to progress and improve my analytical 

skill throughout this period. 

This thesis is not possible without their guidance and supports. 

To my parents for their endless love. 



CONTENTS 

1. INTRODUCTION............................................................................................... 9 

1.1 Background of the Research ................................................................... 10 

 Research objectives .................................................................................. 11 1.1

1.1.1 Purpose objectives .......................................................................... 11 

1.1.2 Research question ........................................................................... 12 

1.2 Terminology .............................................................................................. 13 

1.3 Research methodology ............................................................................. 14 

1.4 Outline of the research ............................................................................. 15 

2. SPECTRUM SHARING BY THE CRS TECHNOLOGY ........................... 17 

2.2 Overview of the spectrum sharing .......................................................... 17 

2.2.1 Types of the spectrum usage rights ................................................. 17 

2.3 Models of the spectrum management ..................................................... 18 

2.3.1 Approaches towards the spectrum sharing ..................................... 19 

2.3.2 Licensed Shared Access (LSA) regulatory framework .................. 22 

3.2.2 Authorized Shared Access (ASA) .................................................. 22 

2.4 Valuation of the spectrum ....................................................................... 24 

2.5 Models of pricing the licensed spectrum ................................................ 28 

3. VALUE OF THE ASA SPECTRUM .............................................................. 33 

3.1 Viability of the licensed sharing .............................................................. 33 

3.2 Regulatory value....................................................................................... 36 

3.2.1 Concerns of the incumbent ............................................................. 36 

3.2.2 Concerns of the MNOs ................................................................... 37 

3.2.3 Concerns of the society ................................................................... 39 

3.3 Business value ........................................................................................... 41 

3.3.1 Business value for D-MNOs ........................................................... 41 



3.3.2 Business value for C-MNOs ........................................................... 43 

3.4 Engineering value ..................................................................................... 45 

3.4.1 Engineering value for the D-MNOs ................................................ 45 

3.4.2 Engineering value for the C-MNOs ................................................ 46 

4. RESEARCH METHODOLOGY AND PROBLEM FORMULATION ..... 48 

4.1 Methodology of the research ................................................................... 48 

4.2 Problem formulation ................................................................................ 51 

4.2.1 The scenario for the regulatory value ............................................. 51 

4.2.2 The scenarios for the business value ............................................... 51 

4.2.3 The scenarios for the engineering value ......................................... 52 

5. RESULTS AND ANALYSIS ........................................................................... 54 

5.1 Results of the statistical analysis ............................................................. 54 

5.1.1 The regulatory value of the spectrum ............................................. 54 

5.1.2 The business value of the spectrum ................................................ 62 

5.1.3 The Engineering value of the spectrum .......................................... 80 

5.2 Discussion of the results ........................................................................... 92 

6. CONCLUSION ............................................................................................... 103 

6.1 Summary of the research ....................................................................... 103 

6.2 Theoretical implications ........................................................................ 107 

6.3 Managerial implications ........................................................................ 110 

6.4 Limitations and further studies ............................................................ 111 

7. REFERENCES ................................................................................................ 113 

 

 

 



Figure 1: Outline of the thesis .................................................................................................... 16 

Figure 2: Different types of spectrum usage rights .................................................................. 18 

Figure 3: Models of spectrum allocation. .................................................................................. 19 

Figure4: Methods for obtaining knowledge of spectrum availability. .................................... 22 

Figure5: Characteristics of ASA regulatory framework. (Ahokangas et al., 2013). ............. 24 

Figure6: Different perspectives on the value of the spectrum. (Ahokangas et al., 2013) ...... 25 

Figure 7: Models of pricing of licensed spectrum..................................................................... 32 

Figure8: Regulatory value of ASA spectrum. ........................................................................... 40 

Figure9: Business value for D-MNOs and C-MNOs. ............................................................... 44 

Figure10: The engineering value of the ASA spectrum. .......................................................... 47 

Figure 11: The regulatory, business and engineering value at a glance. .............................. 102 

 



7 

Table 1: Regional adoption of methods for assuring spectrum availability. ............................... 21 

Table 2: The exploratory variables to determine the value of the spectrum. .............................. 50 

Table 3: Scenarios for the regulatory, business and engineering value. ...................................... 53 

Table 4: Regression output1 ............................................................................................................ 55 

Table 5: Regression output 2 ........................................................................................................... 56 

Table 6: Regression output 3 ........................................................................................................... 58 

Table 7: Regression output 4 ........................................................................................................... 59 

Table 8: Regression output 5 ........................................................................................................... 61 

Table 9: Regression output 6 ........................................................................................................... 62 

Table 10: Regression output 7 ......................................................................................................... 64 

Table 11: Regression output 8 ......................................................................................................... 65 

Table 12: Regression output 9 ......................................................................................................... 67 

Table 13: Regression output  01  ....................................................................................................... 68 

Table 14: Regression output  00  ....................................................................................................... 70 

Table 15: Regression output 12 ....................................................................................................... 71 

Table 16: Regression output  02  ....................................................................................................... 73 

Table 17: Regression output 14 ....................................................................................................... 75 

Table 18: Regression output  01  ....................................................................................................... 77 

Table 19: Regression output  01  ....................................................................................................... 79 

Table 20: Regression output 17 ....................................................................................................... 80 

Table 21: Regression output  01  ....................................................................................................... 82 

Table 22: Regression output  01  ....................................................................................................... 83 

Table 23: Regression output  31  ....................................................................................................... 85 

Table 24: Regression output 30 ....................................................................................................... 87 

Table 25: Regression output 33 ....................................................................................................... 88 

Table 26: Regression output 32 ....................................................................................................... 90 

Table 27: Summary of the regulatory. business and engineering scenarios. ............................... 92 

 



8 

 

Diagram 1: Accuracy of the regression output 5 ............................................................................ 93 

Diagram 2: Accuracy of the regression output 13 .......................................................................... 95 

Diagram 3: Accuracy of the regression output 14 .......................................................................... 95 

Diagram 4: Accuracy of the regression output 15 .......................................................................... 96 

Diagram 5: Accuracy of the regression output 16 .......................................................................... 96 

Diagram 6: Accuracy of the regression output 21  ......................................................................... 98 

Diagram 7: Accuracy of the regression output 22  ......................................................................... 99 

Diagram 8: Accuracy of the regression output 32 ......................................................................... 99 

 



9 

1. INTRODUCTION 

The rise of the internet and smart devices such as smart phones and tablets, created a 

new experience in the web browsing journey. The users of the internet experienced the 

possibility of the real-time multi-media streaming, high resolution wide-screens and 

peer-to-peer content distributions. All these features expanded the use of the internet. 

Internet created the possibility, the experience and the concept of connectivity 

everywhere and anytime as an integral part of todays’ life. These changes increased the 

demand for more user friendly services, which are high bandwidth consuming. So, high 

bandwidth consuming applications opened their way to the basket of consumer services. 

(Caili Guo et al., 2006; Casey, 2009; Niyato et al., 2009).  

As the demand for these services increases, the need for more capacity and spectrum 

growth. So, there would be a pressure for more spectrum .The Mobile Network 

Operators (MNO)s should provide the required amount of the capacity for their 

customers. But, the regulatory bodies are the main responsible institutions on the 

spectrum allocation, so the pressure shifts to them. (Buddhikot, 2007; Fomin et al., 

2011; Zhong Fan et al., 2009).  

Spectrum is a scarce resource and it cannot be provided as much as demanded. 

Furthermore, based on the data provided by the US Federal Communications 

Commission (FCC) in its 2002 report of Spectrum Policy Task Force (SPTF), these 

resources are underutilized (Buddhikot, 2007). The best way to provide more of it, is 

efficiently utilizing the underutilized spectrum. There are claims that the current method 

of the spectrum allocation is not the best. The current method is the command and 

control method of spectrum allocation. It is based on allocation of a large amount of 

wireless radio spectrum in a large geographical area on a long-term contract basis to the 

license holders. Despite of the benefits of this method, such as control over the spectrum 

resources and avoiding harmful interference, it only has limited criteria for measuring 

and enforcing efficiency. (Akyildiz et al., 2006; Alptekin et al., 2008; Ballon et al. 

2009). Based on the evidences of the limited efficiency of the command and control 

method, some other methods of the spectrum allocation for fulfilling the demand had 

been proposed. One of these methods is the Licensed Spectrum Access (LSA).  The 

results of the debates in the European Union (EU) regarding more demand and 



10 

underutilization of the spectrum, is a complementary tool for the spectrum management 

to allow licensed spectrum sharing by focus on the efficiency. This method is called 

LSA. One specific type of this regulatory framework had been proposed by Nokia and 

Qualcomm. It is called Authorized Shared Access (ASA). ASA promotes spectrum 

sharing among a current spectrum holder as an incumbent and the MNOs. It should be 

mentioned that in this method of spectrum sharing, the incumbent cannot be a MNO. 

Sharing the licensed spectrum with the MNOs increases the efficiency of the spectrum 

resources. (Parcu et al., 2011; RSPG, 2011; RSPG, 2013, ECC, 2013). Determining the 

value of this type of spectrum is an important issue for the regulators, incumbent and the 

MNOs. So, they can promote this method of spectrum sharing. Valuation of the 

spectrum is done based on different criteria for its stakeholder. Therefore, it had been 

divided to the regulatory, business and engineering (Ahokangas et al., 2013). 

1.1 Background of the Research 

The traditional method of making more spectrum available is refarming. It means 

freeing currently allocated wireless radio spectrum bandwidth and using them for other 

purposes. This method is time consuming and costly. So, it is a long-term approach 

towards efficient spectrum management. (Ahokangas et al., 2012; Ahokangas et al., 

2013; Buddhikot, 2007; Casey, 2009; Zhong Fan et al., 2009). The proposed method in 

the ASA regulatory framework is spectrum sharing by using Cognitive Radio System 

(CRS) technologies as an alternative way to refarming (ECC, 2013). 

The CRS technology is an intelligent technology. It is aware of its environment. It can 

learn from the history, respond and adapt itself to the environment. It enables spectrum 

sharing among the users in a specific bandwidth. This ability can significantly improve 

spectrum utilization with lower cost and better accessibility. (Casey, 2009; Han et al., 

2007).This technology can promote efficiency through detection of the spectrum white 

spaces and allocating them to the users, with minimal amount of interference (Alptekin 

et al., 2008; Caili Guo et al., 2006; Fomin et al., 2011; Peha, 2013). CRS technologies 

utilize spectrum by detecting spectrum white space and the presence of licensed users. 

Then, it can find the best free channels to share (ITU-R, 2011). 
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Traditional spectrum regulation is based on the command and control spectrum 

management with rigid rules over ownership, use and integration of the spectrum 

(Ahokangas et al., 2012; Casey, 2009; Schneir, 2010) .This method is not efficient in all 

cases. The evidences of this problem are underutilization of the spectrum resources in 

the TV White Spaces (TVWS)s, public safety bands and the radio bandwidth allocated 

to the military.  Recently, there are some movements in the research and regulation, 

towards deregulation of the spectrum markets for opportunistic access by using CRS 

technologies. The purpose of these movements is to provide new on-demand wireless 

spectrum (Alptekin et al., 2008; Buddhikot et al., 2005; Caili Guo et al., 2006). But, 

they created legal debates on the market structure, policy and legal issues. Wireless 

spectrum regulatory bodies have concerns regarding losing control over the spectrum 

market; sever interference problems, allocation of unlicensed bandwidth and roaming 

between the networks. To overcome these concerns and at the same time to achieve 

improved spectrum utilization and customer satisfaction, the spectrum market regulators 

are going towards more flexible rules for the spectrum sharing. (Ahokangas et al., 2012; 

Attar et al., 2008; Szydelko et al., 2012; Frinsisco et al., 2008) . 

One of the recent promising approaches to overcome spectrum underutilization by 

considering the concerns of the regulators, is LSA. LSA is one of the efforts towards 

acquiring the spectrum efficiency by Radio Spectrum Policy group (RSPG) in the 

European Union (EU). It is currently under study in European standardization and 

regulations. A special case of the LSA regulatory framework is ASA regulatory 

framework. It targets spectrum sharing among an incumbent and MNOs in bands that 

are identified for International Mobile Telecommunications (IMT) bands, such as, 2.3-

2.4 GHz and 3.4-3.8 GHz. (ECC, 2013). 

 Research objectives 1.1

1.1.1 Purpose objectives 

As it had been mentioned in the previous parts, spectrum is a finite resource. Since the 

demand for the mobile communications is increasing, there is pressure on the MNOs 

and regulatory bodies whom issue the right of use to the MNOs, to provide the end 

users with more interference free spectrum. On the other hand, even though the current 
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method of the spectrum management is efficient for the D-MNOs, but it is partly 

dysfunctional regarding the efficiency concerns.  

Therefore, to provide more spectrum and efficiently utilize it, new methods of spectrum 

management had been proposed. One of these proposed methods is the ASA method of 

spectrum sharing by using CRS technologies (Nokia Siemens Networks, 2012; Thanki, 

2012). ASA regulatory framework had been proposed by RSPG 2011 in the EU region 

for acquiring spectrum efficiency (RSPG, 2013).  

The purpose of this research is to investigate the variables associated with the 

regulatory, business and engineering value of the ASA spectrum. To do so, the variables 

associated with the value of the spectrum had been derived. Then, an exploratory 

statistical analysis of the previous auctions had been implemented to measure the 

influence and importance of each of those variables on the value of the spectrum. Since, 

the ASA regulatory framework is still in process to be approved and implemented, the 

similar data from the previous auctions had been used to analyze the influential 

variables on the regulatory, business and engineering value of the spectrum. 

In the thesis, an overview of spectrum sharing, valuation methods and pricing of the 

spectrum is introduced. In the theoretical part, after discussing the viability of spectrum 

sharing, the regulatory, business and engineering value had been discussed and the 

influential variables on them had been investigated. So, eight scenarios had been 

derived. Then, multiple regression analysis had been done to measure the influence of 

each variable on the value of the spectrum in the previous auctions. Afterwards, based 

on the theories the expected regulatory, business and engineering value of the ASA 

spectrum had been analyzed. 

1.1.2 Research question 

Based on the literature and the purpose of the research, this thesis work is meant to 

answer the following research question: 

“How the value of the spectrum could form within the ASA regulatory framework?” 
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In addition, to investigate the answer to the main question of the research, two other 

research questions had been answered. 

“Who are the key stakeholders in the valuation of the spectrum in the mobile 

communications? 

“How the value of the licensed spectrum had been analyzed in the prior research?” 

1.2 Terminology 

 Authorized Shared Access (ASA): ASA is a spectrum sharing regulatory 

approach under LSA regulatory framework. It which allows licensed sharing of 

the underutilized spectrum by a limited number of right holders through an 

individual authorization scheme. It corresponds to the concept of LSA 

introduced by the RSPG in the EU region in November 2011 (RSPG, 2013). 

 Cognitive Radio (CR) technology: The concept of the CR technologies 

introduced by Joseph Mitola in his Ph.D. thesis. Haykin  defined it as “an 

intelligent wireless communication system that is aware of its surrounding 

environment (i.e., outside world), and uses the methodology of understanding-

by-building to learn from the environment and adapt its internal states to 

statistical variations in the incoming RF stimuli by making corresponding 

changes in certain operating parameters (e.g., transmit-power, carrier-

frequency, and modulation strategy) in real-time, with two primary objectives in 

mind: highly reliable communications whenever and wherever needed; efficient 

utilization of the radio spectrum.'' ( Haykin, 2005). 

 Cognitive Radio System (CRS) technology: ITU- 2011 defines CRS  as “a radio 

system employing technology that allows to obtain knowledge of its operational 

and geographical environment, established and protocols according 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”. (ITU-R, 2011). 

 Incumbent: In the LSA regulatory framework an incumbent is “A current holder 

of spectrum rights of use” (RSPG, 2013). 
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 Licensed Shared Access (LSA): LSA was introduced by The European 

Commission and studied by CEPT for the spectrum sharing. It was defined by 

RSPG11-392 as “A regulatory approach aiming to facilitate the introduction 

radiodcommunication systems operated by a limited number of licensees under 

an individual licensing regime in a frequency band already assigned or expected 

to be assigned to one or more incumbent users. Under the LSA framework, the 

additional users are allowed to use the spectrum (or part of the spectrum) in 

accordance with sharing rules included in their rights of use of spectrum, 

thereby allowing all the authorized users, including incumbents, to provide 

a certain QoS”. (RSPG, 2013). 

 Mobile Virtual Network Operators (MVNO)s: MVNOs are defined by ITU as 

“an operator who provides mobile communications services to users without its 

own airtime and government issued licenses”. (ITU, 2011; Ewenter et al, 2006). 

They are dependent on the infrastructure of The MNOs (Ewenter et al, 2006). 

1.3 Research methodology 

This thesis is a quantitative exploratory analysis of the variables influencing the value of 

the spectrum, to predict their influence on the value of the ASA spectrum. The data used 

for the analysis is the secondary data from the previous LTE auctions in four years; in 

2009-2013, in 12 EU countries. The data had been gathered through the announcement 

of the results of the auctions and the required data for information about the companies 

had been gathered through their websites.  

For analyzing the value of the spectrum from the previous auctions, simple linear 

regression and multiple linear regression analysis had been done. For the engineering, 

business and regulatory value, different scenarios for combining the variables by 

studying the literature had been defined. The statistical data had been used to explore 

the most important variables for valuation of the spectrum in each category. 

Furthermore, for determining the effectiveness of each variable in each scenario, the 

regression coefficients and the models had been analyzed. The results of the analysis 

shows the most important variables in assigning the value to the spectrum.  
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1.4 Outline of the research 

Figure1 presents the outline of the research. As it is indicated in Figure1, the thesis is 

organized as follows: In chapter 2, an insight to the spectrum sharing via the CRS 

technology is provided. This chapter is divided to three sections. The first section is 

devoted to an overview of the spectrum sharing and explanation of the different models 

of the spectrum management. Furthermore, an introduction of the LSA and the ASA 

regulatory frameworks are provided. Chapter 3 consists of defining the value of the 

shared spectrum. It is divided to four sections. In the first section investigates the 

viability of the spectrum sharing for resolving the problem of underutilization of the 

spectrum while avoiding its overutilization. In the second section the regulatory value of 

the ASA spectrum has been discussed. The third section is devoted to the business value 

of the ASA spectrum and in the fourth part, the engineering value of the ASA spectrum 

is discussed. Chapter 4 is devoted to the research methodology and problem formulation 

based on the different introduced scenarios. In the chapter 5, the results and their 

analysis are provided. Chapter 6 is assigned to the conclusion of the overall thesis.  
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Figure 1: Outline of the thesis 
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2. SPECTRUM SHARING BY THE CRS TECHNOLOGY 

In this chapter, different models for spectrum management and methods of the spectrum 

sharing by using the CRS technologies are studied. In addition, methods of valuation 

and pricing of the spectrum in the previous literature had been analyzed. 

2.2 Overview of the spectrum sharing 

2.2.1 Types of the spectrum usage rights 

Wireless spectrum is a common resource owned by the government. The regulatory 

bodies decide about its usage rights to different entities for any type of use such as TV, 

military or commercial (Matinmikko et al, 2013; Molleryd et al., 2010; Jorswiek et al., 

2010; Ileri, 2007, Le cadre et al., 2009). Two different types of usage rights had been 

defined; “licensed” and “unlicensed” (Berg et al., 2013; ECC, 2009). 

₋  “licensed” or “ individually authorized” use of radio spectrum means granting  

exclusive rights to utilize the spectrum in specified time, radio frequency and 

geographical area for making investment costs more acceptable, regulatory 

bodies allocate it on long-time and centrally controlled basis. (FM(11)116, 2011; 

FM(12)084, 2012; Berg et al., 2013; ECC, 2009). 

₋  “License-exempt” or “unlicensed” or in other words, operated 

under “general authorization”, is the spectrum allocation in predetermined 

conditions whenever it is available in any geographical region without any 

guaranteed QoS. This type of allocated spectrum is low cost and is good for 

innovation and research. It should be noted this type of spectrum is not suitable 

for QoS enabled applications. (FM(11)116, 2011; FM(12)084, 2012; Berg et al., 

2013; ECC, 2009). 
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Figure 2: Different types of spectrum usage rights  

2.3 Models of the spectrum management 
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unlicensed spectrum by the regulatory bodies or private actors. This model of spectrum 

management is called the “commons model” of spectrum management. (Lehr et al, 

2006; Brito, 2007; Hazlett et al, 2011) 

“Hybrid access models” of spectrum allocation is a new proposed method of spectrum 

allocation which accumulates the benefits of both licensed and unlicensed spectrum 

sharing. This method provides a larger bundle of possibilities for the spectrum 

allocation by combining licensed and unlicensed usage rights. (Berg et al., 2013; 

Stirling, 2011). 

 

Figure 3: Models of spectrum allocation. 
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For the reliable spectrum sharing by using the CRS technology, certain conditions 
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are summarized in Figure4 as; the “geolocation database”, “spectrum sensing” and 

“control channels” (Stevenson et al., 2009; Akyildiz et al., 2008; Da Silva et al., 2007; 

Fitch et al., 2011; Matinmikko, 2012). All these three methods were experimented in 

different countries and the results are shown in Table1. Applications of each method are 

studied as follows. 

₋  One of the most frequently used method for the spectral awareness by the CRS 

technologies is the “geolocation database” (Stevenson et al., 2009). In this 

method, location of each device would be determined by equipping all the CRS 

devices with the satellite-based geolocation technology. Information about the 

available spectrum would be stored in a database. The CRS devices could 

acquire information regarding the free spectrum through these databases.  

Therefore, the location is identifiable at any time. This method is more useful for 

the incumbent data in which the location is not changing frequently to avoid the 

cost of frequent update of the base station.  (Akyildiz et al., 2008; Da Silva et al., 

2007; Fitch et al., 2011; ITU-R, 2011). 

₋ The next method is the “spectrum sensing”.. In this method, the user senses the 

spectrum availability and utilizes the spectrum holes. The sensing is done by 

distinguishing between the signal and noise through processing the samples of 

the received radio spectrum. (Tandra et al., 2008; Zeng et al., 2009; Stevenson et 

al., 2009). Even though this approach does not require input from the incumbent, 

it has some serious limitations. It is unable to accurately determine the 

interference limit in the systems where the users coexist with the incumbents. So 

the detection of the spectrum holes and the interference estimation would be 

more difficult. Another problem is that spectrum sensing efficiency is low, 

because the CRS user should stop transmitting while sensing. Furthermore, 

when the CRS cannot sense the transmission by another node due to the 

technical limitations, it assumes that the spectrum is not occupied. It causes 

harmful interference. (Akyildiz et al., 2008; Stevenson et al., 2009; Matinmikko, 

2012). 

₋ The third method of acquiring spectrum awareness is using the “control 

channel”. It is a wireless channel in which the white space device would start 

transmitting only if it receives information regarding the availability of the 

spectrum holes. The examples of control channel methods are the Cognitive 
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Control Channel (CCC) and the Cognitive Pilot Channel (CPC). The CCC 

gathers information on the real time basis and delivers them to the CRS nodes in 

a given area. On the other hand, the CPC provides information on the spectrum 

holes when the CRS switches on and sends the information about the available 

spectrum frequencies. (Matinmikko, 2012). 

As mentioned earlier these methods had been tried in different countries to realize the 

pros and cons of each approach, the following table shows the results of these studies. 

Region Institute Year 
Type of 
License 

Spectrum 
Holes 

Analyzed 
Approaches 

Approved 
Approach 

US FCC 

2004 
 

2008 

License 
Exempt 

TVWS 

Geolocation 
databases 

and 
Spectrum 
Sensing. 

 

Regulation for 
both Sensing 

and 
geolocation. 

 
2010 

Exclusion of 
“geolocation 

database 
enabled” from 

spectrum 
sensing 

requirements. 

UK Ofcom 

2007 

License 
Exempt 

TVWS 

Spectrum 
Sensing, 

Geolocation 
databases 

and Control 
Channel. 

Geolocation 
database. 

2009 

Europe 

CEPT's 
SE43  

Working 
Group 

ECC  
Report  

159 

2010
-

2011 

License 
Exempt 

TVWS 

Spectrum Se

nsing, Geoloc

ation databas

es and Contr

ol Channel. 

Combination 
of geolocation 
database and 

spectrum 
sensing. 

ECC 2011 Licensed 
 

LSA 
Geolocation 

database 

Table 1: Regional adoption of methods for assuring spectrum availability. 

By studying the Table1, we can conclude that the geolocation database is the most 

accepted model to fulfill the requirements of the regulation. The ASA spectrum also 

uses the geolocation databases for spectral awareness. 
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Figure4: Methods for obtaining knowledge of spectrum availability. 

2.3.2 Licensed Shared Access (LSA) regulatory framework 

As discussed in Section2.2, LSA is a complementary spectrum management tool to the 

other regulatory frameworks. It allows licensed spectrum sharing with the licensed 

users by focusing on efficiency (ECC, 2013; RSPG, 2013; Matinmikko et al., 2013). 

The main characteristics of this regulatory approach are the guarantee of maintaining 

the radio spectrum use in the long-run, avoiding harmful interference 

and predictable QoS at a given location and time to both the individually authorized 

users and the incumbent (FM(11)116, 2011; FM(12)084, 2012). So, instead of 

excessive cost and time of refarming or spectrum clearing, the LSA would is an 

efficient way to utilize the spectrum. (RSPG, 2013). 

2.3.3 Authorized Shared Access (ASA) 

As it has been mentioned earlier, ASA is a regulatory framework for spectrum sharing, 

proposed by Nokia and Qualcomm which is in its trial phase in the EU (Parcu et al., 

2011; RSPG, 2011). It is a subcategory of the LSA framework and allows licensed 

spectrum sharing between an incumbent and the MNOs. The proposed technology for 

the ASA spectrum is LTE and LTE-Advanced (LTE-A) in 2.3-2.4 and 3.4-3.8 GHz. in 

which the incumbent shares the spectrum with the MNOs. Geolocation databases are 

used to avoid harmful interference and guarantee QoS over the IMT bands (ECC, 2013; 

Spectrum 
Availability, 

Methods 

Geolocation 
Databases 

Spectrum 
Sensing 

Control 
Channel 

Cognitvie Pilot 
Channel (CPC) 

Cognitive 
Control 

Channel (CCC) 
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RSPG, 2013; Parcu et al., 2011; RSPG, 2011). Figure5, provides a summary of the 

characteristics of ASA spectrum framework. 

To assure the sustainable and efficient applicability of the ASA regulatory framework, it 

should avoid harmful interference for both the incumbent and the MNOs. In addition, 

the amount of accessible spectrum, time and location should be identified accurately 

and both the incumbent and the MNO should be aware of the available bands and its 

occupancy. Therefore, information sharing and cooperation among them plays an 

important role in the applicability of the ASA. Taking these assumptions, this scheme 

can increase the efficiency in utilizing the underutilized bands by sharing with the 

licensed users (Parcu et al., 2011; RSPG, 2011).  

Four significant stakeholders had been defined by ASA regulatory framework. They are 

the administrative body, incumbent, ASA licensee and the society (FM(11)116, 2011; 

FM(12)084, 2012; GSMA, 2013). The administrative bodies in the spectrum market are 

the regulatory organizations responsible for the legal issues regarding spectrum sharing 

and the rules associated with the reallocation of spectrum via ASA. They are 

responsible for issuing licenses, determining criterion for spectrum sharing and easing 

coordination among the sharing partners and fulfilling the concerns of the soiety. 

Certainly, their role is vital for efficient spectrum sharing (FM(11)116, 2011; 

FM(12)084, 2012; RSPG, 2013). 

The incumbent user is the current spectrum holder, which is not using its allocated 

spectrum continuously. As the usage is not continuous, the spectrum can be shared a 

specified time and location. Furthermore, it is important that sharing would not cause 

excessive costs to their operations (FM(11)116, 2011; FM(12)084, 2012). 

The ASA licensee is a MNO, which is willing to buy ASA shared spectrum in a specific 

time, location and bandwidth without harmful interference with guaranteed QoS. In 

addition, required coordination between ASA licensee and incumbent should not cause 

any sort of extra cost to their own businesses (FM(11)116, 2011; FM(12)084, 2012). 

The society is the public which benefits from the spectrum. They are influenced by the 

decisions by the regulatory bodies, MNOs and the incumbents. One of the main tasks of 
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the regulatory bodies is to fulfill their requirements by increasing the economic and 

social welfare. It can be achieved by enacting appropriate rules on the spectrum 

resources to avoid excessive costs to the society. (Stirling et al., 2011; Azcoitia et al., 

2010; Cramton et al., 2011; FM(12)084, 2012; ECC, 2013; Alden, 2012).  

 
Figure5: Characteristics of ASA regulatory framework. (Ahokangas et al., 2013). 

2.4 Valuation of the spectrum 

Wireless spectrum is a valuable asset to the society. Assigning one methodology for 

valuation of the spectrum is difficult, because of the dynamic nature of the spectrum as 

a common resource and different stakeholders with different interests (Matinmikko et 

al, 2013; Molleryd et al., 2010; Jorswiek et al., 2010; Ileri, 2007, Le cadre et al., 2009; 

FM(12)084, 2012). But there are some criterions for its valuation. These criterions are 

showed in Figure6 and divided to three perspectives: The regulatory, the business and 

the engineering perspective. 

Furthermore, at the macro level, the influential factors in the spectrum valuation are the 

degree of scarcity of spectrum, national sovereignty in the associated rules with the 

spectrum market at the international level, maturity of the businesses related to the 

wireless spectrum and the expected growth of the businesses (Mölleryd, 2012; Alden, 

2011). In addition, for assessment of the value of the spectrum, the benefit that spectrum 
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adds to the society by easing the communication, providing jobs, military defense 

applications, satellite communications, TV and health care should be considered 

(FM(12)084, 2012; ECC, 2013; Alden, 2012). 

 
 

 

Figure6: Different perspectives on the value of the spectrum. (Ahokangas et al., 2013) 

The regulatory bodies are responsible for the spectrum allocation. Their challenge as the 

administrative organization for this task is to consider both the social and economic 

value of the spectrum. Additionally, the spectrum has very important applications such 

as its use in the national defense or international communications, which makes it even 

more difficult to value (Alden, 2012).  

The regulatory value of the spectrum can be defined based on the economic welfare of 

the additional spectrum to the society (Alden, 2012; Stirling, 2011; Webb et al., 1996; 

Brito, 2006; RSPG, 2013). In this section approaches to find the regulatory value of the 

spectrum is considered. 

The first approach is “calculating the percentage of GDP spent on radio communication 

and its impact on the economy”. Different elements in doing such analysis are the 

“multiplier effect” and “displacement effect” (Webb et al. 1996). The multiplier effect is 

the value added to the society by the companies through hiring the workforce, using the 

knowledge of the specialists, and educating the employees. This value is considered 

Wireless 
Spectrum 

Regulation 

Engineering Business  



26 

from the societal point of view (Webb et al., 1996). The displacement effect is the cost 

of providing services by spectrum allocation as compared to the possible similar 

services by other means or investment in the other sections. It is divided into two 

scenarios; the “opportunity cost” and the “immediate displacement”. When the 

economy is working at its full potential and the available resources are finite, the 

displacement effect is considered as the opportunity cost of having additional spectrum 

compared to allocating resources to other sectors of the economy. Immediate 

displacement is the cost of having a new service by utilizing the spectrum compared to 

the substitute services which are doing the same. This method is in the interest of both 

the MNOs and the society (Webb et al., 1996). 

The second approach to value the spectrum from the regulatory perspective is 

“estimating the consumer surplus”. In this approach, the demand curve for using the 

spectrum by the consumers is used to find the relationship between the assigned value 

by the consumers and the prices paid in the auctions by the MNOs. In addition, there are 

some other factors that should be included in the calculations; the  costs associated with 

utilizing the new spectrum, which is imposed on the society such as, the cost of 

importing infrastructure for new technologies, added cost of providing services and 

displacement effect to the consumers for using new technologies. Furthermore, from the 

regulatory point of view, the added value of the technology innovation, spectral policy 

reforms and enhanced competition leading to lower end user prices can also be added to 

the consumer surplus (Webb et al., 1996; Delaere et al., 2008).  

The next studied perspective regarding the spectrum is the business value. The business 

value of the spectrum can be considered as the opportunity cost of buying spectrum and 

the reduced cost of business compared to the alternative ways of providing more 

spectrum. In addition, the added value by acquiring the spectrum can be considered as 

the business value (Plum, 2011). 

By looking at the mobile communication market, it can be determined that the main use 

of the spectrum is by the MNOs, to provide mobile services to the society. (Bauer, 

2003; Ku et al., 2012). Therefore, the business value had been analyzed from MNOs’ 

point of view.  In this thesis, the MNOs had been divided to two groups of D-MNOs 

and C-MNOs. The former i.e., D-MNOs, are already established MNOs who have 



27 

access to the spectrum resources, established customer networks and infrastructure. C-

MNOs are the new entrants without customer networks and infrastructure and they are 

struggling to have access to the wireless spectrum. For both groups, flexibility of 

technology and services are important for valuation of the spectrum (Wallsten, 2013). 

There is a wide range of services which can be provided by the technological and the 

service flexibility. These services can facilitate making business out of the spending on 

the R&D department of the organization. As the interest of D-MNOs and C- MNOs are 

different, they consider the business value from different perspectives; however, both of 

them prefer flexibility and technological neutrality. Some other factors that influence 

the value of the spectrum from business perspectives have been analyzed as follows: 

The main interest of the MNOs is to maximize the revenue and fulfill the requirements 

of their customer networks. To do so, the D-MNOs value the spectrum based on the 

limited amount of competition and limited number of MNOs. Therefore, auctions and 

monopoly pricing to have exclusive right to the spectrum resources is considered as 

business value for them. These approaches put entry barriers on the C-MNOs and 

require already established levels of infrastructure and technology. From the social point 

of view, it could be suggested that this method is more efficient because they don’t push 

any excessive investment cost to the society. (Mastroeni et al., 2010; Webb et al., 1996).  

On the other hand, there are C-MNOs who are struggling to enter the market. Thus, 

flexibility of the technology and service, spectrum sharing, innovation, support from the 

regulation and enhanced competition is considered as business value for them. So they 

are more interested in the reserved prices for the new entrants and market pricing for 

enhanced competition. (Mastroeni et al., 2010; Schneir, 2010; Jorswieck et al., 2010). 

From the social point of view, enhanced competition can increase customer satisfaction 

by decreasing the end user prices. Additionally, infrastructure sharing can further reduce 

the marginal cost associated with the spectrum. (Alden, 2012; FM(12)084, 2012; Webb 

et al., 1996).  

The third perspective on the value of the spectrum is the engineering value. Physical 

characteristics of the spectrum determines its engineering value. (ECC, 2013; Wallsten

et al .,  2013; Bazelon et al., 2011). Consequently, it is based on the propagation 

characteristics such as frequency and bandwidth, allowed technology and the 
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infrastructure costs. Different approaches towards the engineering value had been 

proposed.  

The first proposed approach for the engineering value is to analyze the previous 

auctions and find the expected value of the spectrum by considering the allocated 

bandwidth. Then, by assessing the amount, allowed technology and the propagation 

characteristics, expected engineering value of the spectrum can be studied. (Mastroeni 

et al., 2010).The next method is to investigate the marginal value of the spectrum by 

finding out the capability of the allocated spectrum to support data rate compared to the 

cost of infrastructure to support the same data rate without buying more spectrum. 

(Marks et al., 1996; Mölleryd et al.  , 2011).The third proposed approach towards the 

engineering value of the spectrum is considering the additional profits gained by 

utilizing the additional spectrum compared to the alternative ways of providing the 

same services. So, the savings on the additional costs of the extra base stations for 

capacity boost is considered as the engineering value of the allocated spectrum. (Sweet 

et al.,  2002; Brito, 2006; Bazelon, 2011).   

2.5 Models of pricing the licensed spectrum 

In the previous sections, the different models of spectrum allocation had been discussed. 

Different pricing models exist for the monetary valuation of the spectrum. Additionally, 

as discussed in the previous section, spectrum is a common resource and many 

stakeholders are involved in assigning value to it. Consequently, pricing of spectrum is 

complicated. As presented in Figure7, in this part, some of the models of spectrum 

pricing are studied; “auction mechanism”, “market mechanism” and “administrative 

pricing”. (Ku et al., 2012; Berg et al., 2013).   

Nowadays, the most frequently used method of spectrum pricing in the mobile 

communications, is “auction mechanism. In the auction mechanism, the spectrum will 

be allocated to the customer who values it the most. Thus, the economic efficiency and 

maximization of the social value can be ensured. Even though, non-financial factors can 

influence the auction design. These factors are considered as fixed assumptions to be 

held. Financial factors are the main influential criterion for the decision making. (Ku et 
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al., 2012; Berg et al., 2013; Cramton et al, 2011; Ministry of Information and 

communication, 2006).  

There are different types of auction designs. In this thesis the “first price auction” and 

the “second price auction” for the licensed spectrum is studied. In the first bid auction, 

the bidders bid on a specific block or a package of the spectrum. The auction continues 

until there is no excess demand. The winner is the highest bid (Zehle, 2013). The second 

price auction is designed to ensure honesty, while revealing true value of the spectrum 

by the bidders. In this type of auction mechanism the winning bidder is the one who 

proposes the highest bid but only pays the amount of the second highest bid, (szydelko 

et al., 2012). 

Auction mechanism has some problems. In the auction, the number of licenses and 

bidders are limited. It leads to the market power and monopoly, which does not align 

with the goal of regulatory bodies to maximize the utility of the spectrum, elimination 

of excessive cost to the end users for the services, additional economic efficiency, 

promoting competition, avoiding spectrum hoarding and fairness. (RSPG ,0202; Alden, 

2012; Webb et al., 1996). Therefore, for solving these problems, the regulatory bodies 

put limitations on the maximum amount of spectrum in each geographical area which 

can be won. It is called the spectrum caps. The purpose of the spectrum caps is to avoid 

spectrum hoarding and promoting competition. (Cramton et al, 2011; Moore, 2010; 

Liopiros, 2013; RSPG, 2011; ComReg, 2012; Cave, 2010; Alden, 2012; Plum, 2011; 

Forge et al., 2012; Xavier et al., 2006). 

The D-MNOs have established markets, customer networks and infrastructure. They are 

utility maximizer and tend to take advantage of the private value of the spectrum. So 

they try to avoid competition, hoard spectrum and put barriers to the new entrants 

(RSPG, 2010; Alden, 2012). To limit boundaries to entry, decrease market power of D-

MNOs, ensure efficiency in the market and supporting new entrants, some auctions put 

the obligation to host MVNO on the D-MNOs. So the MVNOs can use their own 

licenses and share the infrastructure of the D-MNOs, to serve their customers. The 

reason is that the cost of infrastructure in telecommunication industry is so high that it is 

not possible for the new entrants to invest on the infrastructure without any established 

market. Furthermore, this action would decrease the excessive cost of additional 
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infrastructure to the society as an engineering and regulatory value. (Dewenter et al., 

2006, Brito, 2007).  

In these cases auction pricing is done in two main ways; the “reserve price” and “real-

time market price” at some bands. In the “reserve price” method the MVNO pays an 

amount to reserve some spectrum and at the time of use they pay the spectrum price. In 

the “real-time market” price, the MVNO pays at the time of the spectrum allocation. 

(Webb et al., 1996; Berg et al., 2013; Bae, 2009; Ku et al., 2012; Cramton et al., 2011). 

The next model of spectrum pricing is the “market mechanism”. Market mechanism is 

defined by Deardorffs' Glossary of International Economics as “the process by which a 

market solves a problem allocating resources, especially that of deciding how much of a 

good or service should be produced, but other such problems as well. The market 

mechanism is an alternative, for example, to having such decisions made by 

government”. In this method for spectrum pricing, the pricing is based on the marginal 

value of the spectrum. This method is efficient but, it is difficult to design because of 

variety of stakeholders and their relative interests. Each group of stakeholders; 

regulators, businesses and the society have different and sometimes conflicting interests. 

This is the reason which makes the market mechanism complicated. For example, 

consider promoting competition and supporting new entrants. These are the regulatory 

and engineering value since they promote innovation. Furthermore, they are business 

value for the C-MNOs. But they are not in the interest of the D-MNOs since they want 

to increase their own profits and prefer the market power, reduced competition and the 

limited number of licenses like in the case of auctions. The purpose of the market 

mechanism is to take in to account the social value of the spectrum as an influential 

factor in pricing in order to maximize the economic welfare of the society. (Azcoitia et 

al., 2010; Cramton et al., 2011). 

Two of the different models of market mechanism are the “simple cost model” and 

“Long-Run Economic Cost (LRIC)” model (Azcoitia et al., 2010). Simple cost model is 

based on the theory of supply and demand. The theory states that market efficiency can 

be enhanced when interests of the society can be satisfied at the minimum cost. So a 

positive correlation exists between the demand and the market efficiency at a minimum 

optimal cost. (Azcoitia et al., 2010). LRIC model is an economic model whose objective 
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is to increase efficiency in the mobile network business while minimizing the cost. It 

considers the future marginal cost of the spectrum on the economy by taking in to 

account the cost of the additional network and its efficiency. (Azcoitia et al., 2010). 

The third studied model of spectrum pricing is the “administrative pricing”. Spectrum is 

a common resource and different users in various priority levels can take advantage of 

it. Therefore, a behavioral model of spectrum pricing based on the social value of the 

spectrum for the stakeholders has been formed, to put license fee on the spectrum. 

Administrative pricing is one of these behavioral models. This model is divided to two 

categories of “Administrative Incentive Pricing” (AIP) and “regulatory pricing”. 

(Szydelko et al., 2012).AIP model evaluates a specific measure of efficiency and 

assigns prices based on the utility of the stakeholders in the spectrum market. 

Methodology of pricing in this model is based on the decrease in the utility of other 

players as one player acquires spectrum. In the other words, incentive pricing is the 

price paid for the opportunity cost for other operators, if one operator wins the 

spectrum. (Szydelko et al., 2012; Ku et al, 2012). The regulatory pricing is a model of 

estimation of the spectrum value solely from the regulatory point of view without any 

consideration of the interests of the other market players. (Ku et al, 2012). 
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Figure 7: Models of pricing of licensed spectrum 
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3. VALUE OF THE ASA SPECTRUM 

The purpose of LSA regulatory framework is to facilitate spectrum sharing by exclusive 

usage rights. ASA is the application of LSA to mobile communications that allows 

licensed sharing among the incumbent and the MNOs for using the LTE and LTE-A 

technologies for example in 2.3 and 3.8 GHz (ECC, 2013). Proper enforcement of this 

regulatory approach is challenging due to complexity associated with different 

stakeholders, their interests and dynamic characteristics of the spectrum as a scarce 

resource (FM(11)116, 2011; FM(12)084, 2012; GSMA, 2013; Matinmikko et al, 2013). 

Furthermore, studying the viability of the licensed spectrum sharing is crucial. 

Afterwards, the value of the spectrum would be analyzed from the “regulatory”, 

“business” and “engineering” perspectives. (Ahokangas et al., 2013; Alden, 2012; 

Wellsten, 2013) 

3.1 Viability of the licensed sharing 

In this section, the viability of the spectrum sharing is analyzed by using the "tragedy of 

anticommons". The theory was introduced by Michelmann in 1982 and developed by 

Heller in 1998. The tragedy of anticommons studies the problem of underutilization of 

the common resources. Based on the theory, existence of the multiple owners for the 

scarce common resource with the right of exclusion to use, leads to underutilization of 

them. (Heller, 1997; Heller et al., 1998; Ostrom, 1990; Parisi, et al., 2000; Depoorter et 

al, 2001; Sim et al, 2002; Vanneste et al., 2006; Schulz et al., 2002). In the other words, 

the right holders, occupy the whole resources to fully benefit from their right, although 

they don't need all of it.  This problem leads to avoiding competition and hoarding the 

common resource. This problem is the result of the rigid rules. 

The tragedy of anticommons explains the circumstances of over-regulation of the 

common resources. Over-regulation is inefficient because the agents in the market try to 

use their right to exclude by the licenses. Therefore, the need of the common resource 

and its use are not compatible. This is the case which happens in the command and 

control method of spectrum management.  (Xavier et al, 2006; Ileri, 2007; Alden, 2012; 

Brito, 2007; Schulz et al., 2002).  
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Based on this theory, the command and control model of spectrum management might 

be inefficient in some cases. In this method, the rules regarding the spectrum resources 

imposed to MNOs are very restricted. Many rules such as, the license holders, the right 

to lease, the bandwidth, type of the technology and the services are predetermined, are 

provided by the license. (Xavier et al, 2006; Ileri, 2007; Alden, 2012; Brito, 2007). 

Therefore, it leads to the opportunistic behavior of the MNOs. Examples of such 

opportunistic behaviors are spectrum hoarding, monopoly pricing and market power, 

which are harmful to the third party stakeholders of the spectrum resources. (Buchanan 

et al., 2000; Parisi, et al., 2000; Depoorter et al, 2001; Sim et al, 2002; Vanneste et al., 

2006; Schulz et al., 2005). 

Some scholars proposed deregulation of the market such as, the open access model and 

the commons model for the unlicensed spectrum, to solve the problem of over-

regulation (Brito, 2007; Sim et al, 2002; Parisi et al., 2006).  But the licensed band has 

some requirements such as, avoiding harmful interference and guaranteed QoS, which 

makes deregulation inappropriate (Akyildiz et al., 2006; Alptekin et al., 2008; Ballon et 

al. 2009; Brito, 2006).The solution is enacting more flexible rules for the licensed 

spectrum (Xavier et al, 2006; Ileri, 2007; Alden, 2012; Brito, 2007). The objective of 

the ASA regulatory framework is providing more flexible rules. 

Another problem for the common resources is over-utilization in the absence of 

deterrent laws on the property right. It happens when a lot of agents utilize a scarce 

resource freely. They try to take advantage of it as much as possible (Ostrom, 2008; 

Feeny et al., 1990; Copeland et al., 2004). This problem is studied in the theory of the 

“tragedy of commons”. It had been introduced by Hardin in 1968 (Parisi, et al., 2000). 

 The theory states that when a lot of agents use a common scarce resource freely they 

tend to have opportunistic behavior. Therefore, they don’t care about the consequences 

of their actions on the third parties and the tragedy of commons and overutilization of 

the common resources occurs (Agrawal, 2001; Lehr et al., 2006; Wade et al., 1987). The 

costs occurred by such behavior should be mitigated by enacting rules with intervention 

of a third party. It could be the regulatory bodies or a group of private individuals 

(Brito, 2007). Thus, the tragedy of commons could be mediated. Enacting the rules for 
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the spectrum sharing, should not lead to overutilization of the spectrum. (Hardin, 1968; 

Ileri, 2007; Johansson, 2007). 

Some requirements exist for the type of the services offered by the licensed users. These 

services need guaranteed QoS and interference influences their services. Overutilization 

of the spectrum causes harmful interference and the QoS cannot be guaranteed. So it is 

an important concern for the MNOs (Akyildiz et al., 2006; Alptekin et al., 2008; Ballon 

et al. 2009; Brito, 2006; FM(11)116, 2011; FM(12)084, 2012). 

In the ASA regulatory framework, harmful interference could have severe influences on 

the activities of the incumbent. Furthermore, for the MNOs, unacceptable QoS would 

influence their businesses and interference to their systems also might be harmful to 

their activities, and their customers. While, the end user satisfaction is one of the main 

concerns of the MNOs and the regulators. (FM(12)084; 2012; ECC, 2013; Timus et al., 

2009).By the proper spectrum sharing rights, the tragedy of anticommons and the 

tragedy of commons could be avoided. To balance efficiently utilization of the spectrum 

market, the ASA regulatory framework is proposed. In this method, the exclusive 

property rights by the regulatory bodies exist, but it is not over-ruled.  

Some solutions had been proposed by the telecommunication scholars, which should be 

included in the ASA regulations. The solutions are putting exclusive rights to avoid 

harmful interference and guaranteed QoS. At the same time, the spectrum sold via the 

ASA regulatory framework should be technology neutral and flexible, support new 

entrants through some legal acts and avoiding spectrum hoarding and market 

power.(FM(12)084; 2012; ECC, 2013).  

The criteria in this section are mainly related to the functionality of ASA regulatory 

framework. The other important elements regarding the value of the ASA spectrum 

would be studied in the following sections by analyzing the regulatory, business and 

engineering value of the spectrum. 
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3.2 Regulatory value 

 

As it had been mentioned in the previous chapters, different stakeholders are involved in 

the ASA spectrum; one of these stakeholders is the incumbent, which is sharing its 

exclusively allocated spectrum with the MNOs (FM(11)116, 2011; FM(12)084, 2012; 

GSMA, 2013; Alden, 2012). Since the incumbent does not pay for the spectrum, they 

cannot be compensated for sharing by money (Parcu et al., 2011; RSPG, 2011; RSPG, 

2013; Matinmikko et al, 2013; Molleryd et al., 2010; Jorswiek et al., 2010; Ileri, 2007, 

Le cadre et al., 2009). But the regulators and the ASA framework itself should protect 

their rights. Furthermore the MNO which is sacrificing buying exclusive right to the 

additional spectrum with spectrum sharing also needs incentives to assure benefits of 

using the ASA spectrum. Another important stakeholder in the spectrum is the society. 

The regulatory bodies have to make sure ASA spectrum sharing is beneficial to the 

society and adopt the rules to maintain the social benefit of the spectrum. (FM(11)116, 

2011; FM(12)084, 2012; GSMA, 2013; Alden, 2012; Anderson et al., 1998; McHenry, 

2011). Considering all aforementioned criteria, the regulatory values had been analyzed 

in three subcategories of “concerns of the incumbent”, “concerns of the MNOs” and 

“concerns of the society”, which all should be protected by the assumptions of the ASA 

framework. 

3.2.1 Concerns of the incumbent 

In the LSA regulatory framework, the incumbent is an entity with the right to use the 

spectrum. In the ASA regulatory framework, the incumbent has the right to use 2.3-2.4 
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GHz. or 3.4-3.8 GHz. They would share the spectrum with the MNOs. As it is 

mentioned in the previous section, one of the concerns of the incumbent in this process 

is interference. The regulatory bodies should ensure that harmful interference to the 

systems of incumbent by the licensee avoided. This is done through using the CRS 

technology and putting the obligation to the MNOs for avoiding excessive interference 

to the maximum agreed level (Akyildiz et al., 2008; Brito, 2006; Alden, 2011; Mangold 

et al., 2006; FM(11)116, 2011; FM(12)084, 2012; ECC Report, 2013). 

On the other hand for the proper applicability of the spectrum sharing, the licensee and 

the licensee should share information regarding the availability of the spectrum in a 

specific bandwidth, location and time (ECC, 2013; FM(12)084 , 2012; Plum, 2011; 

Wallsten et al., 2013). In addition, it had been predicted in the ASA framework that in 

the case of urgent need of bandwidth by the incumbent, the MNOs should be informed 

and freed the required spectrum. However, this notification should be within an agreed 

time interval and some actions should be taken to compensate the MNOs. So, 

cooperation among the agents is important but it should not cause any excessive cost to 

the incumbent (ECC, 2013). In general, any excessive cost due to the spectrum sharing 

such as the additional cost of implementation of spectrum sharing and using the CRS 

technology, information sharing regarding the location and the bandwidth of the 

spectrum and the additional cost of infrastructure and maintenance should be eliminated 

from the incumbent. (ECC Report, 2013; Stirling, 2011; FM(11)116, 2011; FM(12)084, 

2012). 

3.2.2 Concerns of the MNOs 

MNOs are businesses which offer mobile service to their customers. Their main concern 

is to fulfill customer satisfaction and make profit. They can buy the spectrum from 

auctions without sharing. Therefore, to encourage the MNOs for spectrum sharing, apart 

from lower spectrum prices compared to the spectrum auctions, the main characteristics 

of licensed spectrum should be held in the ASA spectrum (Berg et al., 2013,ECC, 2013; 

FM(12)084 , 2012). One of these characteristics is that the ASA spectrum should 

guarantee predictable QoS for the MNOs, which can be ensured by using the CRS 

technology (Casey, 2009; Han et al., 2007; Alptekin et al., 2008; Caili Guo et al., 2006; 

Fomin et al., 2011; Peha, 2013; Da Silva et al., 2007; Fitch et al., 2011). This 
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characteristic of the ASA spectrum gives some incentives to the MNOs to consider 

using it (; ECC Report, 2013; RSPG, 2013). 

Since, the ASA spectrum should be comparable with the licensed spectrum; duration of 

the license should be long enough to be profitable for the investment (FM(11)116, 2011; 

FM(12)084, 2012; ECC Report, 2013; Wallsten, 2013; Mangold, et al., 2006; RSPG, 

2010; Stirling et al., 2011).. In addition, as it had been mentioned in the previous 

section, to avoid the the tragedy of anticommons and the tragedy of commons, the 

shared spectrum should allow technological neutrality, flexibility and utilizing new 

technologies (Ileri, 2007). So, the productivity of the ASA spectrum increases and it 

becomes more interesting for the MNOs.  

Moreover, in the aforementioned mentioned situation of the urgent need to the shared 

spectrum by the incumbent, the MNOs should have sufficient time for spectrum 

reallocation. It should be considered that the criteria for considering such an 

announcement as urgent, need to be defined by the ASA regulatory framework. 

Additionally the incumbent should assure the licensee for having access to a minimum 

level of spectrum in certain amount of time, specific location and bandwidth 

(FM(11)116, 2011; FM(12)084, 2012; ECC Report, 2013; Stirling, 2011). Anyhow, one 

of the deficiencies of the ASA spectrum is the urgent need and the issues related to it, 

which should be mitigated by some policies such as compensations or the requirement 

of cooperation, to make ASA spectrum desirable for the MNOs.  

As it had been mentioned in the concerns of the incumbent, both licensee and the 

licensee should cooperate and exchange information regarding the location, the time of 

occupancy and the bandwidth. The exchange of such information could be difficult. 

Furthermore, the information might be so much volatile. A solution to the problem of 

the complexity could be using the ASA geolocation database approach with the 

information of the shared spectrum and an ASA controller to determine the free bands. 

It should be considered that, these solutions should not constitute any additional costs to 

either the incumbent or the MNOs  (FM(11)116, 2011; FM(12)084, 2012; ECC Report, 

2013).  
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3.2.3 Concerns of the society 

One of the main and the most important factors in the different models of spectrum 

allocation, valuation, pricing and efficiently utilization of the spectrum is the concerns 

regarding the society; economic welfare, economic efficiency and fairness (RSPG ,

0202 ; Alden, 2012). Spectrum resources are common resources, owned by the 

government. Therefore, they should fulfill the concerns of the society. Additionally, one 

of the main concerns of spectrum sharing is to improve the overall efficiency of 

spectrum use (ECC, 2013). So, ASA rules of spectrum sharing should be enacted just if 

they benefit the society. Moreover, one of the main objectives of the spectrum sharing is 

enhancing efficiency in the spectrum use. For the ASA regulatory framework it is done 

via guaranteeing additional exclusive rights. But these regulations should be 

flexible enough to encourage innovation and competition. (FM(11)116, 2011; 

FM(12)084, 2012; US Congress, 1993; Cramton et al., 2011).  

As demonstrated earlier in the “valuation of the spectrum”, for the MNOs, spectrum has 

private value, which may lead to market inefficiency, monopoly and spectrum hoarding. 

In addition, exclusive rights to the spectrum resources can ease this type of behavior 

(Heller, 1997; Heller et al., 1998; Ostrom, 1990; Parisi, et al., 2000; Depoorter et al, 

2001; Sim et al, 2002; Vanneste et al., 2006). To avoid this problem, ASA framework 

should emphasize on supporting the new entrants to the market. There are some actions 

which can be done based on the decisions by the national sovereignties. Encouraging 

actions such as, obligation to host MVNO, which also helps to promote infrastructure 

sharing and decreases the consumer surplus (Webb et al., 1996; Delaere et al., 

2008ECC, 2013; FM 53, 2013). Furthermore, the spectrum is a common resource and 

many non-profit organizations such as national defense, weather forecast and healthcare 

use it (FM(12)084, 2012; ECC, 2013; Alden, 2012; Brito, 2006; Alden, 2011). The 

ASA framework should not have any contradiction with  either the social value 

delivered by these not-for-profit organizations or the availability of spectrum to the 

consumers ( FM(11)116, 2011; FM(12)084, 2012) . 

Another important social value of the ASA framework is allocated to IMT bands  for 

promoting the use of these bands that are not yet available worldwide. Promotion of 

sharing these bands in the EU can help in developing standards, global harmonization 
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and globalization of the mobile communications., which would also reduce the costs 

due to roaming agreements (FM(11)116, 2011; FM(12)084, 2012; ECC Report, 2013). 

Figure 8 provides a summary of the discussions on the regulatory value of the spectrum. 

 

Figure8: Regulatory value of ASA spectrum. 
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3.3 Business value 

 

One of the main criteria to assign value to the spectrum is the business value of the 

spectrum. Business value is associated with the value of the spectrum to make business 

out of it (Plum, 2011; Bauer, 2003; Jung-Eun, 2012; Wallsten, 2013). For the case of the 

ASA spectrum sharing, the business value is analyzed in this Section. It has been 

analyzed from D-MNOs and C-MNOs, since in some cases business value of the ASA 

spectrum is different for them. 

3.3.1 Business value for D-MNOs 

Guaranteed QoS is one of the main concerns of the MNOs. Low QoS for the licensed 

spectrum decreases the business value of the spectrum, because customer satisfaction is 

the main objective of the MNOs (Brito, 2006; FM(12)084, 2012; ECC, 2013). 

Therefore, ASA is beneficial to the MNOs just if it has QoS at the same level as the 

exclusive spectrum rights. MNOs can efficiently benefit from the freed spectrum 

through ASA just with the guaranteed QoS. Spectrum sharing should not influence their 

business and clients in a harmful manner. Otherwise, it would not be useful for them. 

(ECC, 2013; FM(12)084, 2012). Thus, ASA regulatory framework assures them, by 

using the CRS technology to acquire spectrum awareness. Additionally, the stability of 

the incumbent influences the predictability of the QoS. So, information about the 

identity of the incumbent is vital for the MNOs (FM(12)084, 2012). Furthermore, 

interference to the systems of the MNOs influences their businesses and the customer 
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satisfaction. Therefore, avoiding harmful interference by the incumbent to the MNOs is 

also important.  

Business value is associated with the possibility of making business out of the shared 

spectrum. Empirical data shows that the location and the coverage area are also 

important for the MNOs (Alden, 2012; Stirling et al., 2011; Wallsten et al., 2013). 

Therefore, the population of the geographic area and their demographic characteristics 

such as age and gender, types and number of businesses in the area and the political 

stability of the location would influence the business value of the ASA spectrum. Apart 

from the location of the free spectrum, the time of the free spectrum is also important 

for the MNOs based on the type of their business (Wallsten et al., 2013; Alden, 2012; 

RSPG, 2013). Furthermore, due to the characteristics of the spectrum, each bandwidth 

can be adopted for different use. It means, some bandwidth is more appropriate for 

mobile broadband services and some applications are more adaptable to perform in 

specific bandwidth (Wallsten et al., 2013; RSPG, 2013). 

Harmonization of the ASA spectrum helps MNOs to acquire economies of scale. Their 

cost would reduce and standardization makes sharing more possible (Bazelon et al., 

2011). In addition, they can increase their international activities by using harmonized 

bands, international agreements, collaboration with other countries and expanding their 

customer networks. (Bazelon et al., 2011; Alden, 2012; FM(12)084, 2012; ECC, 2013). 

Furthermore, technological neutrality and flexibility is vital to their businesses (Alden, 

2012; Stirling et al, 2011; Wallsten et al., 2012). This characteristic would also fulfill 

the main purpose of spectrum sharing which is efficiently utilization of the spectrum 

(Akyildiz et al., 2006; Alptekin et al., 2008; Ballon et al. 2009). MNOs can gain more 

profit from the same amount of spectrum if they are allowed to use different 

technologies and provide different services. (FM(11) 116, 2011; FM(12)084, 2012). 

In the ASA regulatory framework, apart from more competition due to the C-MNOs, 

infrastructure sharing is not considered beneficial from the D-MNOs’ perspective. 

Entrance of new competitors without the costs incurred by the D-MNOs might cause a 

phenomenon, which is called the theory of “ladder of investment”. The ladder of 

investment is a situation, which happens when the required investment for market entry 

is very low. So, the new comer can enter the market and build customer network to offer 
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services without incurring considerable costs compared to the mature businesses. 

Afterwards, they gradually invest on infrastructure and offer various services. Since, the 

D-MNOs are not compensated by the rents associated with their investment; it decreases 

their motivation to invest more on the infrastructure and innovation. This issue reduces 

the business value of the shared spectrum. (Cave et al., 2006; Cave et al., 2003).   

3.3.2 Business value for C-MNOs 

C-MNOs are new entrants to the telecommunication markets. In the command and 

control model of spectrum management, they do not have so many opportunities to 

enter the business and the only support for them is to act as MVNOs due to reserved 

prices for them. The cost of entrance to the telecommunication business is very high, so 

the C-MNOs cannot cover the sunk cost associated with the cost of infrastructure 

already covered by D-MNOs. The sunk cost is the main source of power and monopoly 

by D-MNOs. (Demsetz, 1967; Bailey, 1981; Kalmus et al., 2010; Johansson, 2007). 

Therefore, the government intervention is necessary to ensure fairness by facilitating 

entrance of C-MNOs to the market. The intervention of the government in the ASA 

framework, could be by allowing infrastructure sharing, obligation to host MVNOs and 

reserved prices as a source of business value for the C-MNOs (Alden, 2012; Cramton et 

al, 2011; Johansson, 2007). Furthermore, for the areas in which the D-MNOs are not 

willing to serve customers, C-MNOs can use the shared infrastructure to serve the 

demand (Philip et al., 2012; Pousttchi, 2009; Berkers et al., 2010; Alden, 2012; RSPG, 

2011). In the case of the ASA spectrum, allowing the new entrants and infrastructure 

sharing can be done based on the considerations of the national regulation (ECC, 2013; 

FM 53, 2013). In this thesis, the influence of infrastructure sharing has been analyzed 

by considering the obligation to host MVNOs as a case of infrastructure sharing. 

In addition, entrance of C-MNOs to the telecommunication market increases the 

competition. It means more flexibility, more options and lower prices for the customers 

and potential for new services and products.  This is considered as social value to the 

end users and business value and competitive advantage to the C-MNOs. So, they can 

acquire more customers and offer better services. (Cramton et al., 2011; Hazlett et al., 

2012; Stirling et al., 2011; Alden, 2012; Bailey, 1981; Ballon, 2009). 
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It should be mentioned that the characteristics of the ASA spectrum such as, avoiding 

harmful interference, guaranteed QoS, technology neutrality, flexibility, bandwidth, 

time, geographical location, population, demography of the population and amount of 

businesses and their types are also sources of business value for the C-MNOs for the 

same reasons it had been discussed for D-MNOs. Figure9, summarizes the business 

value of the ASA spectrum for the D-MNO and the C-MNO. 

 

Figure9: Business value for D-MNOs and C-MNOs. 
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3.4 Engineering value 

 

Thee spectrum can be valued from different perspectives. One of these criteria is the 

engineering value of the spectrum. The engineering value is associated with the added 

value by buying the ASA shared spectrum. Since the engineering value is associated 

with the type of business, it has been studied for the D-MNOs and C-MNOs. 

3.4.1 Engineering value for the D-MNOs 

The main engineering cost associated with the spectrum is the cost of infrastructure 

(RSPG, 2010; Stirling et al., 2011; Alden, 2012; Bazelon, 2011; Marks et al., 1996; 

Mölleryd and Markendahl  , 2011). Therefore, the engineering value to the ASA 

spectrum can be considered as the reduced cost of the additional base stations for 

serving the same amount of population compared to the cost associated with the ASA 

spectrum. In addition, the physical characteristics of the shared spectrum are important 

for assigning the engineering value (Wallsten et al., 2013; RSPG, 2013). Lower 

spectrum frequencies; require less investment and network construction costs to cover 

the same area. Furthermore, these bands need lower transmission energy. Lower 

frequencies are also more capable of penetrating walls and buildings. Therefore, they 

have more engineering value (Stirling et al., 2011; Wallsten et al., 2013; Bazelon et al., 
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2011). So, the ASA spectrum might be valuable in high frequency bands because of the 

lower cost. Thus, the MNOs can invest the surplus on more valuable band.  

Another important issue that influences the engineering value of the ASA spectrum is 

the location and the geographical area of the allocated bands (Stirling et al., 2011; Brito, 

2006; Alden, 2012). Flat lands are more appropriate for investment, because the cost of 

infrastructure to surmount the topographical barriers is high. In addition, the bigger 

areas require more base stations. Thus the engineering value of the ASA spectrum is 

more than the licensed spectrum in the big areas with more mountains (Alden, 2012). 

Climate situation and weather is another important factor regarding the spectrum. In the 

places with harsh weather conditions, the cost of installation and maintenance regarding 

the infrastructure is higher. (Alden, 2012). So in these areas the ASA spectrum has more 

engineering value. Additionally, the highest engineering value of the spectrum is 

associated with the low frequency, high population density and few topographical 

barriers. According to the empirical data, acquiring more spectrum with these 

characteristics is highly valuable (Alden, 2012; Wallsten et al., 2013; Bazelon et al., 

2011). Therefore, engineering value of the ASA spectrum with these characteristics is 

also high.  

Harmonization of the ASA spectrum is important for the MNOs. For international 

activities, the cost of required infrastructure for the harmonized bands is lower (Alden, 

2012; FM(12)084 0200 ;300, 020E ; ). Additionally, compatibility cost due to the 

differences in the technology and the devices would be eliminated. Furthermore, the 

technological upgrades and innovation is more applicable to these bands. Therefore, 

harmonized ASA spectrum adds to the engineering value. Technological neutrality in 

these bands also motivates innovation and technological development. Because, if the 

new technologies can be used under the ASA regulatory framework, the MNOs invest 

on more efficient and less costly new technologies (Alden, 2012; Wallsten at al., 2013). 

3.4.2 Engineering value for the C-MNOs 

As it had been mentioned earlier, the infrastructure cost is high in the 

telecommunication industry. So, the infrastructure sharing has high engineering value 

for them (Alden, 2012; Wallsten at al., 2013 ;Stirling at al., 2011; Schneir, 2010; 
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Jorswieck et al., 2010). In addition,   investment in R&D to find less expensive ways of 

deploying the ASA spectrum is vital for the C-MNOs. The ability to use the new 

technologies (Alden, 2012) is dependent on the technology neutrality of the ASA 

spectrum. Therefore technology neutrality is an engineering value for the C-MNOs. 

Physical and deployment characteristics of the ASA shared band, geographical and 

topographical situation, climate and weather and harmonization are also considered as 

the engineering value of the ASA spectrum for the C-MNOs. The important factors for 

the engineering value of the ASA spectrum is summarized in Figure10. 

 

 

Figure10: The engineering value of the ASA spectrum. 
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4. RESEARCH METHODOLOGY AND PROBLEM FORMULATION 

4.1 Methodology of the research 

As described in the previous chapters, this study aims at answering the following 

research question: 

“How the value of the spectrum could form within the ASA regulatory framework?” 

To answer this question and based on the analysis in the previous chapters, a 

quantitative exploratory statistical analysis had been done. The purpose of this analysis 

is to find the degree of significance of the influence of the different variables on the 

regulatory, business and engineering value of the spectrum. The ASA regulatory 

framework has not been enacted yet. So, there is not any data for valuation of the ASA 

spectrum. Therefore, to analyze the value of the ASA spectrum, the data from the 

previous auctions had been gathered based on the specifications of the ASA spectrum. 

So, it would stimulate the closest results to predict the value of the ASA spectrum. To 

achieve this purpose the secondary data from the previous auctions in 12 EU countries 

had been used.  

To answer the research questions, the secondary data from the previous auctions in 12 

countries of United Kingdom (UK), Germany, Italy, Portugal, Netherlands, Finland, 

Denmark, Romania, Spain, Ireland, France and Belgium had been gathered. 54 MNOs 

were studied for analyzing the regulatory value, 40 MNOs for the business value and 45 

allocated bandwidth for the engineering value had been studied. The logic to gather data 

from these countries is that the ASA framework would be enacted in the European 

Union (EU); therefore it would be a good fit to analyze the data in these countries. In 

addition, under the ASA regulatory framework, the shared spectrum is using LTE and 

LTE-A technology and the studied auctions also considered developing LTE technology 

as one of the allowed technologies.  The data had been gathered from a time frame of 

four years from 2009 to 2013. Due to the limitations regarding the data, analysis is done 

for MNOs as a whole and it is not divided to two groups of D-MNOs and C-MNOs.  
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The methodology for analyzing the data is simple and multiple linear regression 

analysis. The scatter plot of the available data from the previous auctions had been 

depicted. The results of the curve estimation and standard deviations showed that the 

most accurate relationship between the independent variables and the dependent 

variable is linear. In addition, collinearity between the variables had been examined. 

Therefore, different scenarios had been introduced to avoid the problem of collinearity. 

To answer the research question the value had been analyzed based on the money spent 

on per MHz spectrum in the previous auctions. The dependent variable is the 

“price/MHz” paid for the spectrum (in the analysis it is called the “price”).  Based on 

the analysis of Chapter3, the independent variable for determining the regulatory, 

business and engineering value of the ASA spectrum had been analyzed. Table2, 

summarizes the list of the analyzed variables from the previous auctions. 

In the regulatory value, the concerns of the incumbent, the concerns of the MNOs and 

the concerns of the society had been discussed. Even though the factors such as 

guaranteed QoS and avoiding harmful interference are very important for the regulatory 

value, but they are mostly associated with the functionality and viability of the ASA 

regulatory framework as discussed in the previous chapter. Furthermore, the analysis is 

based on the previous auctions, it is not possible to measure the influence of these 

factors on the value of the spectrum. Moreover, some factors did not exist in the 

previous auctions, so they cannot be measured, such as, the influence of additional cost 

of implementing ASA spectrum sharing, freeing spectrum in the case of urgent need. 

The factors which could be analyzed based on the available data from the previous 

auctions are the elements such as, avoiding spectrum hoarding and monopoly pricing, 

promoting competition and innovation by allowing the new entrants, infrastructure 

sharing to reduce the consumer surplus. 

For the business value, like the previous part, some factors are not possible to be 

measured, such as, avoiding harmful interference, harmonization of the spectrum bands 

and the influence of the reserved prices. But, there are some factors, which are 

measurable based on the available data and their implementation background in the 

previous auctions, such as, the current and the possible future demand, the duration of 

the licenses and the influence of infrastructure sharing. 
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The same as the aforementioned two situations, the engineering value also has the same 

limitation for statistical analysis. So the issues such as, the influence of the climate and 

harmonization of the ASA bands had not been considered in the regression analysis. 

But, the variables with available data, such as, propagation characteristics and the 

possible topographical situation of the area, which influences the cost of infrastructure 

and maintenance had been analyzed. These factors are precisely mentioned in Tables2, 

the element that each factor analyzes is explained in the influence column. 

Category 
Variable Independent/dependent Influence 

Price/MHz Dependent 
The value of  the 

spectrum. 

Regulatory 
value 

Market share independent 
Avoiding spectrum 

hoarding and market 
power. 

Obligation to host MVNOs independent 
Enhanced 

competition. 

Allowed new entrants independent 
Enhanced 

competition. 

Amount independent 
Avoiding spectrum 

hoarding. 

Business value 

Current Demnad independent Demand 

Population independent Demand 

Active population independent Demand. 

Number of businesses in the 
area 

independent Demand. 

Allowed new entrants independent 
Enhanced 

competition. 

Duration of the license independent 
Feasibility of the 

investment. 

Obligation to host MVNOs independent 
Infrastructure 

sharing. 

Area Km² independent Investment feasibility. 

Obligation to host MVNOs independent 
Infrastructure 

sharing. 

Engineering 
value 

Population independent Demand. 

Spectrum bandwidth independent 

The type of 
technology and the 

amount of customers 
to satisfy. 

Obligation to host MVNOs independent 
Infrastructure 

sharing. 

Population density independent Investment feasibility. 

Table 2: The exploratory variables to determine the value of the spectrum. 

The regression analysis would be based on the findings from Chapter3, regarding the 

variables associated with the regulatory, business and engineering value of the 
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spectrum. These variables are separated in Table 2, to make the problem formulation 

more clear. 

4.2 Problem formulation 

As described in chapter3, the regulatory, business and engineering value associated with 

the ASA spectrum is analyzed. These results led to the exploratory variables for 

determining the value of the spectrum in Table2. The problem is divided to three parts, 

regarding regulatory, business and the engineering value of the spectrum. 

4.2.1 The scenario for the regulatory value 

As described in Table 2, the variables associated with the regulatory value of the 

spectrum are determined as follows: 

1. The market share of the MNOs: influences  the market power  

2. Allowing the new entrants: influences enhanced competition and barriers to 

entry. 

3. Obligation to host MVNOs: influences the enhanced competition ,barriers to 

entry and infrastructure sharing  

4. Amount of the allocated spectrum: influences the market power. 

 r  =    (S) +   (C) +   (O) +    (N) 

 r : Price associated with the regulatory value 

S: Market Share 

C: Allowing new entrants 

O: Obligation to host MVNOs 

N: Amount of allocated spectrum 

  : Attribute 

4.2.2 The scenarios for the business value 

As described in Table 2, the independent variables associated with the business value of 

the spectrum are as follows: 
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1. Current demand: influences the demand. 

2. Population of the location: influences the potential demand. 

3. Active population (between 16-63 years old) of the location: influences the 

demand. 

4. Number of the active businesses: influences the demand. 

5. Allowing new entrants: influences the enhanced competition and barriers to 

entry. 

6. Duration of the license: influences the feasibility of the investment. 

Based on the above variables, four different scenarios are built by the independent 

variables which are related to the customer network of MNOs. Because of the problem 

of collinearity, it is impossible to consider the Current demand, Population, Active 

population and the number of active businesses in one scenario. Therefore, the 

following scenarios were built:  

1.  r  =    (D) +   (T) +   (O) +    (C)  

2.  r  =    (P) +   (T) +   (O) +    (C) 

3.  r B =    (  ) +   (T) +   (O) +    (C) 

4.  r  =    (  ) +   (T) +   (O) +    (C) 

 r : Price associated with the business value 
D: Demand 
C: Allowing new entrants (named competion in the formulas.) 
O: Obligation to host MVNOs 
T: Duration of the license 
P: Population 
  : Active Businesses 
  : Active Population 
  : Attribute 

4.2.3 The scenarios for the engineering value 

Based on the data from Table2, the following variables are discussed to observe the 

engineering value of the spectrum. 

1. Spectrum bandwidth: influences the value of the bandwidth. 

2. Population density of the area: influences the cost of infrastructure. 

3. Area Km² of the location: influences the cost of infrastructure. 
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4. Obligation to host MVNOs: influences the incentive to invest on the innovation 

and the infrastructure. 

Since, Area Km² and the population density of the area are highly correlated, it is not 

possible to include both of them in one scenario. Furthermore, a third scenario had been 

developed to consider the Population as a controlling variable with the Area Km². 

therefore, three scenarios were made as follows: 

1.  r  =    (F) +   (  ) +    (O)  

2.  r =    (F) +   (A) +    (O)  

3.  r =    (F) +    (A) +    (O) +     (P) 

 r : Price associated with the engineering value 
F: Spectrum bandwidth 
  : Population density 
A: Area Km² 
O: Obligation to host MVNOs 
P: Population of the area 
  : Attribute 

The variable    is the associated attribute to each independent variable regarding to the 

dependent variable. 

Perspective Number Scenario 

Regulatory value 1 
 r  =    (S) +   (C) +   (O) +    (N) 

 

Business value 

2  r  =    (D) +   (T) +   (O) +    (C) 

3  r  =    (P) +   (T) +   (O) +    (C) 

4  r  =    (  ) +   (T) +   (O) +    (C) 

5  r  =    (  ) +   (T) +   (O) +    (C) 

Engineering value 

6  r  =    (F) +   (  ) +    (O) 

7  r =    (F) +   (A) +    (O) 

8  r =    (F) +    (A) +    (O) +     (P) 

Table 3: Scenarios for the regulatory, business and engineering value. 

After finding the attributes, the significance of each factor had been analyzed. The next 

Chapter is aiming at showing the result of analysis. 



54 

5. RESULTS AND ANALYSIS 

In the first section of this chapter, the results of the simple and multiple regression 

analysis of the proposed scenarios are presented. In the second chapter, the analysis of 

the results are provided. 

5.1 Results of the statistical analysis 

To explore the value associated with the shared spectrum, empirical investigations on 

the secondary data from the LTE auctions in 12 EU countries had been analyzed. The 

auctioned spectrum is technology neutral with flexibility of the services. These factors 

are not included in the analysis because, when all of the auctions have this requirement, 

it could not be reflected in the regression analysis. Surveys and interviews might help in 

finding out the significance and influence of these variables.  In addition, since these 

auctions aimed at promoting LTE and LTE advanced technologies, they are considered 

technology neutral. 

The statistical methods used in finding the relationship between independent variables 

and dependent variable, are simple linear regression and multiple linear regression 

analysis. The degree of accuracy of each model has been reported. To find the degree of 

significance of influence of independent variables a p-value test had been used. 

5.1.1 The regulatory value of the spectrum 

1. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Market Share. 

The following table shows the results of the simple linear regression analysis for the 

influence of the Market Share as the independent variable on the value of the spectrum. 

ANOVA table states that the model is strongly significant in p< .001 and it is reliable 

since the amount of F is high. Therefore, the prediction ability of this variable is high. 

The coefficient table shows that by 1 level increase in the market share, the price 

increases by 622731335.201. The regression line for the data is as follows: 



55 

Y= 622731335.201S -1184517.623 

Subject to: 
S: Market Share 
 

 
Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .595a .354 .341 17636551.0452080 

 
a. Predictors: (Constant), Market Share 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 8853015480482933.000 1 8853015480482933.000 28.462 .000b 

Residual 16174492504051760.000 52 311047932770226.250   

Total 25027507984534700.000 53    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Market Share 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

T Sig. 

B Std. Error Beta 

1 

(Constant) -1184517.623 3164906.377  -.374 .710 

Market 
Share 

622731335.201 116726312.887 .595 5.335 .000 

 
a. Dependent Variable: Price/MHz 

 

Table 4: Regression output1 

The regression model based on the standardized coefficient shows that for any level 

increase in the market share the  price of the spectrum increases by (.595) Euros. 

 r =    (S)  

 r = .595 S  

Subject to: 
 r : Price associated with the regulatory value. 
S: Market Share 
  : Attribute 

The model summary shows that this model explains 35.4% of the changes in the price 

for this data. In addition, it explains 34.1% of the changes in the generalized model. 
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The result of the regression analysis indicates that MNOs with higher market share pay 

more for the spectrum. It can be concluded they do not take advantage of higher market 

share as a source of market power (Kumar David et al., 2001). 

2. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Competition. 

The following table shows the result of the regression analysis for allowed the new 

entrants vs. not allowed allowing them to enter the market on the value of the spectrum. 

The p-value test shows that the results are significant for p<.1 and in 10 out of 100 cases 

the results are not significant. 

The coefficient table shows that for each level of increase in the competition, the price 

of the spectrum decreases 13760996.566 Euros. So, the regression line is: 

Y= -13760996.566 C + 21784533.477 

Subject to: 
C: Competition 

Model Summary 

Model R R Square Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .260a .068 .044 23826652.9731254 

 
a. Predictors: (Constant), Competition 

 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 1607293395560448.000 1 1607293395560448.000 2.831 .100 

Residual 22140666284167988.000 39 567709391901743.400   

Total 23747959679728440.000 40    

a. Dependent Variable: Price/MHz 
b. Predictors: (Constant), Competition 

 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 (Constant) 21784533.477 6878162.254  3.167 .003 
 

Table 5: Regression output 2 

Based on the standardized coefficient, the regression model is as follows: 

 r  =    (C)  
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 r = -.26 C 

Subject to: 
 r : Price associated with the regulatory value. 
C: Competition 
  : Attribute 
 

The table summary shows that this model explains 6.8% of the changes in the price of 

the spectrum for this data set and 4.4% of the changes for the generalized model. 

The regression analysis shows that increase in the competition decreases the price of the 

spectrum. So, it increases the regulatory value. But the enhanced competition by 

allowing new entrants is not considered effectively in calculation of the regulatory value 

of the spectrum in which in the case of the ASA regulatory framework it should be 

considered more significantly to achieve more competition. 

3. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Obligation to host MVNOs (OHM) (Dummy variable, obliged vs. 

not obliged). 

The following table shows the result of the simple regression analysis for the dummy 

variable Obligation to host MVNOs and the price of the spectrum. The ANOVA table 

shows that the regression model is not valid in p<0.05 for this data and in 512 out of 

1000, the model does not fit. 

The coefficient table shows that by per additional Obligation to Host MVNOs the price 

increases 4873804.987 Euros. So, the regression line for this model can be written as 

follows: 

Y= 4873804.987 O + 8829380.394 

Subject to: 
O: Obligation to host MVNOs 
 

Based on the coefficient table, the regression model for the influence of the Obligation 

to Host MVNOs on the price of the spectrum is: 

 r  =    (O)  

 r = .091 O 

Subject to: 
 r : Price associated with the regulatory value. 
O: Obligation to Host MVNOs. 
  : Attribute 

As it is stated in the table summary, this regression model explains .8% of the changes 
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in the price for this data and in general it explains 1.1% of the cases. 

 
 

Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .091a .008 -.11 21847126.5310847 

 
a. Predictors: (Constant), OHM 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 208067225942999.900 1 208067225942999.900 .436 .512b 

Residual 24819440758591700.000 52 477296937665225.000   

Total 25027507984534700.000 53    

 
a. Dependent Variable: PriceMHz 

b. Predictors: (Constant), OHM 

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 8829380.394 3331655.562  2.650 .011 

OHM 4873804.987 7381772.110 .091 .660 .512 

 
a. Dependent Variable: Price/MHz 

 

Table 6: Regression output 3 

The regression model shows that the obligation to host MVNOs increases the regulatory 

value of the spectrum. But this independent variable is not considered effectively in the 

previous auctions, while if the obligation to host MVNOs or infrastructure sharing is 

considered by the regulators in the ASA regulatory framework, it is expected to have a 

significant influence on the regulatory value of the ASA spectrum. 

4. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Amount of the allocated spectrum. 

The next table shows the results of the regression analysis of the influence of the 

Amount of the allocated spectrum on the regulatory value of the spectrum. The 

ANOVA test shows that the results are significant in p< .05 which means the model can 

predict the changes in the price confidently. 

The coefficient table shows the following formula for the regression line: 

Y= -483330.024 N + 23142148.549 
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Subject to: 
N: Amount of the allocated spectrum 
 

The formula shows that by increase in the amount of the allocated spectrum, the price 

decreases 483330.024 Euros. Based on the standardized coefficient column, the 

regression model follows this formula: 

 

 r =    (N)  

 r = -.330 N  

Subject to: 
 r : Price associated with the regulatory value. 
N: Amount of the allocated spectrum. 
  : Attribute 

 
Model Summary 

Model R R 
Square 

Adjusted 
R Square 

Std. Error of the Estimate 

1 .330a .109 .088 17263263.02804500200000 

. Predictors: (Constant), Amount 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 1597133418168810.000 1 1597133418168810.000 5,359 ,025b 

Residual 13112891016520480.000 44 298020250375465.560   

Total 14710024434689290.000 45    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Amount 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

T Sig. 

B Std. Error Beta 

1 
(Constant) 23142148.549 5879854.581  3.936 .000 

Amount -483330.024 208783.447 -.330 -2.315 .025 

 
a. Dependent Variable: Price/MHz 

 

Table 7: Regression output 4 

Based on the model summary, this regression model can predict 10.9% of the changes 

in the price and 8.8% of the changes in the generalized model. 
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The regression model shows that increase in the amount of the allocated spectrum 

decreases its price. From the perspective of the regulatory value, one of the concerns of 

the regulators is to provide more spectrum and decrease the end user prices (Webb et 

al., 1996). As it is shown in the regression analysis, it happens in this case. 

5. Multiple linear regression 

Dependent variable: Price/MHz. 

Independent variables: Market Share.  

Competition (Dummy variable, allowed vs. not allowed.). 

Obligation to host MVNOs (OHM) (Dummy variable, obliged 

vs. not obliged.). 

Amount of the allocated spectrum. 

In the next table, the result of the multiple regression for the price of the spectrum had 

been derived. The ANOVA table shows that the model is strongly significant in p< 

.0001. 

The coefficient table shows the result for calculating the formula for the regression line. 

The unstandardized coefficients table shows that everything given, any level increase in 

the Market Share, increases the price of the spectrum 660479439.701 Euros, for any 

level increase in the Competition and the fixed Market Share and Obligation to Host 

MVNOs, the price increases 7170396.511 Euros, per level increase in the Obligation to 

Host MVNOs with fixed Market Share and Competition, the value of the spectrum 

decreases 575295.453 Euros and additional amount of the spectrum decreases its 

price  17356.462 Euros. 

So, the regression line for this model can be depicted by the following formula: 

 

Y= 660479439.701 S + 7170396.511 C - 575295.453 O - 17356.462 N -

 6285062.857 

Subject to: 
S: Market Share 
C: Competition 
O: Obligation to host MVNOs. 
N: Amount of the allocated spectrum. 

Based on the standardized coefficient the regression model is: 

 

 r  =    (S) +   (C) +   (O) +    (N) 

 r = .631 S +.134 C - .011 O - .037 N 

Subject to: 

 r : Price associated with the regulatory value 
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S: Market Share 

C: Competition 

O: Obligation to host MVNOs 

N: Amount of allocated spectrum 

  : Attribute 

 

 
Model Summary 

Model R R 
Square 

Adjusted 
R 

Square 

Std. Error of the Estimate 

1 .611a .373 .322 17892460.910468575000000 

 
a. Predictors: (Constant), Market Share, Amount, OHM, 

Competition 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 9340640270335046.000 4 2335160067583761.000 7.294 .000b 

Residual 15686867714199650.000 49 320140157432646.000   

Total 25027507984534700.000 53    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Market Share, Amount, OHM, Competition 
Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) -6285062.857 7829214,795  -.803 .426 

Competition 7170396.511 6656914,315 .134 1.077 .287 

OHM -575295.453 6430179,663 -.011 -.089 .929 

Amount -17356.462 55112,522 -.037 -.315 .754 

Market 
Share 

660479439.701 123882119.833 .631 5.332 .000 

 
a. Dependent Variable: Price/MHz 

 

Table 8: Regression output 5 

 

In addition, as it is stated in the summary table, this model explains 37.3% of the 

changes in price. In the generalized model, the model explains 32.2% of the changes in 

the price. 

The regression model is significant and as it was expected, the market share, 

competition, obligation to host MVNOs and the amount of allocated spectrum influence 

the regulatory value of the spectrum. But the influence of the competition, obligation to 

host MVNOs and the amount of the allocated spectrum is not significant. For the ASA 

spectrum, it is expected that these independent variables have a significant influence on 



62 

the regulatory value of the spectrum (Cramton et al., 2011; Hazlett et al., 2012; Stirling 

et al., 2011; Alden, 2012; Bailey, 1981; Ballon, 2009).  

5.1.2 The business value of the spectrum 

1. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Active Population in the area. 

The following table shows that the regression model is significant in p< .0001 and the 

coefficient table shows the formula for the regression line.  

 
Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .566a .321 .303 20335062.9841347 

 
a. Predictors: (Constant), Active Population 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 7620883003548170.000 1 7620883003548170.000 18.430 .000b 

Residual 16127076676180270.000 39 413514786568725.000   

Total 23747959679728440.000 40    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Active Population 

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 
-

3948393.902 
4896496.468  -.806 .425 

Active 
Population 

.717 .167 .566 4.293 .000 

 

Table 9: Regression output 6 

The formula for the regression line is: 

Y= .717   - 3948393.902 

Subject to: 

  : Active Population 
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Which means that for per person increase in the Active Population, the price increases 

.717 Euros. Furthermore, the regression model is as follows: 

 r  =    (  )  

 r  = .566    

Subject to: 

 r : Price associated with the business value. 

  : Active Population. 

  : Attribute 

The Active population in this model explains 32.1% of the changes in the price and it 

explains 30.3% of the changes in the generalized model. 

The regression analysis shows that when the demand in the form of the active 

population increases, it influences the business value of the spectrum. As it was 

discussed in the literature, it is an important factor in determining the business value of 

the ASA spectrum (FM(12)084, 2012; Alden, 2012; Wallsten et al., 2013). 

2. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Current Demand. 

The following table shows the results of the regression analysis associated with the 

influence of the Demand on the price. The results are significant in p< .001. The 

regression line can be demonstrated in the coefficients table as follows: 

Y= 1.289 D- 2612299.190 

Subject to: 

D: Demand 

The regression line shows that by every level increase in the Demand, the price 

increases 1.289 Euros. Based on this table, the regression model is: 

 r  =    (D)  

 r  = .546 D 

Subject to: 

 r : Price associated with the business value. 

D: Demand 

  : Attribute 
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The models show that increasing the demand of the MNOs by one degree increase price 

by .546 Euros. 

The summary table shows that this model explains 29.9% of the changes in the price of 

the spectrum for this data and 28.1% of the generalized model. 

 
Model Summary 

Model R R 
Square 

Adjusted 
R Square 

Std. Error of the 
Estimate 

1 .546a .299 .281 20666160.3840860 

 
a. Predictors: (Constant), Demand 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 7091442463918580.000 1 7091442463918580.000 16.604 .000b 

Residual 16656517215809860.000 39 427090185020765.750   

Total 23747959679728440.000 40    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Demand 

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 

-
2612299.190 

4833886.002  -.540 .592 

Demand 1.289 .316 .546 4.075 .000 

 
a. Dependent Variable: Price/MHz 

 

Table 10: Regression output 7 

The regression analysis shows that the increase in the current demand influences the 

business value of the spectrum. In the case of ASA spectrum it is expected to be 

influential in the business value of the spectrum. 

 

3. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Population. 

The table shows that the regression model is significant in p< .0001. The coefficient 

table shows the following regression line: 

Y= .476 P- 4248842.755 
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Subject to: 

P: Population in the area. 

 

The formula shows that for each level increase in the Population the price of the 

spectrum increases .476 Euros. 

Model Summary 

Model R R 

Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .550
a
 .303 .285 20606609.4456744 

 

a. Predictors: (Constant), Population 

ANOVA
a
 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 7187297918712714.000 1 7187297918712714.000 16.926 .000
b
 

Residual 16560661761015730.000 39 424632352846557.100   

Total 23747959679728440.000 40    

 

a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Population 

Coefficients
a
 

Model Unstandardized Coefficients Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) -4248842.755 5104319.800  -.832 .410 

Population .476 .116 .550 4.114 .000 

 
a. Dependent Variable: Price/MHz 

 

Table 11: Regression output 8 

Furthermore, the regression model is calculated as: 

 r  =    (P)  

 r  = .550 P 

Subject to: 

 r : Price associated with the business value. 

P: Population of the area. 

  : Attribute 
 

The summary table shows that this model explains 30.3% of the changes in the price on 

this data and in the generalized model Demand explains 28.5% of the changes. 
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The analysis indicates that business value is also influenced by the population of the 

area of the allocated spectrum. As it had been described in the literature, population is 

one of the criteria for assigning business value to the ASA spectrum (FM(12)084 , 

2012; Alden, 2012; Wallsten et al., 2013). 

4. Single linear regression 

Dependent variable: Price/MHz.  

Independent variable: Active businesses in the area. 

In the ANOVA table, F statistics test shows that the model is not statistically significant. 

The result of two-tailed p-value test shows that in 152 out of 1000 cases the model does 

not predict the outcome. The regression line associated with the model is: 

Y= 9.760   + 4041742.653 

Subject to: 

  : Active Businesses 

In the model the coefficient for the Active Businesses is 9.760 for every increase in the 

Active Businesses, an increase of 9.760 Euros is predicted in the price of the spectrum. 

The regression model associated is: 

 r  =    (  )  

 r = -.588    

Subject to: 

 r : Price associated with the business value 

  : The number of the active businesses in the area. 

  : Attribute 

In the model summary, the R-square shows the usefulness of the model for prediction. 

Therefore, the Active Businesses explains 5.2% of the changes in the price. In addition 

for the generalized model, the adjusted R-square explains the percentage of change in 

the dependent variable associated with the independent variable. In this model, 2.8% of 

the changes in the price can be explained by the Active businesses. 

The regression analysis shows that increase in the number of active businesses, decrease 

the business value of the spectrum which is not consistent with the expected results 

based on the literature (Wallsten et al., 2013).  
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Model Summary 

Model R R 

Square 

Adjusted 

R Square 

Std. Error of the 

Estimate 

1 .228
a
 .052 .028 24027932.8745571 

 

a. Predictors: (Constant), Active Business 

ANOVA
a
 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 1231638908983724.000 1 1231638908983724.000 2.133 .152
b
 

Residual 22516320770744708.000 39 577341558224223.800   

Total 23747959679728440.000 40    

 

a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Active Business 

Coefficients
a
 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 4041742.653 6644744.463  .608 .547 

Active 

Business 

9.760 6.682 .228 1.461 .152 

 
a. Dependent Variable: Price/MHz 

 

Table 12: Regression output 9 

5. Single linear regression 

Dependent variable: Price/MHz. 

Independent variable: Duration of the license. 

In the ANOVA table, F statistics test shows that the model is not statistically significant. 

The result of two tailed p-value test shows that in 222 out of 1000, the model does not 

predict the results. The coefficient for the Duration of the license is -2730094.964, 

which means increase in the Duration of the license, decreases the price of the spectrum 

2730094.964 Euros. So, the regression line for the model is: 

Y= -2730094.964 T+ 57863470.912 

Subject to: 

T: Duration of the license 

In addition, for every additional allowed new entrant, the price decreases by .348 Euros.  
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Model Summary 

Model R R 
Square 

Adjusted 
R 

Square 

Std. Error of the 
Estimate 

1 .195a .038 .013 24203154.1963401 

 
a. Predictors: (Constant), Duration 

 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 902045430707616.000 1 902045430707616.000 1.540 .222b 

Residual 22845914249020828.000 39 585792673051816.200   

Total 23747959679728440.000 40    

 
a. Dependent Variable: Price/MHz 
b. Predictors: (Constant), Duration 

 
Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 57863470,912 37111163.781  1.559 .127 

Duration 
-2730094.964 2200065.020 -.195 -

1.241 
.222 

 
a. Dependent Variable: Price/MHz 

 

Table 13 : Regression output  01  

Therefore the regression model is: 

 r  =    (T)  

 r = -.195 T 

Subject to: 

 r : Price associated with the business value. 

T: Duration of the license. 

  : Attribute 

The R-square shows that the prediction ability of this model explains 3.8% of the 

changes in the price of the spectrum and for the generalized model it explains 1.3% of 

the cases.  

The regression model shows that increase in the duration of the license, decreased the 

business value in the previous auctions. While based on the literature, increase in the 
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duration of the license would increase the feasibility of the investment and in the case of 

the ASA regulatory framework it is expected to have a positive influence on the 

business value of the spectrum (RSPG, 2010; Stirling et al., 2011). 

6. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Obligation to host MVNOs (OHM) (Dummy variable, obliged vs. 

not obliged). 

The following table shows the result of the simple regression analysis for the dummy 

variable Obligation to host MVNOs and the business value of the spectrum. The 

ANOVA table shows that the regression model is not valid in p<0.05 for this data and in 

522 out of 1000, the model does not fit. 

The coefficient table shows that by per level increase in the Obligation to Host MVNOs 

the price increases 5982767.679  Euros. So, the regression line for this model can be 

written as follows: 

Y= 5982767.679 O + 10737855.196 

Subject to: 

O: Obligation to host MVNOs 

Based on the coefficient table, the regression model for the influence of the Obligation 

to Host MVNOs on the price of the spectrum is: 

 r  =    (O)  

 r = .103 O 

Subject to: 

 r : Price associated with the business value. 

O: Obligation to Host MVNOs. 

  : Attribute 

As it is stated in the model summary of the regression, this regression model explains 

1.1% of the changes in the business value for this data and in general it explains 1.5% of 

the cases. 

The regression model shows that the obligation to host MVNOs increases the business 

value of the spectrum. Although, based on the literature this obligation might have 

unsure influences due to its effects on the D-MNOs since the obligation to host MVNOs 

decreases the barriers to entry and increases the business value of the spectrum 

(Mastroeni et al., 2010; Dewenter et al., 2006; Cave, 2006). This independent variable is 

not considered effectively in the previous auctions, while its influence should be 
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considered in the business value of the ASA spectrum. 

 
Model Summary 

Model R R Square Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .103a .011 -.015 24545369.8717963 

 
a. Predictors: (Constant), OHM 

 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 251427576140260.000 1 251427576140260.000 .417 .522b 

Residual 23496532103588180.000 39 602475182143286.800   

Total 23747959679728440.000 40    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), OHM 
 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 10737855.196 4339049.371  2.475 .018 

OHM 5982767.679 9261157.398 .103 .646 .522 

 
a. Dependent Variable: Price/MHz 

Table 14 : Regression output  00  

7. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Competition. 

The table shows the result of the regression analysis for allowed new entrant vs. not 

allowed on the value of the spectrum. The p-value test shows that the results are not 

significant for this data and 754 out of 1000 do not follow the model. The regression 

line is: 

Y= 2144672.301 C + 8233546.372 

Subject to: 

C: Competition 
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Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .044a .002 -.017 21917594.0167213 

 
a. Predictors: (Constant), Compeition 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 47699755480224.000 1 47699755480224.000 .099 .754b 

Residual 24979808229054468.000 52 480380927481816.900   

Total 25027507984534700.000 53    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Compeition 

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 8233546.372 5857723.397  1.406 .166 

Compeition 2144672.301 6806059.549 .044 .315 .754 

 
a. Dependent Variable: Price/MHz 

 

Table 15 : Regression output  12 

The coefficient table shows that for each level of increase in the competition, the 

business value of the spectrum increases 2144672.301 Euros. Based on the standardized 

coefficient, the regression model is as follows: 

 

 r  =    (C)  

 r = .044 C 

Subject to: 

 r : Price associated with the business value 

C: Allowing new entrants 

  : Attribute 

The table summary shows that this model explains .2% of the changes in the price of the 

spectrum for this data set and 1.7% of the changes for the generalized model. 

The regression analysis shows that increase in the competition increases the business 

value of the spectrum. But the competition is not considered effectively in calculation of 

the business value of the spectrum in which in the case of the ASA regulatory 

framework it should be considered more significantly to achieve more competition. 



72 

8. Multiple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Duration of the license. 

Active Population of the area. 

Competition. 

Obligation to host MVNOs. 

The next table consists of the multiple regression analysis associated with the above 

model. The results of ANOVA table show that the model is significant in p< .05. Based 

on the data from the coefficient table the regression line is as follows: 

Y= .646   - 6317728.524 C- 437018.102 T +5385177.918 O + 8248065.257 

Subject to: 

  : Active Population 

T: Duration of the license 

O: Obligation to host MVNOs 

C: Competition 

Which means everything constant, by per level increase in the active population the 

price increases .646 Euros and all the variables in the model is constant, one-year 

increase in the duration of the license, decreases the price of the spectrum 437018.102 

Euros. Furthermore, all other variables given, increase in the competition, decreases the 

price of the spectrum 6317728.524 Euros and increase in the obligation to host MVNOs 

increases the price of the spectrum 5385177.918 Euros. 

Based on the standardized coefficients, the regression model is: 

 r  =    (  ) +   (T) +    (C) +   (O) 

 r  = .511   - .031 T - .119 C + .093 O 

Subject to: 

 r : Price associated with the business value 

  : Active Population 

T: Duration of the license 

C: Competition 

O: Obligation to host MVNOs 

  : Attribute 

The table summary states that this model explains 33.6% of the changes in the price and 

it explains 26.2% of changes in the generalized model. The regression model shows that 
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the model predicts the changes in the price of the spectrum. The results of the table 

show that increase in the active population increases the business value of the spectrum, 

because the demand increases by the active population. It is expected that increase in 

the duration of the license increase the price of the spectrum, because longer periods of 

license gives more incentive to invest to the MNOs and increases the business value of 

the spectrum (RSPG, 2010; 429 Stirling et al., 2011). But in this model it is vice versa. 

 
Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .580a .336 .262 20929377.1745795 

 
a. Predictors: (Constant), Duration, Competition, Active 

Population, OHM 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 7978561838759367.000 4 1994640459689841.000 4.554 .004b 

Residual 15769397840969070.000 36 438038828915807.700   

Total 23747959679728440.000 40    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Duration, Competition, Active Population, OHM 
Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 8248065.257 36408595.352  .227 .822 

OHM 5385177.918 8939222.713 .093 .602 .551 

Competition 
-

6317728.524 
8306425.716 -.119 -.761 .452 

Active  
Population 

.646 .191 .511 3.378 .002 

Duration -437018.102 2046688.866 -.031 -.214 .832 

 
a. Dependent Variable: Price/MHz 

 

Table 16 : Regression output  01  

By increase in the competition, the price of the spectrum decreased. Increase in the 

competition should be investigated from the perspective of D-MNOs and C-MNOs. 

From the perspective of the D-MNOs, the business value of the spectrum decreases by 

increasing competition, while for the C-MNOs, the business value increases by increase 

in the competition (Cramton et al., 2011; Hazlett et al., 2012; Stirling et al., 2011; 

Alden, 2012; Bailey, 1981; Ballon, 2009). Therefore, the decrease in the price can be 
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seen in two ways: the business value decreased for the D-MNOs and increased for the 

C-MNOs. 

The obligation to host MVNOs increases the price of the spectrum. In this scenario, the 

business value of the spectrum increases from the perspective of the D-MNOs due to the 

rent associated with sharing the infrastructure (Mastroeni et al., 2010; Dewenter et al., 

2006; Cave, 2006). In addition for the C-MNOs, the business value of the spectrum 

increases due to the reduced cost of infrastructure and the opportunity of competition in 

the spectrum market (RSPG, 2010; Stirling et al., 2011; Alden, 2012; Bazelon, 2011). 

Furthermore, for the ASA regulatory framework, it is expected that the obligation to 

host MVNOs, duration of the license and the competition also has a significant 

influence on the price of the spectrum. 

9. Multiple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Duration of the license. 

Population of the area. 

Competition. 

Obligation to host MVNOs. 

In the following table, the result of the multiple regressions for the price of the spectrum 

had been derived. The ANOVA table shows that the model is significant in p< .05. 

Based on the coefficient table, the regression line is as follows: 

 

Y= .423 P - 803305.979 T - 6365239.834 C + 5042013.716 O + 14438941.201 

Subject to: 

P: Population 

T: Duration of the license 

C: Competition 

O: Obligation to host MVNOs 

The regression line shows that all other variables given, any level increase in the 

population, increases the price .423 Euros , for given all variables, per year increase in 

the duration of the license, decreases the price of the spectrum 803305.979 Euros.in  

addition , if all variables are considered fixed, increase in the competition decreases the 

price of the spectrum 6365239.834 and for constant level of all variables in the model, 

per level increase in the obligation to host MVNOs, increases the price of the spectrum  

5042013.716 Euros. 
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Model Summary 

Model R R 
Square 

Adjusted 
R Square 

Std. Error of the 
Estimate 

1 .566a .320 .245 21173273.2544342 

 
a. Predictors: (Constant), Population, OHM, Duration, 

Competition 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 7608889668678688.000 4 1902222417169672.000 4.243 .006b 

Residual 16139070011049750.000 36 448307500306937.700   

Total 23747959679728440.000 40    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Population, OHM, Duration, Competition 
Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 14438941.201 36345927.895  .397 .694 

OHM 5042013.716 9069793.409 .087 .556 .582 

Competition -6365239.834 8442395.222 -.120 -.754 .456 

Duration -803305.979 2052527.141 -.057 -.391 .698 

Population .423 .132 .489 3.214 .003 

 
a. Dependent Variable: Price/MHz 

 

Table 17: Regression output 14 

Based on the standardized coefficients, the regression model is: 

 r  =    (P) +   (T) +    (C) +    (O) 

 r  = .489 P - .057 T - .120 C + .087 O 

Subject to: 

 r : Price associated with the business value 

P: Population 

T: Duration of the license 

C: Competition 

O: Obligation to host MVNOs  : Attribute 

The model summary shows that the model explains 32% of the changes in the price and 

24.5% of the changes in the generalized model. 

The model shows that the spectrum in the more populated areas has more business 

value. As it had been discussed in the previous model, despite of the expectation, 
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increase in the duration of the license decreased the price and the business value of the 

spectrum. In addition, the competition also influenced this scenario the same as the 

previous scenario. The obligation to host MVNOs also has the same interpretation as the 

previous scenario. 

Furthermore, the expectation is that the obligation to host MVNOs, the competition and 

the duration of the license has a significant influence on the changes in the price for the 

ASA spectrum. 

10. Multiple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Current demand of the companies. 

Obligation to host MVNOs. 

Competition. 

Duration of the license. 

 

The ANOVA table for the above independent variables shows that the model is 

significant in p< .05. The coefficient table shows the result for calculating the formula 

for the regression line as follows: 

Y= 1.153 D - 927681.305 T - 6554297.080 C + 7069821.641 O 

+ 17591811.393 

Subject to: 

D: Current demand of the companies 

T: Duration of the license 

C: Competition 

O: Obligation to host MVNOs 

The unstandardized coefficients table shows that everything given, any level increase in 

the current demand, increases the price of the spectrum 1.153 Euros, by considering 

every variable in the model constant, per year increase in the duration of the license 

decreases its price 927681.305 Euros. for any level increase in the competition, other 

variables fixed, the price decreases 6554297.080 Euros and  per level increase in the 

Obligation to Host MVNOs with other variables constant, the price of the spectrum 

increases 7069821.641 Euros.  
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Model Summary 

Model R R 

Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .570
a
 .325 .250 21107168.5471060 

 

a. Predictors: (Constant), Demand, OHM, Duration, 
Competition 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 7709507372994610.000 4 1927376843248652.000 4.326 .006
b
 

Residual 16038452306733830.000 36 445512564075939.800   

Total 23747959679728440.000 40    

 

a. Dependent Variable: PriceMHz 

b. Predictors: (Constant), Demand, OHM, Duration, Competition 

Coefficients
a
 

Model Unstandardized Coefficients Standardized 

Coefficients 

T Sig. 

B Std. Error Beta 

1 

(Constant) 17591811.393 35885125.699  .490 .627 

OHM 7069821.641 8953686.739 .122 .790 .435 

Competition -6554297.080 8381867.407 -.124 -.782 .439 

Duration -927681.305 2039747.482 -.066 -.455 .652 

Demand 1.153 .354 .489 3.259 .002 

 
a. Dependent Variable: Price/MHz 

 

Table 18 : Regression output  01  

Based on the standardized coefficient the regression model is: 

 r  =    (D) +    (T) +   (C) +   + O 

 r = .489 D - .066 T - .124 C + .122 O 

Subject to: 

 r : Price associated with the business value 

D: Current demand of the company 

T: Duration of the license 

C: Competition 

O: Obligation to host MVNOs 

  : Attribute 

In addition, as it is stated in the summary table, this model explains 32.5% of the 
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changes in price of the spectrum. In the generalized model, the model explains 25% of 

the changes in the price. 

The result of the regression analysis shows that increase in the current demand increases 

the business value of the spectrum. As expected, the influence of the obligation to host 

MVNOs, the duration of the license and the competition didn’t change compared to the 

previous scenario. It is expected that the duration of the license, the obligation to host 

MVNOs and the competition significantly influence the price and business value of the 

ASA spectrum. 

 

11. Multiple linear regression 

Dependent variable: Price/MHz. 

Independent variable Number of active businesses. 

Obligation to host MVNOs. 

Competition. 

Duration of the license. 

For the above variables, the p-value test is not significant and in 143 out of 1000 case 

the model does not predict the results. The regression line for this model is shown in the 

coefficient table as follows: 

Y= 11.926    -924192.772 T - 18273441.790 C + 1907615.692 O 

+ 30278666.565 

Subject to: 

  : Number of the active businesses in the area 

T: Duaration of the license 

C: Competition 

O: Obligation to host MVNOs 

The coefficient table shows that  all the other variables given, per increase in the 

number of active businesses, the price of the spectrum increases 11.926, all other 

variables constant, increase in the duration of the license decreases the price of the 

spectrum 924192.772, in addition, if all variables are controlled, increase in the 

competition decrease the price of the spectrum 18273441.790 Euros and for all other 

variables constant, increase in the number of firms with obligation to host MVNOs, that 

price of the spectrum increases 1907615.692 Euros. 
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Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .412a .169 .077 23406465.1586940 

 
a. Predictors: (Constant), Active Business, Competition, 

Duration, OHM 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 4024905675622788.000 4 1006226418905697.000 1.837 .143b 

Residual 19723054004105648.000 36 547862611225157.100   

Total 23747959679728440.000 40    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Active Business, Competition, Duration, OHM 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 30278666.565 41348210.939  .732 .469 

OHM 1907615.692 11504173.348 .033 .166 .869 

Competition 
-

18273441.790 
8732455.809 -.345 -2.093 .043 

Duration -924192.772 2342426.907 -.066 -.395 .696 

ActiveBusiness 11.926 8.632 .278 1.382 .176 

 
a. Dependent Variable: Price/MHz 

 

Table 19 : Regression output  01  

Furthermore the regression model is: 

 r  =    (  ) +    (T) +    (C) +    (O) 

 r = .278    - .066 T - .345 C + .033 O 

Subject to: 

 r : Prcie associated with the business value 

  : Number of the active business 

   Duration of the license 

C: Competition 

O: Obligation to host MVNOs 

  : Attribute 

Furthermore, the model explains 16.9% of the changes in the price and for the 

generalized model it explains 7.7% of the changes in the price. This scenario shows that 

increase in the number of active businesses, increases the business value of the 

spectrum. The influence of the duration of the license, the competition and the 

obligation to host MVNOs is interpreted the same as the previous business scenarios. 
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The model is not significant for prediction of the changes in the price, but it is expected 

this scenario be significantly influential on the price of ASA spectrum. 

5.1.3 The Engineering value of the spectrum 

1. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Spectrum bandwidth. 

The results of the following table shows that the regression analysis is valid in p< .001. 

Model Summary 

M 
del 

R R 
Square 

Adjusted 
R Square 

Std. Error of the Estimate 

1 .667a .445 .432 13622905.58532570900000 

 
a. Predictors: (Constant), Frequency 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 6544347944874564.000 1 6544347944874564,000 35.264 .000b 

Residual 8165676489814730.000 44 185583556586698,400   

Total 14710024434689290.000 45    

 
a. Dependent Variable: Price/MHz 

Predictors: (Constant), Frequency 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 33678158.598 4334062.318  7.771 .000 

Spectrum 
bandwidth 

-5796073.284 976046.310 -.667 -5.938 .000 

 
a. Dependent Variable: Price/MHz 

 

Table 20: Regression output 17 

the coefficient table states the following formula for the regression line: 

Y= -5796073.284 F + 33678158,598 

Subject to: 

F: Spectrum bandwidth 
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The regression line states that increasing the bandwidth decreases the engineering value 

of the spectrum. Suppose increase from 800 MHz to a higher bandwidth decreases the 

engineering value 5796073.284 Euros. The regression model is as follows: 

 r  =    (F) 

 r = -.667 F 

Subject to: 

 r : Price associated with the engineering value 

F: Spectrum bandwidth 

  : Attribute 

As stated in the model summary, the model explains 44.5% of the changes in the 

engineering value of the spectrum and the in the generalized model it explains 43.2% of 

the changes of the engineering value. 

As it is expected, because lower frequencies are more valuable regarding the coverage 

area, penetration and the type of services, the engineering value of the lower frequencies 

is higher (Stirling et al.,2011; Wallsten et al., 2013; Bazelon et al., 2011; ECC, 2013; 

Mastroeni et al., 2010). 

2. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Population Density. 

The following table shows the influence of the population density in the area on the 

engineering value of the spectrum. The ANOVA table shows that the results are valid in 

p< .01 which is a good prediction model. The coefficient table shows the following 

formula for the regression line: 

Y= 98121.898    - 6309714.929 

Subject to: 

  : Population Density 

The regression line shows that by increase in the Population Density, the price increases 

98121.898. The regression model for these variables is: 

 r  =    (  )  

 r = .380 (  ) 
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Subject to: 

 r : Price associated with the engineering value 

  : Population density 

  : Attribute 
 

 
Model Summary 

Model R R 
Square 

Adjusted 
R Square 

Std. Error of the Estimate 

1 .380a .144 .125 16913065.30619232700000 

 
a. Predictors: (Constant), Population Density 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 2123746200422125.000 1 2123746200422125.000 7.424 .009b 

Residual 12586278234267160.000 44 286051778051526.560   

Total 14710024434689290.000 45    

 
a. Dependent Variable: PriceMHz 

b. Predictors: (Constant), Population Density 

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 
-

6309714.929 
6780895.371  -.931 .357 

Population 
Density 

98121.898 36011.147 .380 2.725 .009 

 
a. Dependent Variable: Price/MHz 

  

Table 21 : Regression output  01  

In addition, the table summary shows this model defines 14.4% of the changes in the 

price of the spectrum with the available data and 12.5% in the generalized model. 

The regression analysis that increases in the population density increases the 

engineering value of the spectrum (FM(12)084 , 2012; Alden, 2012; Wallsten et al., 

2013). As it had been discussed previously, more population density decreases the cost 

of infrastructure and increases the engineering value of the spectrum. 
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3. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Area Km². 

The following table shows the regression analysis of the Area of the coverage location 

of the spectrum. The p-value test shows that the result is significant under p<.01 which 

means it has good prediction ability. The coefficient table shows the following formula 

for the regression line: 

Y= 42.787 A - 731144.285 

Subject to: 

A: Area Km² 

 

Model Summary 

Model R R 
Square 

Adjusted 
R 

Square 

Std. Error of the Estimate 

1 .251a .063 .042 17698505.55711322000000 

 
a. Predictors: (Constant), Area 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 927592080661928.000 1 927592080661928.000 2.961 .092b 

Residual 13782432354027360.000 44 313237098955167.440   

Total 14710024434689290.000 45    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Area 

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) -731144.285 7229970.621  -.101 .920 

Area  42.787 24.864 .251 1.721 .092 
 

Table 22 : Regression output  01  

This means for each level increase in the Area Km², the price increases 42.787 Euros. In 

addition, based on the coefficient tables, the regression model is calculated as follows: 

 r  =    (A)  

 r = .251 A  

Subject to: 

 r : Price associated with the engineering value 
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A: Area Km² 

  : Attribute 

The summary table shows that the model explains 6.3% of the changes of the dependent 

variable and 4.2% of the changes in the generalized model. 

The regression model shows that increase in the area of the location increase the 

engineering value of the spectrum. But based on the literature, increase in the area km² 

increases the cost of infrastructure and decreases the engineering value of the spectrum.  

4. Simple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Obligation to host MVNOs (OHM) (Dummy variable, obliged vs. 

not obliged). 

The following table shows the result of the simple regression analysis for the dummy 

variable Obligation to host MVNOs and the price of the spectrum. The ANOVA table 

shows that the regression model is not valid in p<0.05 for this data and in 512 out of 

1000, the model does not fit. 

The coefficient table shows that by per level increase in the Obligation to Host MVNOs 

the price increases 4873804.987 Euros.  

So, the regression line for this model can be written as follows: 

Y= 4873804.987 O + 8829380.394 

Subject to: 

O: Obligation to host MVNOs 

Based on the coefficient table, the regression model for the influence of the Obligation 

to Host MVNOs on the price of the spectrum is: 

 r  =    (O)  

 r = .091 O 

Subject to: 

 r : Price associated with the engineering value 

O: Obligation to Host MVNOs 

  : Attribute 

As it is stated in the table summary, this regression model explains .8% of the changes 

in the engineering value for this data and in general it explains 1.1% of the cases. 

The regression model shows that the obligation to host MVNOs increases the 

engineering value of the spectrum. Although, based on the literature this obligation 
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might have unsure influences due to its effects on the D-MNOs. Therefore the 

obligation to host MVNOs decreases the barriers to entry and increases infrastructure 

sharing and the costs to C-MNOs (Mastroeni et al., 2010; Dewenter et al., 2006; Cave, 

2006). This independent variable is not considered effectively in the previous auctions, 

while its influence should be considered in the engineering value of the ASA spectrum. 

 

 
Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 
.091a .008 -. 

11 
21847126.5310847 

 
a. Predictors: (Constant), OHM 

ANOVAa 

Model Sum of Squares Df Mean Square F Sig. 

1 

Regression 208067225942999.900 1 208067225942999.900 .436 .512b 

Residual 24819440758591700.000 52 477296937665225.000   

Total 25027507984534700.000 53    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), OHM 

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 8829380.394 3331655.562  2.650 .011 

OHM 4873804.987 7381772.110 .091 .660 .512 

 
a. Dependent Variable: Price/MHz 

 

Table 23 : Regression output  01  

5. Multiple linear regression 

Dependent variable: Price/MHz 

Independent variable: Spectrum bandwidth 

Population Density. 

Amount of the allocated spectrum. 

The following table shows the results of multiple linear regression to analyze the 

influence of the above independent variables on the engineering value of the spectrum. 

The ANOVA table shows that the model is strongly significant in p< .001 and has a 

good prediction capability. 
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The coefficient table shows that the following regression line can be derived from the 

data. 

Y = -5311179.454 F + 49066.633    + -1271411.234 O + 23233697.679 

Subject to: 

F: Spectrum bandwidth 

  : Population density 

O: Obligation to host MVNOs 

Which means, every other variable given, higher frequency bands decrease the value of 

the spectrum 5311179.454 Euros, if the frequency and the obligation to host the 

MVNOs are fixed, 1 level increase in the Population Density, increases the price 

49066.633 Euros and for constant Frequency and Population Density, the added amount 

of the obligation to host MVNOs decreases its price 1271411.234 Euros.  

The regression model is showed by the standardized coefficients as follows: 

 r  =    (F) +         ) +    (O) 

 r = -.611 F + .190    - .014 O 

Subject to: 

 r : Price associated with the engineering value 

F: Spectrum bandwidth  : Population Density  

O: Obligation to host MVNOs 

  : Attribute 

The model summary shows that this model explains 47.7% of the changes in the price 

of the spectrum for this data. In addition, it explains 43.9% of the changes in the 

generalized model. 

Based on the regression analysis, the model is significant. But the population density 

and the obligation to host MVNOs do not influence the engineering value significantly. 

While in the ASA regulatory framework it is expected that these independent variables 

influence it significantly. The population density influences the cost of infrastructure 

and also the obligation to host MVNOs promotes spectrum sharing, increases the cost of 

infrastructure, decreases the barriers to entry and promotes innovation. These are the 

results of entrance of C-MNOs to the spectrum market (RSPG, 2010; Stirling et al., 

2011; Alden, 2012; Bazelon, 2011; FM(12)084 , 2012; Alden, 2012; Wallsten et al., 

2013). 
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Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .690a .477 .439 13538399.431578 

 
a. Predictors: (Constant), PopulationDensity, OHM, 

Spectrum bandwidth 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 7011917549592833.000 3 2337305849864277.000 12.752 .000b 

Residual 7698106885096461.000 42 183288259168963.340   

Total 14710024434689290.000 45    

 
a. Dependent Variable: PriceMHz 

b. Predictors: (Constant), PopulationDensity, OHM, Spectrum bandwidth 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 23233697,679 7894681.329  2.943 .005 

OHM -1271411.234 10439738.715 -.014 -.122 .904 

Spectrum 
bandwidth 

-5311179.454 1054307.362 -.611 -5.038 .000 

PopulationDensity 49066.633 30880.304 .190 1.589 .120 

 
a. Dependent Variable: PriceMHz 

 

Table 24 : Regression output   00 

6. Multiple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Spectrum bandwidth 

Area Km². 

Amount of the allocated spectrum. 

The table shows the multiple regression model for the engineering value of the 

spectrum. The ANOVA analysis shows that the analysis is significant in p< .001, which 

means the model is significant to predict the value of the spectrum. 

The coefficients table shows the regression modal as follows: 

 

Y= -6105804.648 F + 58.149 A + 2164889.871 O + 19033713.215 

Subject to: 

F: Spectrum bandwidth 

A: Area Km² 

O: Obligation to host MVNOs 
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Model Summary 

Model R R 
Square 

Adjusted 
R Square 

Std. Error of the 
Estimate 

1 ,748a ,560 ,528 12416773,101958 

 
a. Predictors: (Constant), Area Km-2, OHM, Spectrum 

bandwidth 
 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 8234621755538441,000 3 2744873918512813,000 17,803 ,000b 

Residual 6475402679150854,000 42 154176254265496,530   

Total 14710024434689290,000 45    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Area Km-2, OHM, Spectrum bandwidth 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 19033713,215 6069391,706  3,136 ,003 

OHM 2164889,871 9424658,863 ,025 ,230 ,819 

Spectrum 
bandwidth 

-6105804,648 940165,745 -,703 -6,494 ,000 

AreaKm2 58,149 17,587 ,341 3,306 ,002 

 
a. Dependent Variable: Price/MHz 

 

Table 25 : Regression output   00 

The model explains that for given amount of the obligation to host MVNOs and the area 

Km², increasing the frequency of the spectrum, decreases its value 6105804.648 for 

fixed frequency and obligation to host MVNOs, per level increase in the Area increases 

the price 58.149 Euros and for the given Frequency and Area, increase in the amount of 

obligation to host MVNOs increases its price 2164889.871. 

In addition the standardized coefficients column shows the following regression model: 

 r  =    (F) +    (A) +    (O) 

 r = -.703 F + .341 A + .025 O 

Subject to: 

 r : Engineering value. 

F: Spectrum bandwidth 

A: Area Km² 

O: Obligation to host MVNOs. 

  : Attribute 

 

The summary table shows that this model explains 56% of the changes in the price for 

these data and 52.8% of the changes for the generalized model. The multiple regression 
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model shows that, the model is significant. As it is expected, the lower frequencies have 

more engineering value. Increase in the obligation to host MVNOs, increases the price 

and the engineering value of the spectrum. The reason could be in a given area for the 

given frequencies, the obligation to host MVNOs increases the possibility of 

infrastructure sharing and increase the engineering value of the spectrum. Bigger areas 

has more engineering value, while it is expected that increase in the area increase the 

cost of infrastructure and decrease the engineering value. In the next model the factor of 

population is added as a controlling variable to evaluate the results. If the obligation to 

host MVNOs and infrastructure sharing is considered in the ASA framework. It is 

expected that they have a significant influence on the price and the engineering value of 

the spectrum. 

7. Multiple linear regression 

Dependent variable: Price/MHz. 

Independent variable: Spectrum bandwidth. 

Area Km². 

Amount of the allocated spectrum. 

Population of the area. 

The following table shows the results of multiple regression analysis for the above 

variables to control the population in the model. The ANOVA table indicates that the 

model is significant in p<.001. The following regression line is calculated: 

 

Y = -6256548.520F + 67.811 A + 2483705.385 O - .040 P + 19050048.667 

Subject to: 

F: Spectrum bandwidthA: Area Km² 

O: Obligation to host MVNOs 

P: Population of the area 

The regression line shows that per level change in the frequency, by increasing it, 

decreases the price of the spectrum 6256548.520 Euros, every other variables given. 

Furthermore, all variables fixed, increase in the area of the location, increases the price 

of the spectrum 67.811 Euros, by taking all independent variables constant, added 

amount of obligation to host MVNOs, increases the price 2483705.385 Euros and for 

given independent variables in the model, increase in the population, decreases its price 

.040 Euros. The following regression model was derived from the standardized 

coefficient column: 
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 r = -.720 F + .398 A + .028 O - .070 P 

Subject to: 

 r : Engineering value 

F: Spectrum bandwidth 

A: Area Km² 

O: Obligation to host MVNOs 

P: Population of the area 

  : Attribute 

 

Model Summary 

Model R R Square Adjusted R 
Square 

Std. Error of the 
Estimate 

1 .749a .561 .519 12543489.500759 

 
a. Predictors: (Constant), Population, OHM, Spectrum 

bandwidth, AreaKm2 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 8259120151607575.000 4 2064780037901893.000 13.123 .000b 

Residual 6450904283081719.000 41 157339128855651.600   

Total 14710024434689290.000 45    

 
a. Dependent Variable: Price/MHz 

b. Predictors: (Constant), Population, OHM, Spectrum bandwidth, AreaKm2 

Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 19050048.667 6131471.183  3.107 .003 

Spectrum 
bandwidth 

-6256548.520 1023711.949 -.720 -6.112 .000 

AreaKm2 67.811 30.253 .398 2.241 .030 

OHM 2483705.385 9555060.976 .028 .260 .796 

Poplatuion -.040 .102 -.070 -.395 .695 

 
a. Dependent Variable: Price/MHz 

 

Table 26 : Regression output   01 

The table summary shows that this model explains 56.1% of the changes of the price for 

these data and 51.9% of the changes in the generalized model. 

This scenario was made to control the population in the previous model. As it is written 

in the model, also by controling the population, increase in the area, increases the 

engineering value of the spectrum. But in the ASA framework the expectation is that all 
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other variables, hold, increase in the area, boost the cost of infrastructrue and refuce the 

engineering value of the spectrum (RSPG, 2010; Stirling et al., 2011; Alden, 2012; 

Bazelon, 2011; FM(12)084 , 2012; Alden, 2012; Wallsten et al., 2013).  
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5.2 Discussion of the results 

The result of the regression analysis to answer the main research question led to 

introducing eight following scenarios. These scenarios are summarized in the following 

table. 

Category Scenarios; Dependent variable: Price/MHz 
 

Regulatory value Independednt varaiables: Market share, Competition, 
Obligation to host MVNOs, the amount of the license. 

 r = .631 S +.134 C - .011 O - .037 N 
Business value Indeoendent variables: Active population, Duration of the 

license, Allowed new entrant, Obligation to hosr MVNOs 
 r  = .511   - .031 T - .119 C + .093 O 

Indeoendent variables: Population, Duration of the license, 
Allowed new entrant, Obligation to hosr MVNOs 

 r = .489 P - .057 T - .120 C + .087 O 
Indeoendent variables: Demand, Duration of the license, 

Allowed new entrant, Obligation to hosr MVNOs 
 r = .489 D - .066 T - .124 C + .122 O 

Indeoendent variables: Number of active businesses, 
Duration of the license, Allowed new entrant, Obligation to 

hosr MVNOs 
 r = .278    - .066 T - .345 C + .033 O 

Engineering value Independent variables: Spectrum bandwidth, Population 
Density, Obligation to host MVNOs. 

 r = -.611 F + .190    - .014 O 
Independent variables: Spectrum bandwidth, Area Km², 

Obligation to host MVNOs 
 r = -.703 F + .341 A + .025 O 

Independent variables: Spectrum bandwidth, Area Km², 
Obligation to host MVNOs, Population 
 r = -.720 F + .398 A + .028 O - .070 P 

Table 27: Summary of the regulatory. business and engineering scenarios. 

Scenario1    The first scenario is regarding the regulatory value of the spectrum. As it 

had been discussed in the results, the following regression model had been derived for 

of this the first scenario. 

 r = .631 S +.134 C - .011 O - .037 N 

Thefollowingdiagramshowstheaccuracyofthemodelforpredictionofthepriceof

thespectrum: 
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Diagram 1: Accuracy of the regression output 5 

The regression model shows that increase in the market share of the MNOS, influences 

the price paid for the spectrum. The purpose of studying the influence of the market 

share on the price is to realize if the MNOs with higher market share take advantage of 

lower costs compared to the MNOs with lower share. It could be a source of market 

power for the MNOs with higher shares (Kumar David at al. 2001). In this model by 

increase in the market share the price paid for the spectrum did not decrease, therefore it 

can be concluded that MNOs with bigger market share do not take advantage of it as 

market power, which shows increased regulatory value. 

One of the sources of the regulatory value of the spectrum sharing is the enhanced 

competition, but in this model, increase in the competition, increases the price of the 

spectrum. It would increase the cost of the spectrum for the end users and decrease the 

social cost of the spectrum, while one of the aspects of the regulatory value is fulfilling 

the concerns of the society. So, the model shows that in this scenario. Competition 

decreases the regulatory value of the spectrum. 

From the regulatory perspective, additional amount of obligation to host MVNOs 

compared to the lack of the obligation increases the regulatory value. It is considered in 

the concerns of the MNOs and the society. It increases the competition and reduces the 

excessive cost of additional infrastructure to the society. In the model the obligation to 

host MVNOs decreased the price of the spectrum and increased the regulatory value of 

the spectrum. 
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The duration of the allocated licenses should belong enough to make investment 

decisions feasible. Therefore, increase in the duration of the license is expected to 

increase the price and the regulatory value of the spectrum as a concern for the MNOs. 

But in the model increase in the duration of the license, decreases the price of the 

spectrum. 

The purpose of the ASA regulatory framework is to improve the efficiency of the 

spectrum resources through spectrum sharing. The expectation for the regulatory value 

of the spectrum, with the properties of guaranteed QoS and avoiding harmful 

interference by using CRS technologies, is to promote competition, avoid market power 

and monopoly pricing and fulfill the concerns of the society, MNOs and the incumbent 

(FM(11)116, 2011; FM(12)084, ECC, 2013). Therefore, the expected model for the 

ASA spectrum is the significant influence of the variables in scenario1, on the 

regulatory value of the spectrum. Furthermore, if increase in the competition increases 

the price, existence of the spectrum caps is a necessity to avoid the market power 

(Moore, 2010; Liopiros, 2013; GSMA, 2011; ComReg, 2012; Cave, 2010; Alden, 2012; 

Plum, 2011; Forge et al., 2012; Xavier et al., 2006). Then, the D-MNOs would not be 

able to buy all the valuable bands.  

Four different scenarios for the business value of the spectrum had been proposed.  In 

all these scenarios, the duration of the license, the allowed new entrant and the 

obligation to host MVNOs are the common independent variables. But in each scenario, 

one independent variable related to the demand had been changed. Therefore, the 

demand related factor in each model is discussed and then the other independent 

variables are analyzed. 

Scenario     The second scenario is regarding the business value of the spectrum by 

considering the active population in the area of the allocated spectrum. 

 r  = .511   - .031 T - .119 C + .093 O 
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The model has 27.1% of accuracy for prediction as reported in the following diagram: 

Diagram 2: Accuracy of the 

regression output 13 

As it had been stated in the 

business value of the 

spectrum, increase in the 

population, increases the 

business value of the 

spectrum and makes the area 

more interesting for 

investment. Active population is considered as the population among 16-63, which are 

the target group with the highest probability of using the services of the MNOs. The 

results of the analysis show that increase in the active population influences the price of 

the spectrum. It means the MNOs are willing to pay more for the areas with bigger 

population and the business value of the spectrum is higher in these areas. It is 

consistent with the expectation for the ASA spectrum. 

Scenario     In the third scenario, the population of the area is studied as the 

independent variable to determinant of the demand. 

 r = .489 P - .057 T - .120 C + .087 O 

The following graph shows that the model has 28.8% accuracy to predict the price. 

Diagram 3: Accuracy of the 

regression output 14 

The author stated in the 

business value of the 

spectrum that the population 

of the area of the allocated 

spectrum influences its 

business value. Result of the 

multiple regression indicates 
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that increase in the population, increases the price and the business value of the 

spectrum. 

Scenario     In this scenario, the current demand of the MNOs is considered as the 

influential factor from the current demand point of view. The regression model from the 

result section is as follows: 

 r = .489 D - .066 T - .124 C + .122 O 

The following diagram shows that the prediction accuracy of the model is 27.2%. 

Diagram 4: Accuracy of the 

regression output 15 

In this scenario, the current 

customer network of the 

MNOs is considered as the 

demand. One of the main 

purposes of the MNOs is to 

satisfy the demand of their 

own customers. So, buying 

more spectrum in the areas that they built their customer network is crucial. As 

expected, the result of the multiple regression analysis indicates that in the areas with 

more customer networks, the business value of the spectrum is more. 

Scenario5    This scenario considers the number of active businesses in the area as the 

criteria for demand. The regression model shows the following formula: 

 r = .278    - .066 T - .345 C + .033 O 

The accuracy of the model for predicting the value of the spectrum is 1.7%. 

 

Diagram 5: Accuracy of the 

regression output 16 
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The business value of the spectrum increases in the areas which has more active 

businesses, because of the increase in the demand. As expected, the model shows that 

additional active businesses in the area, makes the business value of the spectrum more. 

In this part the other three variables of the duration of the license, the competition and 

the obligation to host MVNOs are discussed. Since in all these four models, these 

variables have the same sign, the problem of collinearity does not exist. 

The expectation for the duration of the license is that increase in the duration of the 

license increases its business value. The duration of the license should be long enough 

to make the investment feasible from business perspective. But all the models show the 

reverse relationship. The reason could be that the duration of the license for all data is 

very close. It might make it difficult to assess its influence. For the ASA regulatory 

value, the expectation is that the duration of the license increase the business value of 

the spectrum. 

The result of the analysis for the competition shows that increase in the competition 

decreases the price of the spectrum. Increased competition can be enhanced by 

involving the new entrants in the spectrum allocation. It can be done by reduced prices. 

Therefore, the results of the regression analysis shows that competition increases the 

business value in the scenario. For the ASA spectrum, it is expected that competition 

reduce the prices for the customers and encourage the C-MNOs to enter the market and 

promote innovation. 

The obligation to host MVNOs does not have a constant influence on the value of the 

spectrum. In this model, the prediction is that the obligation to host MVNOs increases 

the value of the spectrum due to the rent paid to the D-MNOs and the shared spectrum 

for the C-MNOs. The influence of the requirement of the obligation to host MVNOs in 

the ASA regulatory framework is to promote competition and to decrease the cost of 

infrastructure. The model is consistent with the expectations of ASA. 

Three scenarios are developed for the engineering value of the spectrum. The common 

independent variables in all of them are the obligation to host MVNOs and the 
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Spectrum bandwidth. These two independent variables are studied at the end. The other 

independent variables could not be used together due to the problem of collinearity.  

Scenario     To analyze the engineering value of the spectrum the following scenario 

had been introduced: 

 r = -.611 F + .190    - .014 O 

The accuracy of the prediction ability of this model is 55.7% as shown in the following 

diagram. 

 

Diagram 6 : Accuracy of the 

regression output 21   

One of the factors that 

increases the engineering 

value of the spectrum is the 

reduced cost of 

infrastructure. In the areas 

with bigger population 

density, the cost of infrastructure is lower than areas with more population density for 

fulfilling the same demand. The result of the multiple regression model, indicates that 

areas with more population are more valuable to the MNOs and their engineering value 

is more. 

This result is compatible with the literature. Since in the ASA regulatory framework 

using the shared infrastructure is possible. So, in the low population densities, ASA is 

feasible. 

Scenario     In this scenario, the area Km² had been changed compared to the previous 

scenario. The regression model is as follows: 

 r = -.703 F + .341 A + .025 O 
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The accuracy of the model to predict the value of the spectrum is 53.4%. 

Diagram 7 : Accuracy of the 

regression output 22   

Based on the studies in 

Chapter 3, the bigger areas 

need more infrastructures to 

be covered. Therefore, the 

cost of infrastructure 

increases and the engineering 

value decreases. But in the regression model, for given amount of obligation to host 

MVNOs  and spectrum bandwidth, increase in the area of the location of the allocated 

band increased the engineering value of the spectrum. The reason might be that, in this 

model the population is not considered as one of the controlling variables. In the next 

model the population is also added to the model to determine the influence of the area 

on the engineering value of the spectrum for given population, obligation to host 

MVNOs and in given frequency. 

ASA is shared spectrum. By the possibility of using the shared infrastructure in these 

locations, investment on the ASA spectrum would be more feasible, due to the lower 

costs of the ASA.  

Scenario8    To control the population of the area, the following scenario was created: 

   = -.720 F + .398 A + .028 O - .070 P 

The accuracy of prediction ability of the model is 53.9% as shown in the following 

diagram: 

 

Diagram 8 : Accuracy of the 

regression output 01 
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This scenario was introduced to control the population, but the result of the regression 

model shows that for given population with given obligation to host MVNOs and 

spectrum bandwidth, increase in the area, increases the engineering value of the 

spectrum. The result is not compatible with the expectation in the literature.  

The remaining two variables for the scenarios of engineering value are the obligation to 

host MVNOs and the spectrum bandwidth. Since the sign of these variables did not 

change in the models, they can be analyzed at the same time. 

The obligation to host MVNOs influences the engineering value of the spectrum 

through the infrastructure sharing. It would increase the C-MNOs to enter the market. In 

addition, this opportunity for the C-MNOs might lead to enhanced innovation. The 

result of the regression model indicates that as expected, more obligation to host 

MVNOs, increase the engineering value of the spectrum. 

In the mobile communications, lower frequencies are more valuable, because these 

frequencies penetrate deeper to the physical barriers and the applications of these bands 

are more. The multiple regression models fulfills the expectation and shows that lower 

frequencies have higher engineering value. 

In addition to the interpretation of the regression models, by studying the results, the 

scenarios can be classified based on their ability to predict the results. Based on the 

prediction ability, the scenario for the regulatory value can predict 32.2% of the changes 

in the generalized model with accuracy of 33.2%. 

For the scenarios of the business value, the best scenario is considering the active 

population as the demand. The prediction ability of this scenario is 26.2% with accuracy 

of 27.1%. The second best scenario for the business value is considering the current 

demand of the MNOs. The prediction ability of it can predict 25% of the changes with 

27.2% accuracy. The third best is considering the population as the demand. Its 

prediction ability would be 24.5% with accuracy of 25%. And the fourth model of the 

business value is taking in to account the number of active businesses as the demand. 

The results of the regression analysis show 7.7% of prediction ability and 1.7% of 

accuracy.  
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For the engineering value, among the three scenarios the most prediction ability goes 

with considering the area km² for the cost of infrastructure with 52.8% prediction ability 

and 53.4% accuracy. The second best scenario is considering the area km² with 

population as the controlling variable with 51.9% prediction ability and 53.9% 

accuracy. But the models are not compatible with ASA expectation and the third 

scenario is the one that considered the population density as the influential variable on 

the cost of infrastructure which has 43.9% prediction ability and 55.7% accuracy. 
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Figure 11: The regulatory, business and engineering value at a glance. 

Regulatory 
value 

Regulatory 
value 

   = .631 S +.134 C - .011 O 
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Prediction ability: 32.2% 
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value 

Business 
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 r  = .511   - .031 T - .119 C 
+ .093 O 

Prediction ability: 26.2% 

Accuracy: 27.1% 

   =   .489 D - .066 T - .124 C 
+ .122 O 

Prediction ability: 25% 

Accuracy: 27.2% 
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Accuracy: 25% 
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Engineering 
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Prediction ability: 52.8% 

Accuracy: 53.4% 
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Prediction ability: 51.9% 

Accuracy: 53.9% 
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Prediction ability: 43.9% 

Accuracy: 55.7% 
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6. CONCLUSION 

6.1 Summary of the research 

The purpose of the thesis is to answer the following question:  

“How the value of the spectrum could form within the ASA regulatory framework?” 

To do so, two sub research questions had been introduced:  

“Who are the key stakeholders in the valuation of the spectrum in the mobile 

communications? 

“How the value of the licensed spectrum had been analyzed in the prior research?” 

The first sub-question had been answered as follows: 

Spectrum is a common resource and it has many stakeholders (FM(11)116, 2011; 

FM(12)084, 2012; GSMA, 2013; Alden, 2012; Matinmikko et al., 2013). The 

government is the owner of the spectrum and the regulatory bodies are the responsible 

organization for the spectrum allocation. It is used in the national defense, 

communications, TV, etc. and the society benefit from it. In addition, MNOs make 

business out of the spectrum resources and facilitate communications, using 

applications and so on. Therefore, the stakeholders of the spectrum are the regulatory 

bodies, the incumbent, MNOs and the society. 

The second sub-question had been analyzed as follows: Three different perspectives on 

the valuation of the spectrum has been proposed; the regulatory value, the business 

value and the engineering value. Different approaches towards defining the criteria for 

these perspectives had been proposed. 

The regulatory value can be analyzed by considering the economic welfare of the 

additional spectrum to the society, calculating the percentage of GDP spent on radio 

communication and its impact on the economy and estimating the consumer surplus. 
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The business value is studied from the perspective of MNOs. The business value of the 

spectrum is considered regarding the monetary benefit from the spectrum business. 

Therefore, flexibility and technology neutrality are considered as the business value. In 

addition, MNOs are profit maximizer.  So for the D-MNOs, monopoly pricing, market 

power and limited competition is considered as the business value. For the C-MNOs, 

The enhanced competition, spectrum and infrastructure sharing, innovation and market 

pricing are considered as the business value. The business value of the spectrum can be 

analyzed by considering the opportunity cost of acquiring spectrum, the reduced cost of 

business compared to the alternative ways or additional expected profit by acquiring the 

spectrum. 

The engineering value also can be considered from different perspectives. Innovation, 

technology neutrality and infrastructure sharing are considered as sources of the 

engineering value. There are different approaches towards analyzing the engineering 

value of the spectrum. These approaches can be analyzed by the previous auctions and 

calculating the expected value of the spectrum, calculating the marginal value of the 

spectrum and considering the additional profits gained by utilizing additional spectrum 

compared to alternative ways of providing the same services. Different models exist for 

the spectrum pricing. Some of the models are auctions, market mechanism and 

administrative pricing. The regulators impose different requirements on the spectrum 

auctions to avoid spectrum hoarding and market power. Some of these methods are 

putting spectrum caps on the auctioned spectrum or assigning the obligation to host 

MVNOs to the D-MNOs. 

Furthermore, pricing of the spectrum, had been done in different ways. The most 

frequently used method of spectrum pricing is auctions. Auctions are divided to the first 

price and second price auctions. Since, in the auctions, the number of the bidders and 

licenses are limited, it may lead to inefficiency. Therefore, the regulatory put spectrum 

caps and obligation to host MVNOs to avoid these problems. The second method of 

spectrum pricing is the market mechanism. In this method the market determines the 

resource allocation and pricing. Spectrum pricing in this method is based on the 

marginal value of the spectrum. Market pricing is divided to two categories; simple cost 

model and LRIC. The third model spectrum pricing is the administrative pricing. It is a 

behavioral model of spectrum pricing, based on the social value of the spectrum for 
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different stakeholders. It is categorized to two different types; AIP and regulatory 

pricing. 

To answer the main question of the research, the regulatory, business and engineering 

value of the spectrum had been studied. To analyze the findings of the study and the 

influences of the independent variables, gathered from the literature; allowed new 

entrant, market share, obligation to host MVNOs, amount of the allocated spectrum, 

current demand, population, active population, number of active business in the area of 

the allocated spectrum, population density, area Km² and the spectrum bandwidth, the 

data from the previous auctions of 12 EU countries had been gathered. The influence of 

the independent variables on the regulatory, business and engineering value of the 

spectrum had been analyzed by simple regression modeling. Then, as shown in 

Figure11, eight scenarios for analyzing these values had been built and studied by 

multiple regression analysis. 

Scenario1, is related to the regulatory value of the spectrum. In this scenario, the market 

share, allowing new entrant, obligation to host MVNOs and the number of the licenses 

had been considered. The influence of the market share on the price, shows that whether 

the MNOs take advantage of higher market share to influence the prices. This variable 

shows the existence and influence of market power. Allowing the new entrant is a 

dummy variable. The purpose of analyzing it is to analyze the influence of enhanced 

competition on the value of the spectrum. Obligation to host MVNOs is also a dummy 

variable. In the regulatory value, it is used to analyze the influence of enhanced 

competition on the value of the spectrum. The influence of the amount of purchased 

licenses, shows whether the MNOs take advantage of reducing the prices by buying 

more spectrum. The result of the regression analysis shows that the MNOs do not take 

advantage of higher market share to reduce the prices, increased competition and 

obligation to host MVNOs decrease the price of the spectrum and increase in the 

number of the licenses does not decrease the price of the spectrum. In overall, the 

results shows that the actions of the regulatory bodies in the spectrum auctions such as 

putting spectrum caps and reserved prices, increased the regulatory value of the 

spectrum and fulfilled their concerns regarding market efficiency, spectrum hoarding 

and enhanced competition. It had been concluded, in the case of ASA spectrum, the 

result would be the same, even though, it is expected that allowing new entrants, 
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obligation to host MVNOs (if applicable based on the national rules) and the number of 

the licenses have more significant influence on the regulatory value of the spectrum. 

For the business value of the spectrum, because of the problem of collinearity, four 

scenarios had been considered. In each of these scenarios, the influence of the demand 

on the business value of the spectrum had been considered differently. In Scenario2, the 

active population, in Scenario3, the population, in Scenario4, the current demand and in 

Scenario5, the number of active businesses had been considered. The other variables in 

the multiple regression analysis are the duration of the license, allowing the new 

entrants and the obligation to host MVNOs. The results of all these scenarios regarding 

the demand is in line with the theoretical findings of the study, increased demand, 

increases the business value of the spectrum. Just in Scenario5, it is expected that the 

number of active businesses has a significant influence on the value of the spectrum. 

Furthermore, the results of the regression analysis shows that, allowing the new entrants 

as a measure of enhanced competition, increases the business value of the spectrum. 

Furthermore, the obligation to host MVNOs, as a measure for allowed infrastructure 

sharing, also increases the business value of the spectrum. But the duration of the 

license, as a measure of feasibility of investment decreases the business value of the 

spectrum. This result is not compatible with the studied theories. The reason could be 

that the duration of the license for all the studied auctions was 15-20 years, which is 

long enough to be feasible for the investment. For the case of ASA spectrum, based on 

the literature it is expected that increased demand increase the value of the ASA 

spectrum. In addition, infrastructure sharing and enhanced competition increase the 

business value of the ASA spectrum. 

For the engineering value, 2 main scenarios and one controlling scenario had been 

conducted. The measured variables in the main scenarios are spectrum frequency, area 

Km², population density and obligation to host MVNOs. In scenario6, the population 

density had been considered as a measure of the influence of the excessive 

infrastructure costs on the engineering value of the spectrum, the obligation to host 

MVNOs for measuring the influence of spectrum sharing on the engineering value. 

Furthermore, the spectrum frequency has been measured to show the influence of the 

propagation characteristics on the value of the spectrum. The results of the multiple 

regression analysis is compatible with the literature. The analysis shows that higher 

population density, lower frequency and allowed infrastructure sharing increases the 
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engineering value of the spectrum. Based on the literature, it is expected that the same 

situation happen in the case of ASA spectrum sharing. In Scenario7, the area Km² had 

been considered to analyze the influence of additional base stations on the value of the 

spectrum. Despite of the findings in the literature, increase in the area increases the 

engineering value of the spectrum. This result is not compatible with the theoretical 

findings. In addition it is not in line with the expected result for the case of ASA. To 

ensure the accuracy of the analysis of Scenario7, a controlling scenario has been built. 

In this scenario, the population has been considered as the controlling variable for the 

area. The result of analysis shows the same influence as Scenario7 on the engineering 

value of the spectrum.  

The scenarios for the multiple regression analysis indicated the most influential factors 

on the regulatory, business and engineering value. In addition, the degree of 

significance, accuracy and the prediction ability of each scenario had been indicated. By 

considering the studied scenarios and the regression models, the main research question 

had been answered. Figure11 shows the results of the analysis and the order of the best 

methods for valuation of the spectrum, in the analysis, the similarities and discrepancy 

of the regression results and the expected result for the ASA framework had been 

analyzed. By using the results of the regression analysis, the value and the price of the 

spectrum can be calculated based on either of the methods discussed in Chapter2 for the 

valuation and pricing of the spectrum. 

6.2 Theoretical implications 

 In this thesis the value of the ASA spectrum had been analyzed and divided to three 

categories; i.e. the regulatory value, the business value and the engineering value. Based 

on the theoretical studies of these three categories; summarized in Figure8, Figure9 and 

Figure10, the variables associated with valuation of the ASA spectrum had been 

derived. As summarized in Table2, the measurable variables which are measurable for 

the regression analysis had been derived. Based on these variables, eight scenarios had 

been proposed. The results of the analysis of these scenarios had been presented in 

detail in the previous chapter. 
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The first scenario had been defined for the regulatory value of the spectrum. As 

described in the regulatory value of the spectrum, the regulatory bodies should consider 

the concerns of the incumbent, the concerns on the MNOs and the concerns of the 

society, to assign value to the spectrum (FM(11)116, 2011; FM(12)084, 2012; ECC 

Report, 2013). Some of these factors are getting control over the spectrum market, 

avoiding monopoly pricing and market power Buchanan et al., 2000; Parisi, et al., 2000; 

Depoorter et al, 2001; Sim et al, 2002; Vanneste et al., 2006; Schulz et al., 2005) , 

infrastructure sharing, increased competition and supporting the new entrants and 

innovation (Mastroeni et al., 2010; Dewenter et al., 2006; Cave, 2006). These factors 

increases the regulatory value of the ASA spectrum. (FM(11)116, 2011; FM(12)084, 

2012; ECC Report, 2013). In the empirical analysis the influence of the market share, 

the number of purchased spectrum, allowing new entrant and the obligation to host 

MVNOs had been analyzed. The influence of these factors on the price of the spectrum 

reflects their influence on the regulatory value of it. The results shows that increased 

market share and number of purchased spectrum does not decrease the price of the 

spectrum. Based on the proposed theories, it means that the actions regarding 

controlling the spectrum market, avoiding market power and monopoly pricing are 

influential. (Kumar David et al., 2001). These actions increase the regulatory value of 

the spectrum regarding market efficiency. In addition, the results of the analysis show 

that the obligation to host MVNOs and increasing competition by allowing new entrants 

increases the regulatory value of the spectrum. So, enhanced competition increases the 

regulatory value of the spectrum. These results show that the empirical studies and the 

theoretical studies support each other. 

The business value of the spectrum, had been divided to two parts; the business value 

for the D-MNOs and the business value for the C-MNOs (Ahokangas et al., 2013). 

Many different elements had been derived from the literature, which influence the 

business value of the ASA spectrum. These elements can be studied in Figure9. The 

measurable elements for the multiple regression analysis were population, number of 

businesses, enhanced competition and coverage area (Alden, 2012, FM(11)116, 2011; 

FM(12)084, 2012). Increase in these factors increases the business value of the 

spectrum. Based on these elements, four scenarios had been developed.  The population 

had been studied based on the active population, overall population and active demand. 

The number of active businesses had been also studied. In addition, the duration of the 
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license, enhanced competition and obligation to host MVNOs had been analyzed in 

each scenario (Mastroeni et al., 2010; Dewenter et al., 2006; Cave, 2006). The empirical 

results shows that increase in the overall population, active population, the demand and 

the number of active businesses increases the business value of the spectrum. This point 

is also asserted by the theory. Furthermore, the results shows that allowed infrastructure 

sharing, increases the business value of the spectrum (Alden, 2012, FM(11)116, 2011; 

FM(12)084, 2012, ECC, 2013), which is in line with the literature. The empirical results 

show that enhanced competition decreases the price of the spectrum and increases its 

business value. But the empirical results show that increase in the duration of the license 

decreases its business value, which is not compatible with the theory. There are 

different interpretations. One reason could be lack of sufficient data. The other reason 

could be related to the duration of the licenses. The duration of the studied licenses are 

from 15 to 20 years. 15 years is considered as an appropriate duration for feasibility of 

investment (FM(11)116, 2011; FM(12)084, 2012; ECC Report, 2013; Wallsten, 2013; 

Mangold, et al., 2006; RSPG, 2010; Stirling et al., 2011). Therefore, the other 

interpretation might be that the duration of the license should not also exceed a limit. 

So, the investment would be feasible. In overall, the empirical results of these scenarios 

and the theoretical studies support each other. 

In Section 3.4 the engineering value of the ASA spectrum had been analyzed. Different 

factors which influence it had been derived. For the regression analysis, the measurable 

variables had been listed in Table2. Based on the theories regarding the engineering 

value of the spectrum, it had been concluded that the lower frequencies have more 

engineering value (Stirling et al., 2011; Wallsten et al., 2013; Bazelon et al., 2011)., 

infrastructure sharing increases the engineering value (Alden, 2012; FM(12)084, 2012; 

Webb et al., 1996), areas with higher population density, need reduced infrastructure 

investment so the engineering value of these areas is more. The bigger areas need more 

infrastructure investment (Alden, 2012). This requirement decrease the engineering 

value. These factors had been analyzed in the empirical analysis. Three different 

scenarios had been proposed. Based on the empirical analysis, lower frequencies have 

more engineering value to the higher frequencies. In addition, the obligation to host 

MVNOs had been considered to test the influence of infrastructure sharing. The 

empirical results show that obligation to host MVNOs increases the engineering value 

of the spectrum. Furthermore, higher population densities have more engineering value. 
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For all these cases, the results of the empirical and the theoretical study support each 

other. But the empirical data shows that bigger areas have more engineering value 

compared to smaller areas. To test the significance of the analysis, the third scenario had 

been presented to control the variable of the population. The results still shows the same 

issue. So, the result of the empirical study for the area is not supported by the literature. 

The reason is not clear. There might be some other factors, which had not been 

considered in the analysis. In overall, except one case, the empirical results and the 

theoretical finding support each other.  

6.3 Managerial implications 

Different stakeholders of the spectrum can use the findings of this study in various 

ways. In this part, the purpose is to investigate the managerial implications of the study 

for the regulators and the MNOs. 

The regulatory bodies can use the results of this research to investigate the influence of 

their actions regarding avoiding spectrum hoarding, monopoly pricing and market 

inefficiency. They can use the analysis of the viability of the spectrum sharing for 

enacting more suitable rules for efficient spectrum sharing. So, they can make it 

marketable and motivate the MNOs to buy it. In addition, the regulatory bodies, can use 

the results for more market oriented pricing rather than auctioning. It means by using 

the analysis of the study, they can consider the concerns of the C-MNOs, D-MNOs and 

the society more realistically. Every decisions regarding the changes in the rules and 

enacting new rules about the spectrum influences the business of the MNOs, the prices 

they charge and the welfare of the society. So, they can use the results to study the 

significance of their acts to achieve spectrum efficiency. 

The MNOs are influenced by the rules enacted by the regulators. The findings of the 

study can help them to analyze how changes in the rules influences their business, their 

services and prices. The findings of the study can help the MNOs to analyze the value 

of the ASA spectrum and decision making regarding buying the shared spectrum. 

It reflects the importance of different factors on the value of the spectrum and how they 

might influence its price. The MNOs can use these results for deciding whether to buy 
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the shared spectrum or not. In addition, they can choose on which bands and for which 

services the shared spectrum is more useful. Additionally, based on the analysis of the 

engineering value of the spectrum, the MNOs can investigate the influence of the 

infrastructure sharing on their businesses. Furthermore, the engineering value of the 

spectrum shows that some bands are more valuable than other bands. The MNOs can 

decide to invest on the ASA spectrum on some specific bands to expand their services 

with less investment. Then, they can invest more on the R&D. 

6.4  Limitations and further studies 

The following research contains an overall overview of spectrum sharing by using the 

CRS technologies. ASA regulatory framework had been introduced. The uniqueness of 

the study is regarding dividing the value of the spectrum to three categories of 

regulatory, business and engineering value and analyzing them in one framework. 

Furthermore, the viability of licensed sharing had been studied by considering the 

problem of underutilization and overutilization and using the theories the tragedy of 

anticommons and the tragedy of commons. 

To the best of my knowledge, no studies have analyzed the value of the spectrum from 

the three perspectives (i.e., regulatory, business and engineering) that are taken into 

account in one paper. Additionally, the combination of the scenarios and the results of 

the regression analysis for the EU countries had not been done previously. Also, the 

comparison between the results of the introduced scenarios and the expected results for 

the case of ASA regulatory framework has not been explored. Since the ASA regulatory 

framework is still under investigation, there is no data available to directly analyze the 

influence of the variables that is studied on the ASA spectrum. Therefore, the data has 

been gathered from the previous LTE and LTE-A auctions in 12 EU countries. These 

auctions has the most possible comparability with ASA spectrum sharing. So, it is 

suitable to compare the results of the regression analysis to predict the influence of the 

independent variables on the ASA spectrum. 

Every research has some limitations, and this research is not an exception. The 

influence of the flexibility, technology neutrality and infrastructure sharing could not be 

analyzed, because almost all the studied auctions were flexible and technology neutral. 

Furthermore, analyzing the data for infrastructure sharing was very complicated. The 
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influence of flexibility and technology neutrality can be investigated in other research 

through qualitative analysis such as interviews with the MNOs. The research can 

continue to find more criteria for assigning value to the ASA spectrum. In addition, the 

analysis can be done by using the data from more auctions and taking advantage of 

combination of quantitative and qualitative methods of data analysis for more accurate 

results. As it had been mentioned in the study the ASA regulatory framework should 

give incentives to the incumbent and the MNOs to share spectrum. More investigation 

can be done for this purpose.  

In this thesis, the variables influencing the regulatory, business and engineering value of 

the ASA spectrum had been analyzed. The data had been gathered from 4G auctions in 

12 EU countries from year 2009-2013. Based on the literature and the empirical studies, 

8 different scenarios had been considered. The influential variables on the regulatory, 

business and engineering value of the spectrum had been analyzed by multiple 

regression analysis. By considering the significance of the data, the method of analysis, 

the empirical results and their validity based on the theoretical analysis, the findings of 

this research is reliable, valid and attributable. 
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