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Abstract 

Efficient spectrum management policy 

of Bangladesh: Towards a new spectrum 

pricing framework 

Md Sohel Rana 

Technology Management, Economics and Policy Program 

College of Engineering 

Seoul National University 
 

In recent years, the mobile communications market of Bangladesh 

has observed booming growth. The mobile subscriptions base has 

become the fifth largest in Asia and has been ranked ninth in the world. 

This development points out the promising growth of the usage of mobile 

devices to access the internet. The potential escalation in demand for 

voice and mobile broadband data services is expected to set strain on the 

mobile communication networks and spectrum which is a valuable and 

scarce resource. Thus, examining its economic value is essential to 

manage it efficiently. The mobile telephony operators of Bangladesh are 

providing voice and mobile broadband data services through their 

cellular networks that are operated by insufficient spectrum resources. 

Currently, five cellular mobile operators are using 78.60 MHz of 

spectrum from typically the 900 MHz (880-915/925-960) and 1800 MHz 

(1710-1785/1805-1880) bands for Global System for Mobile 
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Communication (GSM) technology-based second generation (2G) 

services, while only 35 MHz of the spectrum from the 2100 MHz band 

(1920-1980/2110-2170) is assigned for third-generation (3G) services. 

However, in the presence of a huge amount of unused spectrum in the 

700 MHz, 800 MHz, 1800 MHz, 2100 MHz and 2.6 GHz bands, the 

capacity of the mobile network is still improving via the additional base 

station sites instead of using the unoccupied spectrum. As a result, the 

government is losing a large amount of possible revenue and national 

currency is draining out of the country to pay for the importation of base 

station equipment.  

The unused spectrum has not been assigned due to the difference 

between the base price set by the regulator and the bidders’ willingness 

to pay. In order to understand this pricing gap and make policy 

recommendations for framing an efficient spectrum management policy, 

the opportunity cost of spectrum is estimated from the cost savings 

achieved by assigning suitable amount of spectrum rather than installing 

additional base station sites. This dissertation analyzes the opportunity 

cost of spectrum by the production function method and an engineering 

valuation approach by taking into account the assigned spectrum, 

installed BTS, subscriber and so on of the GSM technology based voice 

service networks and WCDMA /LTE advanced technology based 
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broadband data service networks. The economic value of spectrum is 

complemented with a discounted cash flow (DCF) valuation in order to 

estimate the net present value. 

Almost the same results of the estimated opportunity cost of spectrum 

in the production function model and the engineering valuation approach, 

estimation of opportunity cost of spectrum based on 4G/LTE advanced 

technologies, relation between spectrum price and the increment of 

spectrum assignment, and the introduction of radio frequency (RF) 

planning approach for estimating the engineering value of different 

spectrum bands in different technologies are valuable contribution to 

related literature. 

The estimation results have revealed that the opportunity cost of 

spectrum for 2G voice services is almost equal in the production function 

model and engineering valuation approach. However, the estimated 

opportunity cost of 2G spectrum is higher than the opportunity cost of 

spectrum for mobile broadband data services (3G and 4G), since mobile 

broadband data services need more spectrum. The estimation results 

show the important relation that the value of spectrum is decreasing with 

the increase of spectrum assignment. The results also indicate a valuation 

gap. The estimated opportunity cost is higher than the administrative 

price operators paid for the renewal of a 2G license in 2011. In contrast, 
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the opportunity cost of the 1800 MHz band spectrum fell behind the 

reserve price proposed in the guideline for the spectrum auction in 2015. 

Similarly, the operators were overpriced during the 3G spectrum auction 

in 2013 and 4G spectrum auction in 2018.   

Keywords: Spectrum management, Spectrum price, Opportunity cost, 

Radio frequency planning, Base station. 

Student number: 2015-30852  
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Chapter 1: Introduction 

1.1 General background 

The International Telecommunication Union has estimated an 80 to 

240-fold growth ratio of mobile traffic in the year 2020 as compared to 

2010 (ITU-R M 2290, 2013). The majority of traffic is shifting from 

voice to multimedia oriented communications, with internet protocol-

based packet switching (ITU-R M.1645, 2003). Cisco (2017) presented 

a mobile broadband traffic growth scenario for the period of 2016 to 

2021, in which mobile data traffic will grow at a compound annual 

growth rate (CAGR) of 47%, reaching 49 EB per month by 2021. Mobile 

video traffic will comprise 78% of the total mobile data traffic. The 

average smart phone will generate 6.8 GB of traffic per month in 2021, 

a 4-fold increment over the 1.6 GB per month in 2016’s average. The 

average mobile network connection speed (6.8 Mbps in 2016) will 

exceed 20.4 Mbps in 2021. As a result, the huge traffic is generating 

unusual stress on the spectrum resources in the mobile network, which 

is a prized and indispensable input for mobile services, and the demand 

for spectrum is increasing day by day. ITU-R estimates the spectrum 

requirements of IMT systems for lower and higher user density settings 

are 1340 MHz and 1960 MHz respectively for year 2020 (ITU-

R.M2290).  
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The capacity of the network can be expanded via three network 

expansion techniques such as increasing the assigned spectrum for the 

network, installing more base stations and using spectral efficient 

advanced technologies (Sweet et al., 2002). Over the past thirty years, 

cellular mobile networks have developed from First Generation (1G) to 

Fourth Generation (4G) technologies that make progressively efficient 

use of the radio spectrum available for mobile networks. Capacity 

expansion by site densification is expensive, as the service providers 

require more radios, base station equipment and extra towers/antennas. 

Moreover, they need to extend the capacity of the backhaul links. In 

contrast, assignment of additional spectrum enables to increase capacity 

more cost-effectively by adding new transceivers to existing sites, rather 

than by installing new sites. Therefore, the introduction of spectral-

efficient advanced technology and increasing the assigned spectrum are 

consistent alternatives for enhancing the capacity of mobile networks 

(Carke, 2014).  

However, increasing the amount of spectrum for mobile network is 

challenging since it is valuable and scarce. Scarcity of spectrum for 

commercial mobile networks in emerging countries has been 

underscored by many researchers. Comparatively a large number of 

operators are present in emerging countries like India, Pakistan and 
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Bangladesh for serving the large number of population and hence the 

prospective user base for cellular mobile services, is expected to assign 

each operator with a certain amount of radio spectrum for sustainable 

operation. However, usually in developed countries, the subscriber base 

is not large enough to permit many service providers. Hence the 

regulatory procedures are always in favor of a small number of operators 

with a large amount of spectrum for each operator. Sufficient spectrum 

allocation to each operator reduces the capital and operating 

expenditures of the mobile networks, leading to better business 

opportunities for the service providers (Sridhar et al., 2013).  

The rapidly growing demand for spectrum, a key input resource in the 

provision of mobile communication services, makes it imperative to 

develop suitable regulations for its management and assignment. 

However, the allocation and assignment of spectrum falls under three 

broad frameworks: command and control, flexible use and sharing or 

unlicensed (Yoon and Hwang, 2009). During the era of second 

generation (2G) mobile communications, most countries have generally 

followed the command and control approach in which the spectrum use, 

choice of technology and the price paid for the spectrum are decided by 

an administrative process. The 2G technologies such as GSM and 

CDMA are primarily designed for providing narrow band voice services. 
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The spectrum bands of 900 MHz and 1800 MHz were initially deployed 

for GSM technology, whereas 800 MHz and 1900 MHz bands were 

assigned for the CDMA technology. However, due to the development 

of a rich ecosystem for the Universal Mobile Telecommunication System 

(UMTS) and Long Term Evolution (LTE) technology, the context of 

spectrum refarming with technology neutrality is being promoted 

worldwide for more efficient use and rapid access to radio spectrum and 

for the introduction of new technology, competition and innovation. The 

relevant directives/regulations regarding spectrum refarming were first 

announced by the European Commission. It encompasses the way for 

refarming of 700 MHz, 800 MHz, 900 MHz ,1800 MHz, 2100 MHz, 

2600 MHz and 3400 MHz spectrum bands on a technology neutral basis 

that is available for UMTS (3G), LTE or WiMAX technologies, and are 

able to coexist with legacy GSM networks (European Commission, 

2009a, 2009b; European Union, 2009; Ofcom, 2009). These spectrum 

bands are also being refarmed within the year of 2010 for 3G and 4G 

mobile technologies in Asia and pacific countries including Australia, 

Bhutan, Brunei Darussalam, Hong Kong, Indonesia, Japan, Korea, New 

Zealand and Thailand (AWG-19, 2016). 

In contrast, in Bangladesh, since license and spectrum are co-termini, 

the 2G spectrum is not allowed to provide 3G/4G services in the 900 
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MHz and 1800 MHz spectrum bands up to 2017. This restriction 

prevents an optimal use of the spectrum. A 3G license was issued in 

Bangladesh at the end of 2013, when 3G services were being matured in 

the most parts of the world. The mobile telecommunications service 

license was technology-based up to 2017 and the spectrum resource is 

managed by the command and control approach. In Bangladesh, four 

cellular mobile operators are using a meager 2x113.6 MHz spectrum for 

the large subscriptions base of 134 million. As depicted in Fig. 1.1, the 

average spectrum assignment per operator in Bangladesh is suboptimal 

in comparison to other countries (Hazlett & Muñoz, 2006; GSMA, 2011; 

Mölleryd & Markendahl, 2011; AWG-19, 2016).  

 

Fig.1.1. Average MHz per operator in different countries  
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practice it is difficult to reduce the spacing of macro sites below 500 m 

(ERO, 1998). However, intra-operator macro BTS site distance is 250-

300 meters in the dense urban area of Bangladesh, which reveals that the 

assigned spectrum is insufficient and the operators are reusing the 

spectrum beyond the normal limit due to their large subscription base. 

Scarcity of spectrum, fierce competition and the delay of framing the 

regulatory policy to introduce passive infrastructure sharing have 

resulted in the proliferation of BTS sites. As a result, capital expenditure 

(CapEx) is explicitly increasing and degrading the quality-of-service 

(QoS).This may have happened due to the higher price of spectrum or 

weak regulatory policy. Under the leading role of the telecom industry, 

contribution of mobile broadband internet services to national income is 

increasing for years. The operational condition of the telecommunication 

industry is diverse and this diversity needs to be addressed when setting 

up a spectrum management policy. 

IT and telecom industry is the key route for a country to foster socio-

economic growth and achieve a higher per-capita income. It is 

understood that the development of a country can be predicted based on its 

distribution of spectrum resources and their usage. Hazlett (2006) points 

out that there is a positive correlation between per-capita income and the 

amount of spectrum usage. Doubling the broadband speeds in a country 
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can add 0.3 percent to GDP growth in the economy of the 30 OECD 

countries (Arthur & Bohlin, 2011). Qiang et al. (2009) predicted that a 

10% increment in broadband penetration yielded an additional 1.38% in 

GDP growth for low and middle income economies. The telecom market 

of Bangladesh was traditionally voice based. However, today it is trying 

to become a data traffic-based network riding on the fast-growing mobile 

broadband data services and applications. Due to the absence of adequate 

wired connectivity, the mobile phone network has emerged as an 

important instrument and key means for the population of Bangladesh to 

access communication and to access information and communication 

technology (ICT) services.  

 Due to the scarcity of spectrum, different propagation characteristics 

and the system of assigning chunks of spectrum to the service providers, 

an economic problem has arisen, specifically the necessity of rebalancing 

the demand and supply. As a result, regulators need to develop an 

affordable spectrum pricing policy. To support the growth of the mobile 

industry, the price of spectrum needs to be fixed by exploring the 

engineering value or opportunity cost by taking into account the 

spectrum demand and supply and the factors affecting mobile operators’ 

revenue, which is a precondition for the survival of the telecom industry 

in the long run. 
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1.2 Problem statement 

The radio spectrum is the key means for the operations of wireless 

communications networks. However, the mobile telecom network of 

Bangladesh is operating on insufficient spectrum resources in the 

presence of plenty of assignable spectrum in the 700 MHz, 800 MHz, 

1800 MHz, 2100 MHz and 2500 MHz bands. The telecom regulator of 

Bangladesh did not yet adopt any functional spectrum assignment and 

pricing strategy, while spectrum price is considered as one of the most 

important tools to ensure its efficient use. The mobile 

telecommunications service license is technology-based and the 

spectrum resources are managed based on “command and control”. 900 

MHz and 1800 MHz bands are assigned for 2G license and 2100 MHz 

band assigned for 3G license. Global System for Mobile Communication 

(GSM) technology-based second generation (2G) networks were the 

only means to access voice and data services until 2014. Prior literature 

reveals that the diffusion of new innovations of mobile technologies have 

been hindered by a single technology based spectrum license (Hwang 

and Yoon, 2009). This study assumes that a single technology based 

license and the absence of spectrum pricing policy are the major barriers 

for not using a suitable spectrum.    

 

During the period of 1993 to 2004, the telecom regulator of 

Bangladesh assigned a total of 65 MHz of spectrum to the five cellular 
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mobile operators from the 800 MHz, 900 MHz and 1800 MHz bands on 

a skewed “first come first served” basis without any upfront investment. 

After that, the administratively determined spectrum price was put 

forward in Bangladesh from 2005 based on an ad hoc spectrum pricing 

strategy. The price increased gradually, and reached US$ 4.16 million, 

US$ 11.75 million and US$ 20.26 million per MHz in 2005, 2008 and 

2011, respectively.  

In Bangladesh, the spectrum resources have been assigned through 

an auction process since 2013. A key feature of the auction design is 

setting the reserve price of different spectrum bands considering the 

technologies and services allowed in the spectrum license. In all these 

cases, being able to value the spectrum appropriately becomes critical. 

Indeed, the valuation of spectrum is important both in a market-

determined as well as in an administrative process of assignment. 

Flexible-package formats increase the prices paid, and higher reserve 

prices have a dampening effect (Gonçalves, 2013; Madden and Sunega, 

2017). In 2013, spectrum from the 2100 MHz band for 3G license was 

assigned for the first time through the auction process. The opening bid 

price was fixed at US$ 20 million. A total of 8 blocks of 5 MHz each 

(paired spectrum) were put to auction and each bidder was eligible to 

receive a maximum of 2 blocks. Four bidders participated in the auction 
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and the auction process was accomplished without any competition. The 

license was awarded with the winning auction price of US$ 21 million 

per MHz where 5 blocks of spectrum were sold among four bidders, and 

three bidders did not show any interest in being awarded a second block 

of spectrum for an unaffordable price.   

 

Like other developing countries, the telecom market of Bangladesh 

is predominantly voice-based. Due to the capacity constraints of the 2G 

mobile networks, the major operators requested additional spectrum 

from the GSM bands in 2014. Consequently, the Bangladesh 

Telecommunication Regulatory Commission (BTRC) initiated steps to 

assign additional spectrum from the 1800 MHz band through an auction 

process in early 2015. The reserve price was fixed at US$ 25 million per 

MHz. However, none of the bidders bid for that auction and the unused 

spectrum has not been assigned since the bidder’s assertion of a 

reduction of the reserve price remained unmet. However, finally, the 

auction has been held in February, 2018 for assigning spectrum for 4G 

with technology neutrality. The opening bid price was fixed at US$ 30 

million US$ for the 900 MHz and 1800 MHz bands and 27 million 

US$ for the 2100 MHz band. A total of 3.4 MHz (paired spectrum) from 

the 900 MHz band, 18 MHz from 1800 MHz band and 25 MHz from 

2100 MHz band were put to auction and each bidder was eligible to 
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receive a maximum of 33.4 MHz of spectrums. Two bidders participated 

in the auction among the five service providers and the auction process 

was accomplished without competition. The license was awarded with a 

winning auction price of US$ 31 million per MHz for 1800 MHz band 

and 28 million US$ for 2100 MHz band. Banglalink (BL) acquired 5.6 

MHz from the 1800 MHz band and 5 MHz from the 2100 MHz band, 

while the dominant operator Grameenphone (GP) acquired only 5 MHz 

from the 1800 MHz band. A total of 15.6 MHz spectrum was sold out of 

the available 46.4 MHz spectrum. Three bidders did not show their 

interest due to the unaffordable price. Before this auction, GP was 

holding 32 MHz of spectrum for their large subscriptions base of 65.32 

million and BL was holding 20 MHz for 32.38 million subscriptions. 

Their network capacity is insufficient for their large subscription base. 

In practice it is difficult to reduce the spacing between macro BTS sites 

below 500 meter (ERO, 1998). However, the macro BTS site-to-site 

distance is less than 300 meter in the dense urban area of Bangladesh 

where further densification of BTS sites is almost impossible. Therefore, 

the operators have no alternatives to buying spectrum, even though its 

price is very high. The operators need more spectrum but could not 

afford it due to the high price1.        

                                                      
1https://www.thedailystar.net/frontpage/bangladesh-enters-4g-internet-service-era-on-february-19-2018-1534357 
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The phenomenon of disinclination of securing spectrum by the 

bidders during 2G, 3G and 4G spectrum auction are the key motivation 

to investigate the opportunity cost of spectrum by which the regulator 

can assign unused spectrum resources. In order to understand the 

valuation gap and making policy recommendations for setting the 

affordable price of spectrum, estimation of spectrum value by evolving 

suitable methodologies is a time demanding issue for further spectrum 

assignment in Bangladesh. 

1.3 Research objectives 
 

The broad objective of this dissertation is to find the affordable 

spectrum price for the support of an efficient spectrum management 

policy. The spectrum price is estimated for the widely-used spectrum 

bands in the cellular mobile network by using techno-economic analysis. 

The goal is to identify the impact of incremental spectrum on spectrum 

price and the gap between the spectrum prices set by the Bangladesh 

telecom regulator and the opportunity cost of spectrum, which is 

estimated from the cost savings achieved by assigning appropriate 

amount of spectrum rather than installing additional base station sites. To 

do so, the opportunity cost of spectrum is estimated through the 

engineering valuation approach and production function model. This 

study proposes a radio frequency (RF) planning approach for estimating 

the engineering value of spectrum.  
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This dissertation considers that the opportunity cost of spectrum 

mostly depends on technological factors, network deployment costs and 

traffic growth. The technological factors include the spectral efficiency 

of the mobile technologies and the intrinsic properties of the spectrum 

bands such as propagation characteristics. Therefore, it is necessary to 

examine the network deployment costs for the different technologies in 

different spectrum bands. The value of spectrum also depends on the 

traffic growth and capacity demand that can be met by using additional 

spectrum. However, spectrum is a limited resource and its demand is 

increasing dramatically. Thus, a plausible assumption regarding 

spectrum utilization with respect to a certain number of base station sites 

is essential for making the correlation between the spectrum price and 

spectrum to be utilized for enhancing the mobile network capacity. 

Moreover, spectrum price is correlated with the amount of spectrum 

assignment and the revenue of the telecom market. To understand the 

relationship between spectrum assignment and spectrum price, the 

impact of incremental spectrum assignment on spectrum price and the 

relationship between spectrum usages and the revenue of the telecom 

market should be examined.  

The broad objective of this dissertation is to derive the shadow price 

of spectrum in Bangladesh, which is an important part of an efficient 
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spectrum management policy. In order to estimate the shadow price of 

spectrum based on the input mix (spectrum and BTS), the following 

objectives are framed in this dissertation:  

a. To investigate the opportunity cost of spectrum for voice and 

mobile broadband data services based on the context of the 

current and future mobile telephony market of Bangladesh using 

a production function model and engineering valuation approach. 

b. To forecast the future growth of the mobile telephony 

subscriptions for estimating the opportunity cost of incremental 

spectrum.  

c. To assess the impact of incremental spectrum assignment on 

spectrum price and examine the relationship between the 

revenue of the telecom market and the increment of spectrum 

utilization. 

 

1.4. Research questions and approaches  

 

Q1. Is there any difference between the opportunity cost of spectrum and 

the observed price of spectrum in Bangladesh? If so, how does the 

observed price of spectrum differ with the estimated opportunity cost 

in the engineering valuation approach and the production function 

model?  
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Q2. What is the diffusion pattern of mobile telephony in Bangladesh? 

How is the diffusion speed of mobile telephony affected by socio 

economic factors and the liberalized market policy? 

[[[ 

Q3. How is the spectrum price affected for the increment of spectrum 

assignment? What is the relationship between the spectrum 

assignment and the revenue of the mobile telephony market? 

 

In order to answer Question 1 based on the current context of the 

mobile communications market, the opportunity cost of spectrum is 

estimated by the production function method and the engineering 

valuation approach. In the production function method, the inputs are 

the assigned spectrum and BTS sites and the output is the number of 

subscribers. Generalized estimation equation is employed to estimate 

the parameters of the Cobb-Douglas and translog production function. 

On the other hand, for the case of engineering valuation approach, the 

opportunity cost of spectrum is to be estimated from the cost savings, 

which is enabled by proposing additional spectrum for creating the 

equivalent capacity of the existing network with respect to the 

specific number of modelled base station (BTS) sites. A radio 

frequency (RF) planning approach is employed here for determining 

the number of modelled base station sites, which should not be less 

than the base stations sites required for the network coverage. 
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Moreover, the number of modelled BTS sites must be sufficient for 

the creation of capacity for meeting the maximum traffic demand in 

the highest possible amount of recommended spectrum. However, the 

highest possible amount of recommended spectrum is determined 

from the provision of configuring maximum amount of spectrum to 

each cell of a base station and the availability of spectrum to the 

regulators.  

According to Q1, the estimated spectrum price is the weighted 

average of the price of spectrum that is different for each spectrum 

bands as the propagation characteristics of the different spectrum 

bands vary and impact the costs of network expansion. The 

opportunity cost of spectrum is determined separately for the 

different spectrum bands. To do so, the coverage capability of each 

spectrum band is estimated from the theoretical link budget analysis 

and propagation model. Then, the proportion of the price of different 

spectrum bands is determined through sensitivity analysis. 

 

Q2. The value of spectrum varies by service and technologies. In 

Bangladesh, voice service is still dominating. Mobile penetration rate 

is about 84% while the proportion of mobile broadband data users is 

not more than 25% up to 2017. However, the value of spectrum is to 

be determined from a matured market. We assume that the mobile 
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broadband data market will reach a matured state by 2021 when 

almost 51% of subscribers will use smartphones (Ericsson, 2016). 

Therefore, the S-curve method is employed to forecast the mobile 

subscriptions in 2021.  

Up to 2017, three major operators were using 51.8 MHz for the 

GSM networks and 20 MHz for the WCDMA networks. This 

research estimates additional 155 MHz spectrum for the mobile 

broadband data network by making a relationship between spectrum 

and BTS site, to be used by 2021. Permitting this relation, the 

opportunity cost of spectrum is further estimated for the 4G/LTE 

advanced network.  

In response to Q3, the opportunity cost of incremental spectrum 

is estimated in two stages. First, from the combined GSM and 

WCDMA networks using the Cobb Douglas production function 

model, and then an engineering valuation approach is employed for 

the mobile broadband data service-based 4G/LTE advanced networks 

based on the forecasted mobile subscriptions in 2021. Since the price 

of spectrum also depends on the revenue of the mobile 

communications market, the relation between the revenue and 

amount of spectrum assignment is examined by taking into account 

the determining factors of revenue in the mobile telephony market.  
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1.5 Contributions 

This research builds an analysis model for estimating the opportunity 

cost of spectrum based on the context of the current and future mobile 

communications market of Bangladesh. The outcome of this dissertation 

will assist policymakers in setting the spectrum price for the auction or 

administrative process in order to obtain optimum outcomes from 

spectrum resources. The results of this research provide insight into 

spectrum demand considering future mobile subscriptions growth, traffic 

demand, data speed and spectral efficiency. In particular, this research 

finds that spectrum price is affected by the spectrum bands and service 

types. This study recommends an efficient and affordable spectrum 

pricing strategy based on opportunity cost which will inspire the service 

providers to use more spectrum rather than installing additional base 

station sites. In particular, this research provides a basis for policy 

decisions about spectrum price according to the market dynamics and 

determining factors of mobile telephony revenue. This study also 

provides a spectrum usage roadmap up to 2021 by estimating the 

spectrum requirements to meet the future growing traffic demand. 

Finally, this dissertation will prepare a spectrum pricing framework for 

the next generation mobile communications network in Bangladesh 

where the spectrum resources are currently being managed without any 

spectrum management policy. 
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1.6 Organization 

   After this introductory chapter, Chapter 2 discusses the necessity and 

originality of this research based on a review of the existing literature. 

After commencing mobile communications in 1990s, most of the 

countries are managing their spectrum resources through a command and 

control approach while spectrum resources are assigned through auctions, 

beauty contests and on a first come-first served basis. I have found a 

limited number of prior studies on the valuation of spectrum where the 

spectrum price is estimated from the value in the next best alternative use 

(opportunity cost) and the cost-benefit analysis or cash flow model. 

Based on previous literature, this research attempts to understand the 

important factors that could be the complement solutions for framing the 

spectrum pricing model for Bangladesh. This study verifies the pros and 

cons of these two models and finds the opportunity cost approach to be 

the best suited method. The opportunity cost of spectrum is estimated by 

taking into account the ongoing voice service-based market and the 

future growth of the mobile broadband data market.  

Before performing each study, Chapter 2 presents the research 

background with motivational aspects, gaps in the current literature and 

related research questions. In Chapter 3, a study on estimating the 

opportunity cost of spectrum based on the ongoing GSM and WCDMA 

technology-based market is performed. However, the opportunity cost of 
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an LTE-technology-based mobile broadband data network is estimated 

based on the forecasted mobile subscriptions. Therefore, the mobile 

subscription is forecasted using diffusion models and presented in 

Chapter 4.  In Chapter 5, the impact of incremental spectrum usages on 

spectrum price is examined where the opportunity cost of spectrum for 

the LTE technology is estimated based on the forecasted mobile 

subscriptions. In addition to LTE technology, this chapter also estimates 

the value of spectrum from the combined GSM and WCDMA networks. 

This study also examines the relationship between mobile revenue and 

amount of spectrum usages. In each chapter, I discuss the research 

methodology, data and variables used in these studies. Each of the 

individual studies is followed by analytical figures and tables. 

Concluding, Chapter 6 presents a brief summary of the dissertation and 

the policy implications based on the results of Chapters 3, 4 and 5. 
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Chapter 2: Literature review 

2.1 Estimating the opportunity cost of spectrum 
 

Spectrum is an indispensable resource for the provisioning of wireless 

services. The remarkable growth of mobile telephony services has 

reinforced the significance of efficient spectrum management. 

Economic value analysis, market structure and technical analysis are the 

key decisions for efficient spectrum management (Hwang and Yoon, 

2009). However, efficient spectrum management can be achieved by 

ensuring its technical efficiency and allocative efficiency. The technical 

efficiency can be achieved by getting maximum output (traffic) from 

minimal inputs (spectrum and BTS). In contrast, the most important part 

of the efficient spectrum management is the allocative efficiency which 

depends on the shadow price derived from an input mix such as spectrum 

and BTS (Prasad and Sridhar, 2009). Freyens & Yerokhin (2011) studied 

the allocative vs technical efficiency and found a primacy of allocative 

efficiency over technical efficiency. Gruber (2001) examined the impact 

of spectrum fees on the mobile market and concluded that high spectrum 

fees could force the exit of firms. They can also create a highly uncertain 

long-term market environment. Lundborg et al. (2012) examined the 

effects of spectrum allocation on competition and found that the level 

playing field will be hampered if the regulator fails to set suitable prices 

for different spectrum bands. 
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The valuation of spectrum is highly situational and varies in different 

markets over time. There is no simple method for estimating the absolute 

value of spectrum. Different administration will estimate the value of a 

particular spectrum band differently by considering different factors. 

However, even though the economic valuation of spectrum is estimated 

based on numerous variables, a certain basic valuation approach can be 

used (ITU-BB Report, 2012). Based on the literature (Doyle 2006, 

Qinetiq 2006), I have listed three approaches to estimate the value of 

spectrum (Markendahl, J. et al,2010): 

Economic value: The economic value of spectrum can be evaluated by 

estimating the effect of spectrum on the GDP while spectrum is 

considered as an input in the national production. 

Engineering value: The engineering value of spectrum is quantified by 

cost savings achieved in a service providers network by using additional 

spectrum rather than using additional BTS sites. The availability of a 

large amount of spectrum for an operator results in a less costly 

configuration of the network. This mechanism could also be stated as the 

opportunity cost or the marginal value of spectrum. 

Strategic value: The strategic value reveals the comparative advantage, 

which is achieved by a service provider in the market as a result of the 

augmented amount of spectrum assignment compared to their rival 
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operators. According to prior literature on spectrum valuation studies, 

the method of spectrum valuation can be categorized into three groups, 

each of these valuation methods would result in similar estimates if 

complete information were available (Bazelon & McHenry, 2013; 

Malisuwan et al., 2015). 

Econometric method: In this method, the value of spectrum is 

translated from the econometric analysis using the data gathered from 

previous auctions in various countries. Statistical methods are employed 

to estimate the regression model in order to understand the relationship 

between market-determined prices in different countries and their 

determinants. Then, the price of spectrum for the studied country is 

derived by substituting the values of determinants in the equation. In the 

econometric approach, demand-and supply-side determinants are 

considered for spectrum valuation, where supply-side determinants are 

number of licenses, duration of license and amount of spectrum to be 

auctioned. Demand-side determinants are GDP per capita, GDP, the 

number of wireless subscribers, level of education, ratio of revenue of 

telecommunication sector to GDP and long-run technological change 

(Malisuwan et al., 2015). However, a sufficient large dataset is the 

prerequisite for the accuracy of this estimation. The data should be 

collected from a similar economy since spectrum value is driven up by 
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the per capita income and size of population (Malisuwan et al., 2015; 

Madden and Sunega, 2017).  

[ 

Cash flow method: In the real world, the value of spectrum is not only 

based on the opportunity cost but also on revenues. The impact of 

revenue on spectrum value can be captured by the cash flow method. In 

this method, the value of spectrum is estimated from the present value of 

the economic profits earned from a spectrum license over time is equal 

to the sum of the present value of each annual net return of revenue minus 

costs or net cash flow, discounted by the rate of return for that year 

(Prasad and Sridhar, 2014). The cash flow model was engaged for 

estimating the reserve price for the 1800 MHz band spectrum in India 

and it was found that the big operators were enjoying economies of scale 

in the form of administrative, operating and marketing cost (Prasad and 

Kathuria, 2014).  

Opportunity cost approach:  

In the background of the valuation of spectrum, a portfolio of the 

econometric and techno-economic models has been used in the 

contemporary studies. Among the most commonly used are the 

engineering valuation approach, cash flow method and production 

function method. The engineering valuation method is the most pioneer 

and acceptable technique for estimating the opportunity cost of spectrum 



25 

 

that has been framed in the study of Nera and Smith (1996). In this study, 

the opportunity cost approach is proposed for estimating the 

administrative incentive price (AIP) of spectrum in the United Kingdom 

(UK). Nera and Smith (1996) estimate the opportunity cost of spectrum 

from the cost savings achieved by using additional spectrum in the 

existing sites rather than installing new BTS sites. However, Doyle (2007) 

remarks that the opportunity cost of spectrum is to be estimated from the 

current and other potential uses. Sweet et al. (2002) present a quantitative 

method for estimating the opportunity cost of spectrum considering cost 

and capacity for different network deployment options using different 

amounts of spectrum. This study found that the marginal value of 

spectrum is reduced for the operators who have more spectrum. Marks 

et al. (2009) produced a report for estimating the commercial trading 

value of spectrum. This study states that the cost savings depend on the 

radio infrastructure, spectrum bands, service, applications and non-radio 

based communications technologies. The FCC (2010) has applied the 

opportunity cost approach for estimating the benefit of additional 

spectrum for mobile broadband applications. In order to facilitate the 

telecom regulators, ITU (2012) presents an approach to the valuation of 

spectrum and remarked that the opportunity cost estimation usually 

reflect the estimated price of spectrum that the bidders would place at 
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auction. In deciding whether to participate in an auction (bid for licenses), 

an operator must assess whether the projected net revenue from the 

spectrum use (based on license conditions, and revenue and cost 

estimates) exceeds the reservation opportunity cost (Cox, Dinkin and 

Swarthout, 2001). 

 

The engineering valuation approach is also employed for estimating 

the opportunity cost or marginal value of spectrum in numerous studies 

(Nachira and Mazzini, 2011; Mölleryd & Markendahl, 2011, 2012 and 

2014). The outcomes of these studies revealed that a higher amount of 

spectrum assignment leads to reduce the overall capital expenditure of 

the network and the operators can offer higher capacity and data rates at 

lower cost. Further, these studies also explored the valuation gap 

between engineering value and auction prices, where the estimated 

engineering value of spectrum is observably much higher than the prices 

paid in those countries during the last auctions. Ashraf et al. (2015) 

studied the economic sustainability between spectrum and network 

densification and found that acquiring more spectrum leads to potential 

saving in the total cost of ownership.  

Prasad and Kathuria (2014) employed the cash flow model for 

estimating the reserve price for the 1800 MHz and 2100 MHz band 

spectrums in India and found that the big operators are enjoying 
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economies of scale in the form of administrative, operating and 

marketing costs. The production function method benchmarks the value 

of spectrum to the value of physical infrastructure. Prasad (2015) derived 

the value of spectrum in India by using the Cobb Douglas and the 

translog production functions. The demerits of the production function 

are that it may become less reliable if the parameter estimate is 

statistically insignificant or if the estimation shows a low R-square value. 

Plum Consulting (2011) presents a review of the estimated spectrum 

values in India and states that the Cobb Douglas model is unsound due 

its imprecise foundation on network engineering. This study remarks that 

the cost savings approach is more robust than the cash flow model and 

production function model.  

     Besides estimating the opportunity cost of spectrum, this study also 

examined the impact of assigning more spectrum on the price per MHz 

spectrum. The assignment of more spectrum with liberal terms and 

conditions or technology neutrality immediately affects the improvement 

of the network capacity and slashing tariffs (Hazlett & Muñoz, 2006). In 

this regards, the impact of increasing spectrum on revenue is studied in 

the study of Cambini and Garelli (2017), where they consider the revenue 

as a function of GDP, population, urban population, competition, 

spectrum assignment, license fee and fixed telephony revenue. In the 
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OLS regression, they found that the amount of spectrum assignment is 

negatively correlated with revenue. However, after controlling for the 

potential endogeneity spectrum availability, the amount of spectrum 

assignment has no impact on the revenue.   

The review of the literature shows that the market opening price for 

the spectrum auction or administrative fees for the spectrum is derived 

from the value of the next best alternative use (opportunity cost) and the 

cost-benefit analysis (cash flow) by focusing on the context of the current 

market. The economic value per MHz of spectrum in the cash flow model 

is the net present value of the cash flow divided by the assigned spectrum, 

where a certain percentage of the rate of return is given to the operators 

for their investment. However, in Bangladesh, the market exhibits an 

oligopolistic nature where only two among the five operators are making 

profits. The profit margin of the dominant operator GP is more than 21% 

of their yearly revenue and the profit margin for the second largest 

operator is approximately 5%. In contrast, the other operators are not 

reaching their breakeven point and their gross earnings are much lower 

than their investments and expenditures. Therefore, the spectrum value 

from the cash flow model will demonstrate discriminatory pricing. In 

contrast, the opportunity cost per MHz of spectrum in the production 

function model and the engineering valuation approach is the total yearly 
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cost for the base stations divided by the amount of spectrum. If the 

amount of spectrum supply increase, the number of installed base 

stations will be decreased in the capacity limited network and the yearly 

cost for the base stations will also be decreased. This results in a drop of 

average cost for the network and the opportunity cost of spectrum is 

equivalent to the cost savings that can be achieved by proposing 

additional spectrum rather than installing additional BTS sites. As a 

result, this study assumes that the opportunity cost approach is more 

suitable than the cash flow model in the case of Bangladesh.  

It has already been mentioned that the opportunity cost of spectrum 

can be estimated either from the production function model or by the 

engineering valuation approach. However, a counter study of production 

function method is presented in the report of Plum (2011). This study 

claims that the production function method is unsound and that the Cobb-

Douglas production function is unable to accommodate network 

engineering or the economics of network deployment. Moreover, this 

study also claims that the dependent variable should be the level of busy 

hour traffic instead of mobile subscriptions. This study concludes that 

the opportunity cost of spectrum should be estimated by the engineering 

valuation approach by making the relationship between spectrum and 

BTS sites by taking into account the busy hour traffic. 
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Prior literature estimated the engineering value of spectrum without 

providing a common framework for making the relationship between 

spectrum and base station sites for the particular amount of busy hour 

traffic observed in each network. Mölleryd & Markendahl (2014) 

estimated the opportunity cost of 3G spectrum in India by considering 5 

MHz spectrum per operator for the base case, while 5 MHz spectrum can 

only serve 12% people of Delhi city. This study estimated 9 MHz 

additional spectrum to be required if 33% of Delhi is served. However, 

the GSM technology-based voice service network is still dominating in 

the least developed countries. The opportunity cost of spectrum based on 

GSM network was first ever estimated in the study of Sweet et al., (2002). 

This study used quantitative method for estimating the opportunity cost 

of spectrum from a virtual network considering cost and capacity for 

different network deployment options using different amounts of 

spectrum from a single spectrum band (8 MHz, 10 MHz, 12.5 MHz, 15 

MHz, 17 MHz and 20 MHz). Sweet et al.,(2002) framed the model based 

on the features of GSM technology that have been observed before 2002. 

However, wireless communications technologies are changing 

frequently and several technological features have been added to GSM 

technology for enhancing the efficiency of the radio spectrum. Among 

them, single antenna interference cancellation (SAIC) and GSM half rate 
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(HR) channel with adaptive multi-rate codec (AMR) are the pioneering 

innovations for improving system capacity (Halonen et al., 2002; Barreto 

& Pirhonen, 2006). SAIC is a technique which can terminate or 

overcome the co-channel interference coming from neighbor cells 

transmitting in the same frequency as per the frequency reuse plan. Using 

this technology, the reuse factor can be reduced to enhance the capacity 

of the network. In the existing literature (Sweet et al., 2002), the reuse 

factor is considered as 4/12 (4 BTS sites and 12 cells) for both TCH 

(Traffic Channel) and BCCH (Broadcasting Control Channel). However, 

due to the introduction of single antenna interference cancellation 

(SAIC), 3/9 and 4/12 cell re-use patterns are considered interference free 

planning and effective resource usage for the TCH and BCCH 

respectively for the macro layer cellular network (Hämäläinen, 2008). 

GSM defines two kinds of traffic channels: full-rate (FR) and half-

rate (HR). In the HR mode, one timeslot can be shared by two 

connections, thus doubling the number of connections that can be 

handled by a single transceiver (TRX) (Toril et al., 2005). As the load 

increases, half-rate is employed more often and the operators can gain 

25-30% more capacity for delivering traffic during the busy hour 

(Manjunath et al., 2010). Additionally, each BTS site is allocated three 

GSM carriers for broadcasting control channel (BCCH) where 24 time 
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slots are available. Among them, 15 time slots can be used as traffic 

channels (Kumar et al., 2008). Moreover, synthesized frequency hopping 

method is used to achieve higher spectral reuse and suitable frequency 

diversity, where 900 MHz and 1800 MHz spectrum are placed in separate 

hopping lists. BTS can have many cells (Mishra, 2004). A mobile 

network contains on an average 6 cells per BTS for a dual-band site and 

3 cells per BTS for a single band site. In dual band sites, 900 MHz is 

engaged in the underlay cells and 1800 MHz is employed in the overlay 

cells.  

A total of 60 MHz spectrum is available in the 2100 MHz band and 

110 MHz spectrum is available in the GSM bands. This study assumes 

that the opportunity cost of each spectrum band should be estimated by 

distributing the unused spectrum among the service providers, which can 

create the equivalent capacity of the existing network with respect to the 

specific number of modelled base station (BTS) sites. However, the 

number of modelled base station sites should not be less than the base 

stations sites required for network coverage. The number of modelled 

base station sites must be sufficient for meeting the maximum traffic 

demand while the highest possible amount of spectrum has to be 

assigned for each operator. Moreover, the highest possible amount of 

recommended spectrum is determined by taking into account the 
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provision of configuring the maximum amount of spectrum per cell of a 

base station, busy hour traffic and the availability of spectrum to the 

regulators. The network capacity should not be underutilized or over 

utilized, which is estimated from the combination of modelled base 

station sites and recommended spectrum.  

The price of each spectrum band is different as the propagation  

characteristics of the different bands vary and affect the cost of network 

expansion. Lundborg et al. (2012) studied the spectrum allocation and 

coverage in 14 Western European countries, where the average 

population density is 127 per km2 , and remarked that the network, 

which is built in the 900 MHz spectrum band, needs 3.4 times as fewer 

base stations in comparison to a network that is built using the 1800 MHz 

spectrum. The fees for 900 MHz spectrum are proposed as 1.67 times 

higher than the fees for 1800 MHz spectrums (Ofcom, 2013). In case of 

India, the price of different spectrum bands is differentiated according to 

their propagation capabilities. The price of 700 MHz and 900 MHz band 

spectrums has been proposed as 4 and 2 times higher than the price of 

the 1800 MHz band respectively, whereas the price of the 1800 MHz 

spectrum has been proposed as 1.2 times higher than the price of the 2100 

MHz spectrum (Prasad and Kathuria, 2015). However, the cell radius of 

a base station not only depends on the propagation capability of spectrum, 
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but is also largely affected by the user density. Due to the impact of high 

user density, the usage of lower spectrum band may not carry any extra 

benefit over higher spectrum bands if the cell area of a lower spectrum 

band base station is reduced to the range that is equivalent or less than 

the maximum cell range of the higher spectrum band. Therefore, the 

impact of user density on the ratio of the price different spectrum bands 

should be taken into account. 

According to the literature review, the major shortcomings of the 

existing studies are the absence of technological improvements, 

especially for the GSM networks, which has enhanced the efficiency of 

spectrums and reduces the network cost. In addition, the existing studies 

are presented for a specific technology, where a small segment from a 

particular spectrum band is proposed. However, the mobile 

communication networks consist of 2G, 3G and 4G technologies and the 

users are divided in each technology. The impact on spectrum price due 

to the assignment of large amount of spectrum from multiple spectrum 

bands for multiple technologies were not measured. Therefore, the 

estimation of the opportunity cost of spectrum from 2G, 3G and 4G 

networks by considering the technological change, a relation between 

spectrum assignment and spectrum price and differentiating the price of 

different spectrum bands based on their propagation capability will be a 
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worthy contribution to the existing literature. The outcome of the study 

is supposed to present implications for policymakers and industry leaders 

to ensure a healthy and sustainable growth of the telecom sector. 

2.2 The diffusion of mobile telephony in Bangladesh 

In the background of the diffusion of innovations theory (DOI), a 

number of different epidemic diffusion models have been developed to 

describe the shape of the diffusion process and to provide forecasts of 

mobile subscriptions. Among the most commonly used are the Bass 

model, the Gompertz model, and the family of logistic models. These 

models were already used to provide forecasts in regards to the diffusion 

of products and services of the high technology market and especially 

the telecommunications market. The diffusion pattern of mobile 

telephony for country case studies were analyzed for the cases of 

Portugal (Bothilo & Pinato, 2004), Greece (Michalakelis et al., 2008), 

India (Singh, 2008), and Colombia (Gamboa & Otero, 2009). 

Many studies investigated the mobile phone diffusion pattern while 

considering the impact of socio-economic variables, technological 

development and government regulations (Frank, 2002; Lee & Cho, 

2007; Hwang et al., 2009; Chu et al., 2009; Gupta & Jain, 2012; 

Yamakawa et al., 20013; Sultanov et al., 2016). Table 2.1 summarizes 

the impact of critical factors that influenced the speed of diffusion of 

mobile telephony in various countries. In addition to a single country 
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study, a considerable amount of research was conducted in the form of 

comparative analysis across a diverse range of countries, which include 

particular regions and organizations, for developed and developing 

categories (Dekimpe et al. 1998; Burki & Aslam, 2000; Gruber, 2001; 

Gruber & Verboven, 2001a; Gruber & Verboven, 2001b; Kiisaki & 

Pohjola, 2002; Massini, 2003; Kauffman & Techatassanasoontorn, 2005; 

Rouvinen, 2006; Garbacz & Thomson, 2007) 

Table 2.1 

Prior studies on the diffusion of mobile telephony  
Study Country Study 

period 

Model Factors Key findings 

Lee & Cho 

(2007) 

Korea 1984-

2002 

Logistic 

ARMA 

GDP Significantly affected the diffusion 

Fixed telephone Mobile phones are the substitute for the fixed telephony 

Introduction of digital 

technology 

Not significant 

Hwang  

et al.(2009) 

Vietnam 1995-

2006 

 

Logistic 

Bass 

Gompertz 

Fixed phone Fixed phone is the complementary to the mobile phone 

Data Data service leads to decrease in mobile phone subscribers 

HHI Positively affected the diffusion speed 

Price control regulation Insignificant 

Chu  

et al.(2009) 

Taiwan 1989-

2007 

Logistic 

Bass 

GDP Significant 

Deregulation Significant 

Digital technology Insignificant 

No of operators Insignificant 

Fixed telephone Mobile phones are the substitute for the fixed telephony 

Prepaid access restriction Insignificant 

Gupta & 

Jain (2012) 

 

India 

 

1998-

2008 

 

Logistic 

Bass 

Gompertz 

 

CPP Government intervention for reducing the tariff. It is a 

dummy variable and significantly affected the diffusion 

Tariff Tariff is reduced for the competition between the operators 

that enhance the speed of diffusion. 

Fixed phone Mobile phones are the substitute for the fixed telephony 

Yamakawa  

et al.(2013) 

Peru 1994-

2010 

Gompertz 

Logistics 

Market concentration Significant in NLR model 

Interconnection Significant in strong OLS 

GDP Significant in 1ST OLS but insignificant in strong OLS and 

NLR model 

Population Significant in strong OLS and NLR model 

Sultanov et 

al. (2016) 

Kazakhst

an 

1994-

2013 

Logistic 

Bass 

Gompertz 

GDP Insignificant 

Population Highly significant for increasing the speed of diffusion  

Fixed Mobile phones are the substitute for the fixed telephony 

Interconnection Interconnection price is insignificant 

Liberalization Insignificant 

 

2.3 Theoretical model 

 

In the engineering valuation approach, the opportunity cost of spectrum 

is estimated by setting a relationship between spectrum and BTS sites 

(Mölleryd & Markendahl, 2014). However, the production function of 
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the telecommunications sector has been estimated using different 

functional forms. Vinod (1976) estimated a Cobb Douglas production 

function utilizing data from the US fixed line telecommunications sector. 

Lopez (1997) went to the Cobb Douglas and translog production function 

to study the structure of production of the Spanish telecommunications 

sector. This study found that the Cobb Douglas and translog model 

demonstrated similar results. However, the estimation of production 

function for the wireless telecommunications market was first ever 

proposed in the study of Prasad and Sridhar (2008), where they employed 

the Cobb Douglas model to estimate the optimal number of operators in 

the Indian market. Next, the Cobb Douglas and translog production 

functions are estimated for the valuation of spectrum resources in the 

study of Prasad (2015), where the value of spectrum is estimated by the 

cost of the base station sites that 1 MHz spectrum can substitute at the 

margin (Prasad, 2015). In order to estimate the production function, this 

study assumes spectrum and base stations are the inputs and the number 

of subscribers is treated as output. After estimating the production 

function, marginal productivity theory is applied for estimating the value 

of spectrum (Lopez, 1997, Prasad, 2015).  
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Chapter 3: Opportunity cost of 2G spectrums  

3.1  Introduction 

 
Bangladesh entered in the era of cellular mobile communications in 

1993. Despite being ranked as a least developed country, the mobile 

telephony market in Bangladesh has experienced flourishing growth. 

The mobile subscriptions base has become the fifth largest in Asia and 

has been ranked ninth in the world (ITU, 2015). Due to the limitation of 

the wired network, the mobile phone network has emerged as a and key 

instrument for the masses to access communications and information and 

communication technology (ICT) services.  

 

The mobile telecommunications service license is technology-based 

and the spectrum resources are managed based on the concept of 

“command and control”. 900 MHz and 1800 MHz bands were assigned 

for 2G licenses and the 2100 MHz band was assigned for 3G licenses up 

to 2017.  

During the period of 1993 to 2004, the telecom regulator of 

Bangladesh assigned a total of 65 MHz spectrum to the five cellular 

mobile operators from 800 MHz, 900 MHz and 1800 MHz bands on a 

skewed “first come first served” basis without any upfront investment. 

After that, the administratively determined spectrum price was put 

forward in Bangladesh from 2005 based on an ad hoc spectrum pricing 
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strategy. The price increased gradually, and reached US$ 4.16 million, 

US$ 11.75 million and US$ 20.26 million per MHz in 2005, 2008 and 

2011, respectively.  

The auction process was introduced for the first time in 2013 for 

assigning spectrum from the 2100 MHz band for a 3G license. The 

opening bid price was fixed at US$ 20 million. A total of 8 blocks each 

of 5 MHz (paired spectrum) were put to auction and each bidder was 

eligible to obtain a maximum of 2 blocks. The license was awarded with 

a winning auction price of US$ 21 million per MHz where 5 blocks of 

spectrum were sold among four bidders. Like other developing countries, 

the telecom market of Bangladesh is predominantly voice-based. Due to 

the capacity constraints of the 2G mobile networks, the major operators 

asked for additional spectrum from GSM bands in 2014. Consequently, 

the Bangladesh Telecommunication Regulatory Commission (BTRC) 

initiated steps to assign additional spectrum from the 1800 MHz band 

through an auction process in early 2015. The reserve price was fixed at 

US$ 25 million per MHz. However, none of the bidders bid in that 

auction, as the bidders’ assertion for technology neutrality and a 

reduction of the reserve price remained unmet. In order to assign 

spectrum for 4G with technology neutrality, an auction was held in 

February 2018, in which the opening bid price was fixed at 30 million 
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US$ for the 900 MHz and 1800 MHz bands and 27 million US$ for the 

2100 MHz band. A total of 46.4 MHz (paired spectrum) was put to 

auction and each bidder was eligible to obtain a maximum of 33.4 MHz 

of spectrum. Two bidders participated in the auction among the five 

service providers and only 15.6 MHz of spectrum was sold out of the 

available 46.4 MHz. The auction process was accomplished without 

competition and the license was awarded at a winning auction price of 

US$ 31 million per MHz for the 1800 MHz band and 28 million US$ for 

the 2100 MHz band. As a result, the mobile telecom network of 

Bangladesh is still operating on insufficient spectrum resources in the 

presence of plenty of assignable spectrum in the 700 MHz, 800 MHz, 

1800 MHz and 2100 MHz bands. Prior literature reveals that the 

diffusion of new innovations of mobile technologies have been hindered 

by a single technology based spectrum license (Hwang and Yoon, 

2009).This study assumes that a single technology based license and the 

absence of spectrum assignment and pricing strategy are the major 

barriers for not using more spectrum. Fig.1 depicts the operators’ 

spectrum holdings up to the year 2017. Five cellular mobile operators are 

using a meager 2x117MHz spectrum for the large subscriptions base of 

145 million, which is suboptimal in comparison to the spectrum 

assignment for mobile operators in other countries and regions (Hazlett 
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& Muñoz, 2006; GSMA, 2011; Mölleryd & Markendahl, 2011; AWG-

19, 2016).  

This study is performed on three major cellular mobile operators: 

Grameenphone (GP), Robi Axiata (Robi) and Baglalink (BL). The 

remaining operators were excluded since Airtel and Teletalk currently 

capture only a very small market share of 7.8% and 2.73%, respectively. 

They have surplus spectrum and their networks are not capacity limited.  

 
Fig.3.1. Assigned spectrum per operator for 2G and 3G licenses up to 2017 

 
 

The capacity of the mobile network can be expanded by increasing the 

assigned spectrum for the network, installing more base stations by 

reusing the currently assigned spectum or by using spectral efficient 

advanced technologies (Clarke, 2014). In comparison to these techniques, 

adding new transmit-receive units to the existing sites by using newly 

assigned spectrum is more cost effective than installing new base station 

sites (Sweet et al., 2002). In addition, the assignment of more spectrum 

with liberal terms and conditions or technology neutrality has immediate 

effects on improving the network speed and slashing service prices 
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(Hazlett & Muñoz, 2006). 

However, increasing the amount of spectrum for the mobile network 

is challenging since it is valuable and scarce. Spectrum price is 

considered as one of the most important tools to ensure its efficient use. 

In order to understand the value of spectrum and make policy 

recommendation for setting its affordable price, estimation of spectrum 

value by evolving suitable methodologies is a time demanding issue. 

Indeed, being able to estimate the appropriate value of spectrum is very 

complex. The valuation of spectrum is important both in a market-

determined as well as an administrative process of assignment. Flexible-

package formats increase prices paid, and higher reserve prices have a 

dampening effect (Gonçalves, 2013; Madden and Sunega, 2017).  

In the background of the valuation of spectrum, a portfolio of 

econometric and techno-economic models has been used in 

contemporary studies. Among the most commonly used are the 

opportunity cost approach (Nera and Smith, 1996) and cash flow method 

(Prasad and Sridhar, 2014). Economic principles suggest that the 

spectrum fees set by regulators should be based on opportunity cost, 

which is more flexible and robust (Plum consulting, 2011).  

Firms incur costs when they buy inputs to produce the goods and 

services that they plan to sell. Spectrum and BTS are the key inputs for 
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wireless communications networks. The opportunity cost measures the 

trade-off between the spectrum and BTS sites that the service provider 

faces to create the capacity of the network or more specifically the 

comparative advantage and cost savings from the usage of a certain 

amount of additional spectrum rather than installing additional BTS sites. 

The investment decline for each mobile subscriber when increasing 

spectrum utilization (Hills and Yeh, 1999). However, in the absence of a 

suitable amount of spectrum, the operational costs of the network 

increase while the service providers need to install additional BTS sites 

by reusing the available spectrum and reducing the cell size (Prasad and 

Sridhar, 2009).  

This study assumes that there is a pricing gap between the spectrum 

price set by the regulator and the service providers’ willingness to pay. 

The service providers are mitigating the additional capacity demand by 

installing additional BTS sites rather than using unoccupied spectrum. 

This study also assumes that there is gap between the cost of awarding 

additional spectrum and the cost of installing new BTS sites since the 

cost for the enhancement of capacity of the network by reusing spectrum 

in the existing BTS sites is decreasing due to the reduction of price of 

radio equipment and increasing of spectral efficiency. Therefore, a 

rigorous study of the opportunity cost of spectrum is conducted in order 
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to scrutinize if this method can describe different price levels at 

administrative process and auctions.   

A key objective of this study is to develop a model to estimate the 

engineering value or opportunity cost of spectrum by proposing 

additional spectrum rather than installing additional BTS sites. However, 

the previous studies suggest that the estimation of spectrum value by 

relying on a single technique is not sound and shows critical results 

(Bazelon and McHenry, 2013). In order to validate the results, obtained 

in the proposed model, the estimated value of spectrum is compared with 

the opportunity cost estimated from the production function model, since 

the Cobb Douglas and translog production function are also used for 

estimating the opportunity cost of spectrum (Prasad and Sridhar, 2014). 

Finally, the valuation gap is identified by comparing the estimated 

opportunity cost with the reserve price proposed in the guideline for the 

spectrum auction in 2015, and the prices settled during the previous 

spectrum assignments.  

3. Methodology 

 
 

In this section, I have carried out the analysis in different stages for 

estimating the opportunity cost of spectrum by the production function 

models and the engineering valuation approach. The literature regarding 

the production function models and the engineering valuation approach 
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is described in Chapter 2. According to the prior literature, the models 

are documented as follows: 

3.2.1 Production function models  

A framework of estimating the value of spectrum in the production 

function model is presented in Fig 3.2. In order to estimate the value of 

spectrum in the production function model, the value per MHz spectrum 

has to be considered as equivalent to the cost of the base stations that 

have to be installed to create the equivalent capacity of 1 MHz of 

spectrum. Therefore, one needs to create an empirical relationship 

between spectrum, BTS and subscribers. This study assumes spectrum 

and base stations as the potential inputs and the traffic or the subscribers 

as the output. After estimating the production function from the given 

inputs and output, marginal productivity theory is applied for estimating 

the value of spectrum (Lopez, 1997; Prasad, 2015). The value of 

spectrum is computed based on the principle that at the optimum, the 

operator will allocate expenditure between spectrum and BTS in such a 

manner that they yield equal marginal productivity per US$ spent (Varian, 

1992; Prasad and Sridhar, 2014). According to this principle, the optimal 

condition is given by:  

     

M𝑃𝐿

𝑃𝐿
 = 

M𝑃𝐾

𝑃𝐾
            (3.1) 

 

where M𝑃𝐿 is the marginal productivity of spectrum and M𝑃𝐾 is the 



46 

 

marginal productivity of BTS. The Cobb Douglas production function is 

framed in Eq.(3.2) (Cobb and Douglas,1928), and has been used in many 

prior studies (Stevenson, 1980; Battes and Coelli, 1992; Prasad, 2015) :  

 

Y = A𝐿𝛼𝐾𝛽          (3.2) 

The marginal productivities are derived from the production function; 

 

M𝑃𝐿= 
𝑑𝑌

𝑑𝐿
 = 

𝐴𝛽𝐿𝛼𝐾𝛽

𝐿
 and MPk = 

𝑑𝑌

𝑑𝐾
 = 

𝐴𝛾𝐿𝛼𝐾𝛽

𝐾
 

Putting the value of M𝑃𝐿 and M𝑃𝐾 in Eq. (3.1), we obtain the value of 

spectrum  

𝑃𝐿 = 
𝛼𝐾

𝛽𝐿
𝑃𝐾         (3.3) 

where, Y denotes the cumulative number of the mobile subscriber base, 

L is the amount of spectrum in MHz, K is the number of deployed base 

station sites, 𝑃𝐿 is the value of spectrum and 𝑃𝐾 is the cost per base 

station sites per year. The parameters α and β are the coefficient of 

production function, which indicate the percentage change in subscriber 

base for a unit percentage increase in spectrum and BTS respectively. In 

addition to the Cobb Douglas model, this dissertation employs the 

translog production function which is written as follows (Griliches and 

Ringstad, 1971; Berndt and Christensen, 1973; Christensen et al., 1973). 

ln Y = ln A + ∑ 𝛼𝑖
𝑛
𝑖=1 ln(𝑋𝑖) +0.5∑ ∑ 𝛽𝑖𝑗

𝑛
𝑖=1

𝑛
𝑖=1  ln(𝑋𝑖) ln(𝑋𝑗)     (3.4) 

Y=A𝐿𝛼1𝐾𝛼2𝐿0.5 (𝛽11 ln 𝐿 + 𝛽12 ln 𝐾)𝐾0.5(𝛽21 ln 𝐿+ 𝛽22 ln 𝐾)        (3.5) 
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According to the marginal productivity and optimality condition, the 

value of spectrum in the translog model can be derived similar to the 

Cobb Douglas production function, therefor; 

PL = 
α1+ β11 ln L+0.5 (β12+β21) ln K  

α2+ β22 ln K+0.5 (β12+β21) ln L  
x 

K

L
PK                  (3.6) 

In order to estimate the parameters of the Cobb Douglas and translog 

model, the nonlinear Eq. (3.2) and (3.5) are transferred to the linear form 

by taking the natural logarithm on both sides. After that, the linear forms 

of the Cobb Douglas and translog model can be written as follows:   

ln Y = ln A + α ln L + β ln K       (3.7) 

ln Y = ln A +𝛼1ln L+𝛼2ln K+0.5𝛽11(ln L)2+ 0.5𝛽22(ln K)2+ 

0.5(𝛽12+ 𝛽21) ln L ln K                                  (3.8) 

 

Eq. (3.3) and (3.6) compute the value of spectrum for each operator, 

where the value will be different for each year since the amount of 

spectrum and number of BTS are increasing over time. However, for 

operator j, in year t, the value of spectrum is estimated using the 

following expression: 

Pjt = 
αKjt

βLjt
PK              (3.9) 

where, Pjt, Kjt and Ljt are the value of spectrum, number of BTS 

sites and assigned spectrum for operator j in year t. Finally, the average 

value of per MHz spectrum is estimated by averaging the values for all 
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operators over the time period (2005-2016) as follows: 

𝑃𝑎𝑣𝑔 =
∑ Pjt𝑗,𝑡

𝑁
              (3.10) 

Where N is the number of observations of each operator. 

 

 

 

 

 
  

 

  

Fig 3.2. Framework of estimating the value of spectrum in production function model  

 

3.2.2 Engineering valuation approach 

The opportunity cost of spectrum is estimated in the engineering 

valuation approach by assuming that the operators have a scarcity of 

spectrum and they are installing additional BTS sites to mitigate the 

growing traffic demand. In order to investigate the BTS sites installed in 

addition to the BTS sites needed for the network coverage, we employed 

the link budget and propagation model for computing the number of 

baseline BTS sites. Then, this study presents a model to enhance the 

capacity of the network by distributing the highest possible amount of 

spectrum to each operator with respect to the number of modeled BTS 

sites, which are expected to be equal or higher than the number of 

baseline sites. To do so, the radio frequency planning method for GSM 
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and EDGE (Enhanced Data rates for GSM Evolution) is employed to 

determine the number of modeled BTS sites by taking into account the 

amount of unoccupied spectrum, busy hour traffic and the provision of 

configuring maximum number of transmit-receive unit (TRX) per cell at 

the GSM base stations.  

 

3.2.2.1 Base station sites and network coverage 

 

The fundamental technical inputs for a mobile network are BTS and 

spectrum, which have an inherent technical relation. A certain minimum 

amount of BTS sites and spectrum is needed for the coverage of the 

mobile networks. This section presents the model for estimating the 

number of BTS sites required for network coverage by investigating the 

cell radius separately for dense urban, urban, sub-urban and rural areas. 

Cell radius is the maximum distance between transmitter and receiver 

which can be affected by the landscape and propagation condition and 

strength of signal. The cell radius is estimated from the link budget and 

propagation path loss model by taking into account the heights of the 

mobile and base stations antennas, carrier frequency and maximum 

allowed path loss between transmitter and receiver. The path loss is the 

distance-dependent mean attenuation of the signal which is measured by 

the theoretical link budget calculation. Link budget is a way of measuring 

the link performance that includes transmitting and receiving power, 
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antenna gain, and loss in signal power due to the effect of natural 

obstacles and human-built structures. The link budget model used in this 

study is expressed by Eq. (3.11), which was obtained after consulting 

service providers and analyzing the link budget found in the study of 

Hallahan and Peha (2010).     

𝑃𝑅𝑋 = 𝑃𝑇𝑋 + 𝐺𝑇𝑋 + 𝐺𝑅𝑋 + 𝐺𝐷 − 𝐿𝑇𝑋 − 𝐿𝑅𝑋 − 𝐿𝐹𝑀 − 𝐿𝑃 (3.11) 
 

where, 𝑃𝑅𝑋is the receiver sensitivity (dBm), received signal level is a 

function of distance, it is an index of measuring how effectively the 

receiver performs and is defined as the minimum magnitude of the 

receive signal power that the receiver can detect.  𝑃𝑇𝑋  is the actual 

amount of power of radio frequency energy that a transmitter produces 

at its output in Watts.  𝐺𝑇𝑋 and  𝐺𝑅𝑋 are the transmitter and receiver 

antenna gain (dBi) which is an antenna’s ability to direct or concentrate 

higher signal power in a given direction. 𝐺𝐷 is the diversity gain (dB) 

which is achieved by increasing the signal-to-interference ratio by 

reducing the fading, co-channel interference and error bursts. 𝐿𝑇𝑋 and 

𝐿𝑅𝑋 are the losses in the transmitter and receiver (dB) which includes 

cable loss, combiner loss and body loss. Cable loss and combiner loss 

occur when the signal passes through the various electronic devices and 

the feeder cable between the base station and antenna. However, body 

loss affects handsets due to the mismatches of the receiver orientation 
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and polarization as well as signal blocking and absorption when a 

terminal device is close to the human body.  𝐿𝐹𝑀 is the shadow fading 

margin used to model variations in path loss due to large obstacles like 

buildings, terrain conditions and trees. The effect of shadow fading is 

large on the cell coverage in urban areas which create large coverage 

holes. Shadow fading is also referred to as log-normal fading since it is 

modeled using a log-normal distribution with zero mean and standard 

deviation, σ. In the link budget, shadow fading is taken into account 

through a certain shadow fading margin. In cell border, we require that 

the signal strength plus shadow fading margin is larger than the mean 

signal level by a certain coverage probability denoted by 𝑃𝑐𝑜𝑣. Fig. 3.3 

illustrates the inversion curve of Q. The numerical value of shadow 

fading merging (SFM) is estimated by using the inversion curve of Q for 

a given coverage probability (𝑃𝑐𝑜𝑣) and standard deviation (σ) by the 

following relation: 

  

SFM = σ.𝑄−1(1-𝑃𝑐𝑜𝑣)       (3.12) 
 

 
       Fig 3.3: Inversion curve of Q 
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𝐿𝑃 is propagation loss (dB). The Okumura-Hata model (Hata, 1980) 

and the extended version of the Hata model proposed by COST-231 are 

used in this study for predicting the propagation loss of GSM 900 MHz 

and 1800 MHz bands. These are widely used models in the wireless 

industry for large scale network planning (Hallahan and Peha, 2011; 

Lundberg et al., 2012; Ovando et al., 2015). The standard formula for 

propagation path loss in urban areas is obtained by Eq. (3.13) and the 

correction equations for applications in other situations such as small and 

medium cities, and large cities are given in Eqs. (3.14) and (3.15), 

respectively: 

𝐿𝑃(dB)= 69.55 + 26.16 𝑙𝑜𝑔10𝑓𝑐  – 13.82𝑙𝑜𝑔10ℎ𝑏  – a (ℎ𝑚) + (44.9 – 6.55 

𝑙𝑜𝑔10ℎ𝑏 ) 𝑙𝑜𝑔10𝑑                                        (3.13) 

a(ℎ𝑚) = (1.1 𝑙𝑜𝑔10𝑓𝑐  – 0.7). ℎ𝑚 – (1.56𝑙𝑜𝑔10𝑓𝑐  – 0.8)   (3.14)    

a(ℎ𝑚) = 3.2 (𝑙𝑜𝑔1011.75 ℎ𝑚 )2- 4.97          (3.15) 

where 𝑓𝑐 is the frequency (in MHz) from 150-1500 MHz, ℎ𝑏 and ℎ𝑚 

are the effective height of the base station and mobile station antenna (in 

meters), d is the maximum distance (in km) between transmitter and 

receiver . In contrast, the extended version of the Hata model proposed 

by COST-231 is used for the frequency range of 1500-2000 MHz, the 

model is expressed by the following equation (EUR91):  

𝐿𝑃 (dB)= 46.3+33.9 𝑙𝑜𝑔10𝑓𝑐  – 13.82 𝑙𝑜𝑔10ℎ𝑏 – a ( ℎ𝑚 )+(44.9 – 

6.55𝑙𝑜𝑔10ℎ𝑏 ) 𝑙𝑜𝑔10𝑑+𝐶𝑀                                 (3.16) 

 



53 

 

where a(ℎ𝑚) is the same as Eqs. (3.14) and (3.15),  𝐶𝑀= 0 for medium 

sized city, suburban and rural areas, and 𝐶𝑀= 3 for metropolitan areas. 

The free space propagation loss depends on many effects such as 

refraction, diffraction, reflection and absorption. It is also affected by the 

frequency bands, transmitter and receiver antenna height, geographical 

position, distance between transmitter and receiver, and propagation 

medium. In Bangladesh, the network planners are considering some 

adjustments as tuned parameter in the Okumura-Hata model to match the 

theoretical cell radius with real life networks where a certain amount of 

propagation loss is added for urban areas and subtracted for suburban 

and rural areas. Table 3.1 represents a summary of the numeric input 

values for the link budget and propagation path loss model.  

 

Table 3.1 

Technical inputs for link budget and propagation models 
Parameter Downlink unit Uplink unit 

 

Transmitter 
characteristics 

Transmitter power 40 Watt (46.02 dBm) 2 Watt (33.01 dBm) 

Antenna gain 17.425 dBi 0 dBi 

Cable loss -4 dB 0 dB 

Body loss 0 dB -2 dB 

Combiner loss -1 dB 0 dB 

 

Receiver 

characteristics 

Antenna gain 0 dBi 17.425 dBi 

Sensitivity -95 dBm -104 dBm 

Cable loss 0 dB -4 dB 

Body loss -2 dB 0 dB 

Diversity gain 0 dB 3 dB 

Total receiver gain 93 dB 120.4253 dB 

 
Shadow 

fading margin 

Cell edge coverage probability (𝑃𝑐𝑜𝑣)  0.9 

(1-𝑃𝑐𝑜𝑣)   0.1 

Argument (Inverse of Q) 1.25 

 Dense urban Urban Suburban Rural 

Shadow fading standard deviation (dB) 8  7 6 5 

Shadow fading margin (dB) 10 8.75 7.5 6.25 
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Penetration 

loss 

Indoor penetration loss for outdoor 

coverage (dB)   

0 0 0 0 

Indoor penetration loss for indoor 

coverage (dB) 

18 15 12 8 

Okumura-

Hata 
propagation 

model 

Carrier frequency  900 MHz and 1800 MHz 

Mobile station antenna height (meter) 1.5  

 BTS antenna height 
(meter) 

Adjustment in propagation loss (dB) 

Dense urban 22  +7  

Urban 25  +3.3 

Suburban 30  -8 

Rural 35 -11.6 

Source: Mobile network operators of Bangladesh 

3.2.2.2 Relation between spectrum and BTS sites 

 
    A total of 110 MHz spectrum is available in the GSM 900 and 1800 

MHz bands including the E-GSM spectrum. However, after assigning 82 

MHz spectrum to five operators, 28 MHz of spectrum are still unused. 

Three major operators GP, Robi and BL are assigned 51.80 MHz 

spectrum for their large subscription base of 119.32 million. A 

framework for estimating the engineering value of spectrum is presented 

in Fig. 3.4.The modelled BTS sites are estimated by distributing 79.8 

MHz (51.8+28) of spectrum to the three major operators according to 

their subscriber numbers, busy hour traffic and the provision of 

configuring maximum number of transmit-receive unit (TRX) per cell at 

a macro BTS. The capacity of a BTS from a certain amount of spectrum 

is estimated based on the technical input listed in Table 3.3, which has 

been gathered from the cellular mobile operators of Bangladesh and the 

literature of RF planning for GSM and EDGE (Halonen et al., 2003). The 

cellular mobile network is typically deployed through a macro cell for 
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providing contiguous coverage. However, micro cell and small cell (pico 

cell and hotspots) are also deployed according to the service environment 

and traffic demand (ITU-R.M1768). Bangladesh is a flat terrain, in which 

contiguous coverage for the 2G network is provided by a homogeneous 

macro cell layer all over the desired areas. Micro cells are deployed over 

an existing macro cell layer only in the dense urban areas where the LoS 

(Line of sight) path is absent due to the presence of high rise buildings. 

As per the information provided by industry sources, macro cells are 

more cost-effective than microcells, and the number of micro BTS sites 

are not more than 20% of the macro BTS sites installed in the dense 

urban areas. This study proposes 100% traffic to the macro cell layer for 

estimating the relation between spectrum and macro BTS sites since the 

network coverage of the macro cell and micro cell is overlapped. 

However, in the economic modelling, aggregate costs of the micro BTS 

sites are distributed to the installed macro BTS sites for estimating the 

average cost per site. BTS can have many cells (Mishra, 2004). In 

Bangladesh, dual-band macro base station contains on average 6 cells. 

Previous studies revealed that a maximum of 12 transmit receive unit 

(TRXs) can be configured per cell of a GSM BTS (Halonen et al., 2003), 

while a maximum of 36 carriers can be used from each spectrum band at 

a three sectored macro base station. 
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Fig. 3.4. The workflow 
 

Multiple re-use rates increase the effectiveness of frequency plan, 3/9 

and 4/12 cell re-use patterns are considered interference free planning 

and effective resource usage for the TCH (Traffic Channel) and BCCH 

(Broadcasting Control Channel) respectively for the macro layer cellular 

network (Hämäläinen, 2008). As a result, each operator can have a 

maximum of 103 carriers or 20.60 MHz spectrum from the 1800 MHz 

band and 112 carriers or 22.40 MHz from the 900 MHz band2. However, 

in practice, it is impossible to assign 22.40 MHz spectrum to each 

operator from the 900 MHz band, where 35 MHz (880-915/925-960) of 

                                                      
2 We assume that the dual band BTS contains six cells with 3 cells in the 900 MHz band and 3 cells in the 

1800 MHz band. A maximum of 12 carriers can be assigned to each cell. Re-use pattern for TCH is 3/9 and 

for BCCH is 4/12. From the 900 MHz band, 33 carriers can be assigned dynamically to each BTS for TCH 

and 3 carriers per BTS for BCCH. Additionally, 1 carrier needs to be used as guard band, i.e., the total 
spectrum that can be assigned per operator is 33x3+3x4+1=112 GSM carriers or 22.4 MHz. In the case of 

the 1800 MHz band, 33 carriers can be assigned dynamically to each BTS for TCH and 3 carriers can be 

assigned for EDGE with 1 BTS or 3 cell reuse pattern and 1 carrier for guard band, i.e., the total spectrum 
that can be assigned per operator is 33x3+3x1+1=103 GSM carriers or 20.6 MHz.  

-Estimating the number of 

additional  

-BTS sites in which capacity is 

equivalent to the capacity of 

additional spectrum. 

Technical analysis (Step-1) 

-Estimating cell radius by RF planning approach using link 

budget and propagation path loss (Okumura-Hata) model  

-Estimating number of BTS sites for the coverage 

-Estimating maximum amount of spectrum for each 

operator  

-Proposing additional spectrum for each operator   

 

Technical analysis (Step-2) 

-Estimating capacity per BTS site from the 

proposed spectrum using RF planning approach 

-Estimating the number of modelled BTS sites for 

the proposed spectrum  

-Relation between spectrum and modelled BTS site 

Input 

-Transmitter characteristics 

-Receiver characteristics 

-Shadow fading 

-Penetration loss 

-RF planning parameter for the 

capacity estimation of a BTS   

 

Input 

-RF planning parameter for the 

capacity   estimation of a 

BTS 

-Subscriber 

-Busy hour traffic per user 

-Busy hour traffic per BTS site 

   Estimating the engineering 

value of spectrum 

-Cost per BTS site per year 

-Additional cost for the radio 

equipment for configuring additional 

spectrum 
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spectrum is available for five operators and currently 4.2 MHz of 

spectrum in Bangladesh is pending further assignment. 

 First, the number of modelled BTS sites is estimated for the dominant 

operator GP, who is currently assigned 7.4 MHz from the 900 MHz band 

and 14.6 MHz from the 1800 MHz band. According to the proposed 

model, GP can have an entire unused spectrum of 4.2 MHz from 900 

MHz band and 6.0 MHz (20.60-14.60) from 1800 MHz band in addition 

to their currently assigned spectrum. As a result, the highest possible 

amount of assignable spectrum for GP is 32.20 MHz or 54 GSM carriers 

can be used per BTS sites where 48 carriers are used for TCH, 3 carriers 

for BCCH and 3 carriers for EDGE3. As per the GSM plan, the voice 

traffic capacity per macro BTS site, modelled BTS sites of each operator, 

number of TSLs per BTS site, spectrum utilization per BTS site and 

spectrum requirement for each operator’s network are estimated from 

Eqs. (3.17), (3.18), (3.19), (3.20), (3.21), (3.22) and (3.23) respectively. 

 

                                                      
3 32.2 MHz contain 161 GSM carriers, where 2 carriers are for the guard band (One for 900 

MHz band and another one for 1800 MHz band), 3 carriers need to be assigned dedicatedly for 

EDGE to each BTS site, 12 carriers need to be assigned for BCCH while 3 carriers are assigned 

per BTS site, and the remaining 144 carriers are dynamically assigned for TCH with a 3 BTS 

reuse pattern, i.e., total (144/3+3+3) or 54 GSM carriers can be used per BTS site. Therefore, 48 

(144/3) of the 54 carriers are used per BTS site for TCH. In contrast, each BCCH carrier also 

contains 8 TSLs, of these, 5 TSLs can be used as a traffic channel after leaving 3 TSLs for BCCH 

and other control channels. As a result, a total of 399 TSLs (48x8+3x5) are used as TCH per BTS 

site. This will yield about 66.5 TSLs per cell for voice which can support 74.70 Erlangs per cell 

and 448.2 Erlangs per BTS site. 
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Table 3.2 

Capacity and spectrum estimation  

Parameter Equation Eq. No. 

Capacity per BTS C =  ( (
𝑀∗𝑆+𝑃

𝑛
)x β ) x α x n 3.17 

Modelled BTS sites for GP, Robi 

and BL 
BTSmodelled,GP = 

Kt,GP x TGP 

C 
  3.18 

BTSmodeled,Robi  = BTSmodelled,GP  x 
Kt,Robi x TRobi

Kt,GP x TGP
 x 

SGP

SRobi
 

3.19 

BTSmodeled,BL  =  BTSmodelled,GP  x 
Kt,BL x TBL

Kt,GP x TGP
 x 

SGP

SBL
  

3.20 

Number of TSL per BTS site N = (
Kt x T

n x BTSmodelled
)  x γ   3.21 

Spectrum utilization per BTS site 
SBTS= 

(
N − P

β
  ) x n x B

1000
   

3.22 

Spectrum requirement for the 

network 
Snet = SBTS x RF  + SBCCH  + 

SEDGE + SGB 

3.23 

 

where, C is the capacity per BTS site in Erlangs, n is the number of cells, 

M is the number of GSM carrier per BTS site for TCH, S is the number 

of TSL (Time Slots) per GSM carrier, P is the number of TSL acquired 

from BCCH for using as a traffic channel after leaving the required 

number of TSL for signaling, α the ratio of the capacity in Erlangs to the 

number of TSL considering 2% blocking probability, and β is the gain of 

an additional 30% TSLs from GSM-HR (half rate coding) or AMR 

(adaptive multi rate coding) technique (Manjunath et al., 2010), Kt,GP, 

Kt,Robi  and Kt,BL  are the cumulative subscriber at time t,  SGP , 

SRobi and SBL are the existing spectrum assignment, TGP, TRobi, and 

TBL are the busy hour traffic per user, of GP, Robi and BL respectively, 

T and Kt indicate the traffic per subscriber and cumulative subscriber 

at time t of each operator, N is the number of TSL for traffic channels 
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that are used from dynamic carriers, γ is the ratio of the number of TSL 

to the capacity in Erlangs, and B is the bandwidth per TSL, RF is the 

reuse factor for the dynamic carrier (traffic channels), SEDGE 

SBCCH and SGB  represents the spectrum requirement for, EDGE, 

BCCH and guard band respectively. 

   The modelled BTS sites for GP (BTSmodeled,GP) are estimated from 

Eq. (3.18) where the busy hour traffic of the entire network is divided by 

the capacity per base station site estimated from Eq. (3.19). The number 

of modelled BTS sites of each operator is proportional according to the 

total busy hour traffic of the network if the operators possess equal 

amounts of spectrum. However, operators that are holding less amount 

of spectrum are forced to deploy more BTS sites (Mölleryd & 

Markendahl, 2014). Assigned spectrum to Robi and BL is 1.46 times less 

than for GP. Therefore, the modelled BTS sites of Robi and BL are from 

the equations of (3.19) and (3.20). Moreover, to estimate the spectrum 

requirement for a particular network with respect to the modelled BTS 

sites, the entire traffic of the network is equally distributed to the total 

number of cells, and the number of required TSL is computed from the 

ratio of the number of TSL to the capacity in Erlangs of each cell by 

following Eq. (3.21). After that, the spectrum requirement for a modelled 

BTS site is estimated from Eq. (3.22). Although the dual-band sites 
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contain six cells, however, three carriers are used to each BTS site as 

common BCCH for releasing more frequencies to the hopping layer 

(ETSI, 1998). Finally, the total spectrum requirement per operator’s 

network (Fnet) with respect to the modelled BTS site is estimated from 

Eq. (3.23). 

Table 3.3 

Technical inputs for spectrum estimation 
Parameter Operators 

GP Robi BL 

Subscriber in million as of 2016 57.95 28.5 33.0 

Number of installed BTS sites as of 2016 11984 8854 9198 
Average subscriber per BTS site  4836 3219 3573 

Average busy hour traffic per BTS site 278.20 173.80 192.78 

Average busy hour traffic per subscriber (T) in Erlangs 0.0575 0.0539 0.0537 
Average number of cell per dual band BTS (n) 6 

Re-use factor for TCH (RF) 3/9 

Re-use factor for BCCH 4/12 

Number of TSL per GSM carrier (S) 8 

Bandwidth per TSL in KHz (B) 25 

Bandwidth per GSM carrier in KHz 200 

The gain of additional TSL from GSM-HR or AMR 
technique (β) 

30% 

Spectrum requirement for BCCH for the entire 

network in MHz (SBCCH) 

2.4 

Spectrum requirement for BCCH for each BTS site in 

MHz 

0.6 

Number of TSL used per BTS for signaling (as control 

channel) 

9 

Number of TSL acquired from BCCH for using as a 
TCH per BTS (P)  

15 

Spectrum to be needed for EDGE in MHz (SEDGE) 0.6 

Guard band in MHz (SGB) 0.4 

 

EDGE technology-based data services were introduced to the GSM 

network in Bangladesh in 2009. The average data traffic per GSM BTS 

site is 300-400 MB (megabyte) in the busy hour. The operators are 

assigning 3 GSM carriers dedicated to data traffic. Additional spectrum 

(𝑆𝑎𝑑𝑛𝑙) is computed from the difference between the estimated spectrum 

requirement for the final year of the study period with respect to the 
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modelled BTS sites and the spectrum requirement in a particular year 

which is very close or equal to their current assignment. Similarly, 

additional BTS sites (BTSadnl) are derived from the difference between 

their installed BTS in the final year of the study period and the modelled 

BTS sites. 

3.2.3 Economic modelling for estimating the opportunity cost  

  

This section presents the economic modeling for estimating the 

opportunity cost of spectrum. The economic value of additional spectrum 

is equivalent to the cost of the additional BTS sites that have been 

installed after the modelled BTS sites. The cost per BTS site per year 

(𝐶𝐵𝑆) is computed by comprising the amortized capex per year per BTS 

site for the civil construction (Csite), amortized capex per year of the BTS 

equipment (Cequipment ) and yearly operational and maintenance cost 

(Copex ). The cost of capital used for the valuation is the weighted-

average cost of capital (WACC) with the amortization period (t) (TRAI, 

2011). Cost per year per BTS site is calibrated from Eq. (3.24): 

𝐶𝐵𝑆 = Csite x [
1− 

1

1+𝑊𝐴𝐶𝐶

1−(
1

1+𝑊𝐴𝐶𝐶 
)𝑡

] + Ceqmnt. x [
1− 

1

1+𝑊𝐴𝐶𝐶

1−(
1

1+𝑊𝐴𝐶𝐶 
)𝑡

] + Copex   (3.24) 

The study proposes the use of additional spectrum for improving the 

network capacity. As a result, additional TRX and hardware is added to 

the BTS equipment for building up the network by additional spectrum, 

which leads to imposing the additional expenditure for the operators. 
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After adding the incremental cost ( 𝐶𝑎𝑑𝑛𝑙_𝑟𝑎𝑑𝑖𝑜 ) for configuring the 

additional spectrum, the cost per BTS (CBS1) is then assessed again from 

Eq. (3.25).  

𝐶𝐵𝑆1 = CBS + 𝐶𝑎𝑑𝑛𝑙_𝑟𝑎𝑑𝑖𝑜 x [
1− 

1

1+𝑊𝐴𝐶𝐶

1−(
1

1+𝑊𝐴𝐶𝐶 
)𝑡

]         (3.25) 

Moreover, the operators are paying a certain amount of yearly charge 

(𝐶𝑦𝑒𝑎𝑟𝑙𝑦_𝑐ℎ𝑎𝑟𝑔𝑒) for their assigned spectrum, which is also adjusted for 

estimating the value of spectrum. The opportunity cost (Opcost) per 

MHz paired spectrum per year is then given by:  

Opcost/MHz/year  = 
 BTSadnl x CBS 

𝐹𝑎𝑑𝑛𝑙
 - 

 BTSmodld x (CBS1− 𝐶𝐵𝑆) 

𝐹𝑎𝑑𝑛𝑙
 -𝐶𝑦𝑟𝑙𝑦._𝑓𝑒𝑒    (3.26) 

 

Finally, the net present value (NPV) per MHz paired spectrum over the 

license period of 15 years at certain percentage of discount rate (WACC) 

is then assessed by: 

𝑉𝑁𝑃𝑉 = ∑
Opcost/MHz/year

(1+𝑊𝐴𝐶𝐶)𝑡
15
𝑡=1       (3.27) 

The estimated opportunity cost of spectrum demonstrates the weighted 

average of the price of 900 MHz and 1800 MHz spectrum, where the 

weights are the percentage of 900 MHz and 1800 MHz spectrum that are 

assigned to the operators in Bangladesh. The price of 900 MHz and 1800 

MHz bands is different as the propagation characteristics of the different 

bands vary and affect the cost of network expansion. The price of the 900 
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and 1800 MHz bands is derived separately from the following relation 

(Prasad, 2014).  

% of 900 MHz x (price of 1800 MHz x Y) + (% of 1800 MHz) x price of 1800 

MHz = Weighted average of price of 900 and 1800 MHz.         (3.28) 

 

Here, Y is the ratio of the price of 900 MHz and 1800 MHz spectrums 

due to the propagation characteristics and cell radius of each spectrum 

band. The cell radius of a base station not only depends on the 

propagation capability of the spectrum, but also it is largely affected by 

the busy hour traffic. Due to the impact of higher traffic, the usage of 

900 MHz spectrum may not carry any extra benefit over the 1800 MHz 

spectrum if the cell area of a 900 MHz base station is reduced to the range 

which is equivalent or less than the maximum cell range of the 1800 

MHz spectrum obtained in the theoretical link budget analysis for indoor 

coverage. The impact of propagation capability and busy hour traffic on 

the ratio of the price of 900 MHz and 1800 MHz band spectrum is 

measured by introducing the following expression:  

Y =  
U2−U3

U1
       (3.29) 

In Eq. (3.27), U1 refers to the number of BTS sites already installed to 

the network of each service provider, where both 900 MHz and 1800 

MHz spectrum bands are being used. However, the network, which is 

built only on the 1800 MHz spectrum needs more base stations compared 
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to a network which is built on the 900 MHz spectrum. Based on the 

estimated cell radius of the 1800 MHz spectrum for indoor coverage, the 

number of BTS sites required for network coverage in the same service 

area is computed and denoted by U2. As a result of installing more BTS 

sites in the 1800 MHz spectrum, the resultant average subscribers per 

BTS site are reduced. Afterwards, a demand constraint is created and the 

assigned spectrum of each operator is not used fully or optimally for the 

underutilization of the capacity. In order to estimate the unused spectrum, 

the spectrum utilization is estimated again based on the average 

subscriber per BTS sites, which are built to use the 1800 MHz spectrum. 

Finally, the number of BTS sites ( U3 ) is computed whose cost is 

equivalent to the price of the unused spectrum. 

 

3.3. Analysis and results 
 
 

This section presents analysis and results of the opportunity cost of 

spectrum based on the production function model and the engineering 

valuation approach. Study data such as numeric value of the link budget 

parameter, voice and data traffic, subscriber, spectrum allocation, 

installed BTS sites, cost per BTS sites and RF planning parameters were 

gathered from the telecom operators of Bangladesh through BTRC. 

Afterwards, the reorganized additional information up to December 2016 
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was gathered via personal e-mail correspondences and telephone 

interviews with representatives of the operators. 

 

3.3.1 Production function model 

In order to estimate the production function models, a panel data set 

of 35 observations of three major operators covering the period of 2005-

2016 is used. The detailed data set can be found in Appendix-1. The 

Cobb Douglas production function is estimated by the generalized linear 

model (GEE) and the results are shown in Table 3.4, which shows that 

the independent variables are highly significant. However, the regression 

results in the translog model reported insignificant values of the 

parameter estimate which indicates its incompatibility for estimating the 

value of spectrum for the data set used for the regression analysis due to 

the limited number of data sets or observations. Therefore, the Cobb 

Douglas model is selected for estimating the opportunity cost of 

spectrum in Bangladesh and the value of opportunity cost per MHz 

spectrum is summarized in Table 3.6.  

Table 3.4 
 

Results of GEE for Cobb Douglas model for the GSM networks 
Parameter Coefficients Standard error t-stat Wald Chi-square P-value 

Intercept -8.436 0.265 -31.83 1006.655 0.000 

ln(Spectrum) 0.849 0.0799 10.62 113.029 0.000 

ln (BTS) 1.048 0.0561 18.68 349.644 0.000 

QICC =6.961 
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Table 3.5 
 

Results of GEE for translog model for the GSM networks   

Parameter Coefficient  Std. error t-stat Wald Chi-square P-value 

Intercept -9.926 10.8304 -0.916 0.840 0.359 

ln_spectrum 14.088 9.6987 1.453 2.110 0.146 

ln_BTS -3.120 .6994 -4.461 19.892 0.000 

ln_BTS_sqrd  0.054 0.1297 0.416 0.172 0.679 

ln_spectrum_sqrd -4.202 2.8824 -1.458 2.125 0.145 

ln_spec_ln_BTS 1.217 .8713 1.397 1.950 0.163 

QICC=12.711 

Table 3.6 
 

Opportunity cost per MHz spectrum for the GSM networks (million US$) 

Operator Opportunity cost/year Rate of return NPV Average value 

GP 3.296 0.10 25.07  

24.73 ROBI 3.008 0.10 22.88 

BL 3.448 0.10 26.22 

 

According to Eq. (3.3), the value of spectrum depends on the number of 

BTS sites, assigned spectrum and the amortized capex per BTS site per 

year. The assigned spectrum of Robi is almost the same of BL, but the 

subscriber base of Robi is smaller than BL and Robi has installed less 

BTS sites than BL. Therefore, the opportunity cost per MHz spectrum of 

Robi is lower than BL. In contrast, the subscriber base of GP is almost 

two times larger than Robi and 1.76 times larger than BL. However, GP 

installed 1.35 and 1.30 times more BTS sites than Robi and BL, while 

the assigned spectrum of GP, Robi and BL are using 22 MHz, 14.8 MHz 

and 15 MHz respectively since 2008. Due to the higher amount of 

spectrum, the amortized capex per BTS sites of GP is comparatively 

lower than Robi and BL. As a result, the opportunity cost per MHz 
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spectrum of GP is surprisingly lower than BL.      

 

3.3.2 Engineering valuation approach 

3.4.2.1 Baseline BTS sites 

 

In order to estimate the number of baseline BTS sites required for the 

network coverage, the cell radius is estimated for 900 MHz and 1800 

MHz bands in dense urban, urban, suburban and rural areas based on the 

link budget and free space propagation loss model described in Section 

3.2.2.1. The detailed estimation procedure and findings are available at 

https://drive.google.com/drive/folders/1xpISV61ZcDK0bNJakXgwbjrP

W3YwKZmK?usp=sharing. According to the estimation results, there is 

a large variation between the cell radius of 900 MHz and 1800 MHz 

spectrum due to their relative propagation capability. Fig 3.5 

demonstrates the cell radius of a base station for the outdoor coverage or 

free space propagation. However, electromagnetic waves are attenuated 

when penetrating into a building, which is called building penetration 

loss. Due to the impact of building penetration loss, the cell radius is 

reduced for indoor coverage, which is depicted in Fig. 3.6. The operators 

are using both the 900 MHz and 1800 MHz spectrum bands to each BTS 

site. The number of baseline macro BTS sites for network coverage in 

each service area is estimated by dividing the area of the service area by 

the cell area of a hexagonal cell based on the estimated cell radius for the 

https://drive.google.com/drive/folders/1xpISV61ZcDK0bNJakXgwbjrPW3YwKZmK?usp=sharing
https://drive.google.com/drive/folders/1xpISV61ZcDK0bNJakXgwbjrPW3YwKZmK?usp=sharing
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indoor coverage of the 900 MHz spectrum. The number of BTS sites 

required for the indoor coverage in the land area of Bangladesh is listed 

in Table 3.7. In addition, due to the difference of propagation 

characteristics, a comparison of the number of BTS sites required for the 

network coverage in Bangladesh in the 900 MHz and 1800 MHz 

spectrums is shown in Fig 3.7.   

Table 3.7 

Estimated cell radius and BTS sites for indoor coverage. 
 

Service 

area 

Cell radius of 900 

MHz band (meter) 

Cell radius of 1800 

MHz band (meter) 
Area (km2) BTS 

sites4  

Total 

sites 

Indoor 

coverage 

Outdoor 

coverage 

Indoor 

coverage 

Outdoor 

coverage 

Dense 

urban 

470 1480 207 653 306 535  

 

3449 Urban 817 2148 434 1141 637 369 

Suburban 2421 5306 1276 2798 5434 358 

Rural 4677 7943 2461 4154 123891 2187 
 

 

 
 

Fig 3.5. Cell radius for the outdoor coverage (km)   
 

                                                      
4 No of BTS = 

Area in km2

2.59∗(cell radius in km)2
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Fig 3.6. Cell radius for the indoor coverage (km) 
 

 

 
Fig 3.7. BTS sites required for the network coverage in Bangladesh 
 

3.3.2.2 Modelled BTS sites and assignable spectrum 
 

 

The number of modelled BTS sites and the assignable spectrum for 

each operator is estimated by following the approach described in 

Section 3.2.2.2 and from the data presented in Table 3.1. The number of 

estimated modelled BTS sites must be equal or larger than the base line 

BTS sites listed in Table 3.7. The amount of assignable spectrum varies 

based on the average subscriber per site and busy hour traffic per user. 

The maximum assignable spectrum for GP is 32.20 MHz which can 
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support about 448.2 Erlangs per site5. According to Eq. (3.18), we make 

the assumption that the resultant number of modelled BTS sites for GP 

is 7435. The modelled BTS sites were installed by GP in 2011. 

Consequently, the modelled BTS sites for Robi and BL are estimated 

individually from Eqs. (3.19) and (3.20) which are 5510 and 5874, 

respectively. By 2010, Robi and BL installed the modelled BTS sites on 

their networks. Spectrum requirement is estimated for the subsequent 

years by applying the Eqs. (3.21)-(3.23) and retaining constant modelled 

BTS sites, which is demonstrated in Fig. 3.8 and Table 3.8 (a). As per the 

proposed plan, the additional requirement for the three operators is 26.20 

MHz against the unoccupied spectrum of 28 MHz. The estimated result 

shows the existence of equilibrium conditions while the assigned 

spectrum of GP was fully utilized in 2011, whereas, the assigned 

spectrum of BL and Robi was completely utilized in 2010 with respect 

to the modelled BTS sites. Yearly spectrum demand is also estimated by 

varying the modelled BTS sites and presented in Figs. 3.9-3.11, which 

show that spectrum requirement increases (decreases) with the decrease  

(increase) in the number of BTS sites. 

                                                      
5 32.2 MHz contain 161 GSM carriers, where 2 carriers for guard band (One for 900 MHz band and another one 

for 1800 MHz band), 3 carriers need to be assigned dedicatedly for EDGE to each BTS site, 12 carriers need to be 

assigned for BCCH while 3 carriers are assigned per BTS site, and remaining 144 carriers are dynamically assigned 
for TCH with 3 BTS reuse pattern i.e. total (144/3+3+3) or 54 GSM carriers can be used per BTS site. Therefore, 

48 (144/3) of the 54 carriers are used per BTS site for TCH. In contrast, each BCCH carrier also contains 8 TSLs, 

of these, 5 TSLs can be used as a traffic channel after leaving 3 TSLs for BCCH and other control channels. As a 

result, total of 399 TSLs (48x8+3x5) are used as TCH per BTS site. This will yield about 66.5 TSLs per cell for 

voice which can support 74.70 Erlangs per cell and 448.2 Erlangs per BTS site 
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Fig.3.8. Estimated spectrum with respect to the modelled BTS sites   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.9. Spectrum vs modelled BTS sites of GP 
 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

Fig.3.10. Spectrum vs modelled BTS sites of Robi           
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Fig. 3.11. Spectrum vs modelled BTS sites of BL 

 

3.3.2.3 Opportunity cost estimates 

 
 

The price of the deviated spectrum is equivalent to the cost of the 

deviated BTS sites. The cost per year of each BTS site is estimated from 

Eq. (3.24). The amortized capex is estimated at a 10% interest rate where 

the amortizing period for the BTS equipment and civil construction is 

7.5 years and 35 years respectively (GP, 2012). With a view to use of 

additional spectrum, the operators have to install additional TRX or RF 

units to the existing sites. As provided by the industry source, cost per 

RF unit (6 TRXs) is around US$ 2000. Eq. (3.25) is followed for 

translating the cost per BTS site per year after adding the RF unit for 

using the estimated spectrum. In addition, the operators have to pay a 

yearly charge to the regulator for the additional spectrum, which is 

equivalent to US$ 0.488 million per MHz per year (source: BTRC). The 

opportunity cost of spectrum is estimated by considering all the factors 
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and adjusts by pursuing Eq. (3.26 Finally, I computed the NPV of the 

opportunity cost per MHz spectrum over the license period of 15 years 

using the central bank prime lending rate of 10% by following Eq. (3.27), 

and listed the results in Table 3.8 (b). The estimated opportunity cost 

presents the weighted average price where the price of the 900 MHz 

spectrum is assumed higher than the price of the 1800 MHz spectrum.   

Table 3.8 

 

(a) Spectrum estimates. 
  

Oprt. Year Mobile 

User 

million 

Installed 

BTS site 

Modeled   

BTS site 

User/ 

modelled 

BTS site  

Traffic/ 

user 

(Erls.) 

Traffic/ 

cell in 

(Erls.)6 

Spectrum/ 

site for 

dynamic 

carriers7 

Spectrum 

for the 

network 

(MHz) 

Addnl. 

BTS 

sites 

Addnl 

spectrum 

GP 2011 35.68  7515 7435 4800 0.0575 46.00 6.20 22.00 4549 10.20 

2016 57.95  11984 7435 7795 0.0575 74.70 9.60 32.20 

Robi 2010 16.20 5545 5510 2940 0.0539 26.41 3.80 14.80 3482 7.80 

2016 28.50 8854 5510 5172 0.0539 46.47 6.40 22.60 

BL 2010 17.77 5885 5874 3025 0.0537 27.07 3.80 15.00 3324 8.20 

2016 32.87 9198 5874 5596 0.0537 50.08 6.60 23.20 

 

(b) Opportunity cost estimates. 
 

Oprt. Amortized 

capex/BTS 

equip/year 

(US$)8 

Amortized 

capex/site 

constr./year 

(US$)9 

Operational 

cost 

/site/year 

(US$) 

Cost/ 

BTS 

site/year 

(US$) 

Cost/ site/year 

for addnl. 

spectrum 

(US$) 

Yearly 

charge/MHz 

(million 

US$) 

Opprt. 

cost/MHz/year 

(million US$) 

NPV over 15 

years at 10% 

rate (million 

US$) 

GP 4173 2570 4812 11555 12635 0.488 3.878 29.49 

Robi 3001 2562 4771 10334 11403 0.488 3.267 24.85 

BL 3078 2623 4796 10497 11566 0.488 3.001 22.82 
 

In order to estimate the value of 900 MHz and 1800 MHz bands 

separately, the ratio of price of spectrum is estimated by comparing the 

cell radius of the currently installed base station and the estimated cell 

radius of 1800 MHz spectrum for the indoor coverage listed in Table 3.7. 

The spectrum band of 900 MHz brings about cost savings only in the 

                                                      
6 (No of subscriber per BTS site * Traffic per subscriber)/6 (no of cell) 
7 Spectrum needed per BTS site for dynamic carrier is estimated from Eq. (6). 
8 Capital expense per BTS equipment for GP, Robi and BL is US$ 23444, 16858 and 17291 respectively. 
9  Capital expense per BTS site construction is US$ 27262, 27179 and 27830 for GP, Robi and BL, 

respectively. 
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service areas where the cell radius of the currently installed base station 

is higher than the estimated cell radius of the 1800 MHz spectrum. The 

cell radius of the currently installed base station is reported as the cell 

radius of the 900 MHz spectrum which is a bit higher than the estimated 

cell radius of the 1800 MHz spectrum in the service area of dense urban, 

urban and rural areas for GP. However, Robi and BL networks revealed 

a higher cell radius of the 900 MHz spectrum in the dense urban and rural 

areas. According to Table 3.9, this study presents an approach of how to 

estimate the ratio of price among the spectrum bands based on the results 

of the link budget and propagation model and the observed cell radius 

for a particular network. The results are shown in Fig. 3.12, and highlight 

that the ratio of price of the 900 MHz and 1800 MHz bands for GP, Robi 

and BL are 1.06, 1.42 and 1.38 respectively and the average ratio is 1.28. 

However, this ratio is 2 for India (Prasad, 2014) and 1.67 for the UK 

(Ofcom, 2013). 

Table 3.9 

Ratio of price of the 900 MHz and 1800 MHz spectrums.  
 

 GP Robi BL 

Cell radius of 900 MHz band estimated from 

the theoretical link budget and propagation 

model (meter) 

Dense urban 470 470 470 

Urban 817 817          

817 

Sub-urban 2421 2421 2421 

Rural 4677 4677 4677 

Cell radius of 1800 MHz spectrum estimated 

from the theoretical link budget and 

propagation model (meter) 

Dense urban 207 207 207 

Urban 434 434 434 

Sub-urban 1276 1276 1276 

Rural 2461 2461 2461 

Dense urban  1482 1544 1565 

Urban  974 1298 1343 

Sub-urban  3338 1820 2064 
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BTS sites are installed in the existing 

network for the indoor coverage(U1) (source: 

mobile operators). 

 

Rural  6190 4192 4225 

Total 11984 8854 9198 

900 MHz and 1800 MHz spectrums are used 

for the coverage and capacity respectively. 

Therefore, the cell radius of the existing base 

station is reported as the cell radius of 900 

MHz spectrum (cell radius in meter). 

Dense urban 282 277 275 

Urban 502 435 428 

Sub-urban 793 1074 1008 

Rural 2780 3378 3365 

As per the estimated cell radius, BTS sites 

are needed for the indoor coverage in the 

1800 MHz spectrum (U2) 

Dense urban  2757 2757 2757 

Urban  1306 1306 1306 

Sub-urban  1289 1289 1289 

Rural  7898 7898 7898 

Total 13250 13250 13250 

By comparing the number of BTS sites in 

each service area, I found the service area 

where 900 MHz spectrum brings the cost 

savings (It is indicated by Y if yes, and N if 

no)10  

Dense urban Y Y Y 

Urban Y N N 

Sub-urban N N N 

Rural Y Y Y 

Number of subscriber (in million) in the 

service area where 900 MHz spectrum brings 

the cost savings (source: mobile operators).  

Dense urban  5.04   4.13   4.50  

Urban  3.77   ---   ---  

Sub-urban   ---  ---  ---  

Rural  33.61   14.82  16.85  

Average subscriber per BTS sites if the 

network is deployed only in the 1800 MHz 

spectrum (the number of subscriber is 

divided by the number of estimated BTS 

sites for the indoor coverage in the 1800 

MHz spectrum in each service area)  

Dense urban 1829 1499 1632 

Urban 2884 --- --- 

Sub-urban --- --- --- 

Rural 4256 1876 2133 

Spectrum to be utilized (in MHz) if the 

network is deployed only in 1800 MHz 

band11 

Dense urban 11.20 9.80 10.60 

Urban 15.20 --- --- 

Sub-urban --- --- --- 

Rural 20.00 11.20 12.20 

Assigned spectrum in MHz 22.00 14.80 15.00 

Unused spectrum in MHz (If the network is 

deployed only in 1800 MHz band) 

Dense urban 10.80 5.00 4.40 

Urban 6.80 --- --- 

Sub-urban --- --- --- 

Rural 2.00 3.60 2.80 

Percentage of users in the service area where 

900 MHz spectrum brings the cost savings 

Dense urban 8.70 14.50 13.64 

Urban 6.50 --- --- 

Sub-urban --- --- --- 

Rural 58.00 52.00 51.06 

Price of the unused spectrum according to 

the 2G spectrum renewal price in million 

US$12 

Dense urban 19.04 14.69 12.16 

Urban 8.95 --- --- 

Sub-urban --- --- --- 

Rural 23.50 37.93 28.96 

Total price 51.49 52.62 41.12 

Cost per BTS site per year (US$) 11555 10334 10497 

                                                      
10 900 MHz spectrum brings about cost savings if the number of existing BTS sites in each service area is 

smaller than the number of BTS sites estimated for the indoor coverage in the 1800 MHz spectrum, 
which is denoted by Y, otherwise it is indicated by N 

11 Spectrum is estimated according to the approach described in Sections 3.2 and 4.2. 
12 Unused spectrum x spectrum price (price per MHz spectrum is US$ 20.26 million).x % of subscriber in 
the specific service area  
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NPV of the cost per BTS site over the license period of 15 years 

at 10% in US$ 

87888 78601 79841 

Number of base stations equivalent to the price of the unused 

spectrum (U3)13 

586 669 515 

As per Eq. (3.28), the ratio of price of 900 MHz and 1800 MHz 

spectrum  

1.06 1.42 1.38 

Average ratio of price of 900 MHz and 1800 MHz spectrum  1.28  
 

 

Table 3.11 shows the opportunity cost of spectrum derived from the 

engineering valuation approach, which has been extracted from Eq. (3.28) 

by taking into account the ratio of the price of 900 MHz and 1800 MHz 

spectrum and the percentage of 900 MHz and 1800 MHz spectrum being 

assigned to each service providers. The estimated weighted average of 

the opportunity cost of 900 MHz and 1800 MHz in the engineering 

valuation approach is 25.72 million US$. This value is approximately the 

same as the opportunity cost estimated in the production function model 

which is US$ 24.42 million. According to the engineering valuation 

approach, estimated opportunity cost per MHz of 900 MHz and 1800 

MHz spectrums is 29.25 million US$ and 23.23 million US$. However, 

the WCDMA network has not yet expanded to all geographical areas of 

Bangladesh and thus I could not measure the ratio of price of the 2100 

MHz spectrum with respect to the 900 MHz or 1800 MHz spectrum 

bands due to the constraint of network coverage data. According to the 

prior literature, in a greenfield environment, a network based on 2100 

MHz needs up to 1.22 times as many BTS sites as a network which is 

                                                      
13 The price of the unused spectrum is divided by the NPV of the cost per BTS site over 15 years.  
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built for 1800 MHz (Lundborg et al., (2012). Therefore, the price of the 

2100 MHz spectrum can be assumed to be 19.04 million US$ in 

Bangladesh.    

Fig. 3.13 shows the price per MHz of spectrum for each service 

provider, which differs across the operators according to the traffic, 

assigned spectrum and the intrinsic design of the networks. A fair share 

of subscribers per BTS site of Robi and BL is 3219 and 3587, 

respectively. However, the assigned spectrum and the traffic per 

subscriber of these two operators are almost same. As a result, the 

deviated BTS sites of BL is smaller, and the deviated spectrum is higher 

than Robi and therefore the estimated price per MHz spectrum of BL is 

lower than the price per MHz spectrum of Robi. This asymmetry can 

occur for the intrinsic design of the BL networks. Perhaps the BL 

network is using more GSM-HR (half-rate coding) channels. In contrast, 

the GP subscriber base is almost two times larger than Robi and 1.76 

times larger than BL. However, GP installed 1.35 and 1.30 times more 

BTS sites than Robi and BL, respectively, and the resultant average price 

per MHz spectrum of GP is 1.186 times higher than Robi and 1.29 times 

higher than BL. The assigned spectrum of GP is 1.46 times higher than 

of its rivals. Due to the existence of a wider bandwidth, GP has more 

available spectrum for traffic channels after setting aside a certain 
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number of carriers for BCCH, which is practically equal for all of the 

operators. Moreover, due to the effect of trunking efficiency, traffic 

carrying capacity of the network is gradually increased for increasing the 

number of traffic channels (Erlang-B Table). GP is receiving this benefit 

explicitly for acquiring the augmented spectrum. The greater amount of 

subscribers and spectrum help GP to enjoy economies of scale by 

increasing the fair distribution of subscriber per BTS site.  

Table 3.10 

Estimated opportunity cost of 900 MHz and 1800 MHz spectrum from the engineering 

valuation approach (million US$)  

Source: Authors calculations 

 GP Robi BL 

Weighted average of the price of 900 MHz and 1800 

MHz spectrum (operator wise) 

29.49 24.85 22.82 

The ratio of price of 900 MHz and 1800 MHz 

spectrums  

1.06 1.42 1.38 

Estimated price per MHz of 900 MHz spectrum  30.58 29.17 28.00 

Estimated price per MHz of 1800 MHz spectrum  28.94 20.53 20.23 

Weighted average of the price of 900 MHz and 1800 

MHz band (average)14 

25.72 

Estimated average price per MHz of 900 MHz 

spectrum  

29.25 

Estimated average price per MHz of 1800 MHz 

spectrum  

23.23 

Estimated average price per MHz of 2100 MHz 

spectrum 

19.04 

 

 Table 3.11 

 Spectrum value observed in different auctions  

Reserve price proposed in the guideline for the spectrum auction in 2015 25 

Weighted average of the price of 900 MHz and 1800 MHz for the renewal 

of 2G license in 2011 

20.26 

Market determined price of 2100 MHz spectrum band for 3G  21 

Market determined price of 1800 MHz for 4G 28 

Market determined price for 2100 MHz for 4G 31 

 

                                                      
14 (29.49+24.84+22.82)/3 
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Fig.3.12. Ratio of price between 900 MHz and 1800 MHz 
 

 
Fig 3.13. Estimated opportunity cost of spectrum for each service provider  

 
Fig. 3.14. Comparison of estimated price and market determined price  
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3.4 Comparison of spectrum value between the opportunity cost 

approach and the cash flow model 

 

     In the real world, the value of spectrum is estimated not only based 

on the opportunity cost but also on revenues. The impact of revenue on 

spectrum value can be captured by the cash flow method. In this method, 

the value of spectrum is estimated from the present value of the economic 

profits made from a particular amount of spectrum over the license 

duration which is equal to the sum of the present value of each annual 

net return of revenue minus costs or net cash flow, discounted by the rate 

of return for that year (Prasad and Kathuria, 2014). The cash flow 

accumulating from the ownership of a certain block of spectrum is equal 

to the revenue earned from mobile subscribers less the cost: 

 

Cash flow = Revenue – (License fee + spectrum charge + network cost + Administration, marketing and 

personnel cost)                                                                       (30) 
 

 

    In order to estimate the value of spectrum, the data is collected from 

the annual report of each operator. The net present value (NPV) over 15 

years at 10%, the weighted average cost of capital provides the value of 

their assigned spectrum. On the other hand, the price charged to the 

service provider must allow a certain rate of return on their capital 

investment, which is considered as 15%. The value of spectrum less the 

NPV of the annual return, i.e., 15% of the price, over 15 years gives the 

price of their assigned spectrum for 15 years (Prasad and Kathuria, 2014). 
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Price = Value – NPV over 15 years of (price x 15%)                       (31) 

 

From the above equation, the price of spectrum comes to US$ 44.42 

million for GP and US$ 14.57million for Robi. Another operator, BL is 

not profitable yet and their cash flow is negative. The estimated value of 

spectrum from the cash flow model is presented in Fig. 3.155. The 

estimated value of spectrum for GP is much higher than for Robi because 

of their large market share. GP’s market share is 44% in terms of 

subscriptions and more than 47% in terms of revenue. Additionally, the 

average value of spectrum in both models is also presented in Fig.3.16, 

where the estimated average value of spectrum from the opportunity cost 

approach is considerably higher than from the cash flow model.  

 

Fig 3.15. Estimated price/MHz in the cash flow model 

 

 
Fig 3.16. Comparison of estimated spectrum price  
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3.5. Conclusion  
 
 

This paper has derived the opportunity cost of spectrum in Bangladesh 

using the Cobb Douglas production function and the engineering 

valuation approach. The estimated opportunity cost of GSM spectrums 

is almost same in both models. However, the opportunity cost of 

spectrum is higher than the cash flow model. In the engineering valuation 

approach, the opportunity cost of spectrum is estimated from the cost 

savings achieved over base stations by awarding additional spectrum. 

The amenability and simplicity of the engineering valuation approach 

are that the approach can estimate the value of spectrum at the margin in 

terms of the cost of physical infrastructure without depending on too 

many parameters and avoid the complication of statistical validity. The 

value of spectrum as listed in Tables 3.10 and 3.11 and shown in Fig. 

3.14 indicates a valuation gap. The estimated opportunity cost is higher 

than the administrative price operators paid for the renewal of a 2G 

license. In contrast, the opportunity cost of the 1800 MHz band spectrum 

fell behind the reserve price proposed in the guideline for the spectrum 

auction in 2015. Similarly, the operators were overpriced during the 3G 

spectrum auction in 2013 and the 4G spectrum auction in 2018.  
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Chapter 4: Diffusion of mobile telephony in Bangladesh 

 

4.1  Introduction 

 

In recent years, the mobile communications market of Bangladesh has 

observed a booming growth. The mobile subscriptions base has become 

the fifth largest in Asia and has been ranked ninth in the world. The 

mobile telecommunication networks have emerged as a key means for 

the masses of Bangladesh to access communications and information 

and communication technology (ICT) services. Despite being ranked as 

a least developed country, mobile telephony services have demonstrated 

rapid growth in Bangladesh, where the mobile subscriptions have 

reached 133.7 million with an 83.36% penetration rate (ITU, 2016). The 

study of the mobile diffusion process using widely accepted methods is 

of paramount importance to recognize the key factors promoting further 

expansion of mobile networks towards the introduction of new 

technologies. The findings should be earnestly taken into account for 

framing the regulatory policy as well as for drawing up infrastructure 

and business plans.  

Single technology diffusion models are widely employed as a 

common analytical tool to predict the diffusion of new technologies as 

well as to explain the difficulties of the fundamental diffusion process. 

Typically, the diffusion of innovation is likely to follow a sigmoid or S-
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shaped curve, while the speed of diffusion could be affected by  

multiple socio-economic factors, competition and regulations. 

According to earlier studies, the growth of mobile telephony is promoted 

by the gross domestic product (GDP) per capita, fixed phone penetration 

(Ahn & Lee, 1999), and technological innovation and competition 

(Burki & Aslam, 2000). Diffusion is also accelerated by a large user base 

and low user cost (Madden et al. 2004). The influence of technological 

innovation, for example analog to digital, was found to have a positive 

and significant effect on mobile diffusion (Gruber and Verboven, 2001a). 

However, to the best of my knowledge, no studies have recognized the 

vital factors that accelerate the astonishing growth of mobile phone 

subscriptions in Bangladesh.  

The average mobile penetration rate in developed and developing 

countries is demonstrated as 127.30% and 98.70% respectively in 2017 

(ITU, 2017). Bangladesh is expected to become the 29th largest economy 

by 2030 in terms of purchasing power parity (PPP) and will join the list 

of newly emerging economies (PwC, 2017). It is assumed that there is 

untapped potential in the mobile telecommunications market. As a result, 

it is an overwhelming task to estimate the potential market and identify 

the driving forces that inspire the people of Bangladesh to use mobile 

phones as a prevailing means of accessing communications networks. 
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The key objective of this study is to identify the best-suited diffusion 

model among the Bass, logistic and Gompertz models for describing the 

shape of the mobile telephone diffusion process in Bangladesh. Finally, 

the best-suited diffusion model is applied to determine the key 

contributing factors for enhancing the speed of mobile diffusion among 

government regulation, competition, service prices, economic indicators 

(GDP per capita) and telecommunications services. 

The remainder of this study is organized as follows: Section 4.2 

describes the mobile communications market of Bangladesh and related 

regulations. Section 4.3 presents the methodology, model performance 

evaluation and empirical analysis. Section 4.4 presents the forecasting 

of the mobile subscriptions. Finally, Section 4.5 concludes with a 

summary of the outcomes and policy implications. 

 

4.2  Overview of the telecommunications market and regulations 
 
 

Since gaining independence in 1971, the telecom market in 

Bangladesh has been dominated by the state-owned fixed line telephone 

operator Bangladesh Telegraph and Telephone Board (BTTB). The 

telecom sector had experienced a long stagnant period due to the lack of 

expertise, investment, and political uncertainty until 1996. Fixed phone 

growth was marginal due to high user cost and long waiting time for 

facilitating new connections.  
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 The telecom sector was opened up by a liberalized market policy in 

the 1990s. Pacific Bangladesh Telecom Limited (PBTL) started 

commercial operations as the first private mobile telephony operator in 

1993. PBTL enjoyed a monopoly status for almost four years and 

charged very high prices for the mobile connections when the tariff was 

stable at BDT 12.00 per minute. For changing the market structure 

through competition, several operators launched in the market 

simultaneously: Grameenphone Ltd (GP), Robi Axiata (Robi) and 

Banglalink (BL) acquired licenses in 1996 and started their services 

commercially in 1997 with GSM (Global System for Mobile 

Communication) technology. With a view of liberalization, market 

promotion, and effective and efficient operation of the 

telecommunication sector, the government formulated the National 

Telecommunications Policy of 1998 and the Bangladesh 

Telecommunications Act of 2001 (BTA 2001). According to the BTA in 

2001, the Bangladesh Telecommunication Regulatory Commission 

(BTRC) was established in 2002 as an autonomous supervisory body for 

the telecom sector. In order to create a more liberalized and competitive 

market, regulator also issued two new cellular mobile operator licenses 

to Teletalk Bangladesh Ltd and Airtel Bangladesh Ltd in 2004 and 2005, 

respectively. The abolition of the monopoly lead to fierce competition 
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and forced tariff reductions from Bangladesh Taka (BDT) 12.00 per 

minute to BDT 1.02 per minute. 

During the early years of the commencement of mobile networks, the 

speed of mobile diffusion was adversely affected by the high user cost. 

The mobile operators were mostly dependent on BTTB’s network for 

carrying their domestic traffic. They were legally bound to transmit and 

receive international calls through BTTB’s international trunk exchange 

(ITX). However, BTTB was unable to provide adequate interconnection 

facilities due to capacity constraints and charged excessive rates for 

using their infrastructure. As a result, the cost of ownership of a mobile 

phone was restricted to the higher income group and mobile phone 

devices were considered luxury items. Due to the absence of 

interconnection exchange (ICX) and the limited capacity of the ITX, the 

regulator adopted the innovative idea of mobile to mobile (MTM) 

communications in 2001 for communicating within the mobile networks. 

This idea reduced the cost of ownership of a mobile phone by cutting the 

excess charge of approximately BDT 11315 per mobile connection 

which was imposed for the interconnection facility to the fixed phone 

network and access to international calls. The cost of ownership of a 

mobile phone was BDT 29,512 in 1998 and has been gradually reduced 

to BDT 10,000 in 2002. In addition, the call tariff was also reduced from 



88 

 

BDT 12.00 per minute to BDT 8.00 per minute for the MTM 

communications. The falling call tariffs and the lowered cost of 

ownership of mobile phones due to the MTM communications concept 

is considered as a primary driver for starting the mobile diffusion in 

Bangladesh. Further, the introduction of calling party pays (CPP) in 

2004 and price cap regulation (PCR) in 2007 were the most effective 

measures for reducing the mobile tariffs.  

Due to the impact of the liberalized market policy, the market 

perceived a substantial revolution in the competitive landscape, which 

lead to fierce competition among the operators, and forced tariff 

reductions to the level of the lowest average tariff in the world for voice 

service. Operators were offered promotional packages including a 

handset and SIM card at affordable prices, which was attractive for the 

low income group in using mobile phones. Moreover, the regulator 

issued 3G licenses in 2013, which has further accelerated the cellular 

mobile growth in Bangladesh by capturing the data fond customers. Fig. 

4.1 depicts the mobile penetration rate in Bangladesh which has 

increased from a measly 1.97% in 2004 to 83.36% in 2015. 
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Fig.4.1: Mobile penetration rates in Bangladesh 
 

4.3  Methodology and empirical analysis 

4.3.1. Diffusion models 
 
 

“The diffusion of innovation literature has proven that the spread of a 

successful innovation over time typically follows a sigmoid or S-shaped 

curve” (Mahajan & Peterson, 1985; Rogers, 1995; Geroski, 2000; 

Botelho & Pinto, 2004). According to the diffusion of innovation theory, 

during the initial stage of diffusion, only a small number of adopters go 

on to adopt the innovation in each time period. However, due to the 

effect of market internal characteristics, advertising and word-of-mouth 

power, and change in prices, the diffusion process grows until the peak 

level is reached. Afterward, the growth rate tapers off and finally 

declines with time (Rogers, 1995). The fundamental diffusion model is 

framed as the following differential equation (Mahajan & Peterson, 

1985): 

 

𝑑 𝑀(𝑡)

𝑑𝑡
= 𝑘(𝑡)[�̅�-M(t)]                  (4.1) 
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With the boundary condition M(t =  𝑡0 ) =  𝑀0 , the number of 

cumulative adopters at time t is M(t). �̅� is the saturation level or the 

total number of potential adopters in the social system. When M(t) 

approaches the total number of the potential adopters in the social 

systems, �̅�, the rate of diffusion decreases. The coefficient of diffusion 

and the rate of diffusion at time t are denoted by k(t) and 
𝑑 𝑀(𝑡)

𝑑𝑡
, 

respectively. Mahajan also expressed the coefficient of diffusion k(t) as 

a function of cumulative adopters M(t) that has been articulated by a 

simple linear function of the form:  

k(t) = p + q M(t)            (4.2) 
 
 

Where, k(t) = p can be defined as coefficient of diffusion for external 

influence (q = 0). On the other hand, k(t) = q M(t) is the index or 

coefficient of diffusion for the case of the internal-influence (p = 0). 

Mixed-influence diffusion (p, q ≠ 0) is influenced by both internal and 

external factors, where k(t) = (p + q M(t)). Considering the sources of 

influence, the widely used logistic and Gompertz models are known as 

the internal-influence diffusion model where the diffusion process is 

influenced by interpersonal communications among social system. The 

Bass model is identified as the mixed-influence diffusion model where 

diffusion is influenced by both internal and external factors (Mahajan & 

Peterson, 1985). The Gompertz, Bass and logistic models were deployed 
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commonly in single country studies with the aim of modelling the 

characteristics of the mobile diffusion process and it was found that the 

S-shaped diffusion pattern (Gupta & Jain, 2012; Sultanov et al., 2016) 

prevails. Therefore, I assumed that the nature of the mobile telephony 

growth in Bangladesh may follow the typical S-shaped diffusion curve. 

Among the proposed diffusion models, the Bass model (Bass, 1969) 

is the first contemporary work that is widely used as a tool for forecasting 

the diffusion of new products. Dr. Frank Bass developed this model for 

predicting the saturation level of color TV sales while considering the 

adopter categories of innovators and imitators. The innovators are the 

first adopters who adopt the innovations without any influence of social 

pressure or without the encouragement of persons who have already 

adopted the innovations. However, during the timing of adoption, 

imitators are encouraged by the innovators (word-of-mouth), mass 

media communications and other communication channels, or by the 

number of prior adopters of the social system. These types of pressure 

increase for the later adopters. Another important form of the Bass model 

is that the comparative number of innovators decreases gradually with 

an increment number of imitators. As a result, the importance of 

innovators declines with time, even though they are considered as the 

privileged group in the initial period of the diffusion process. For 
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estimating the Bass model, we have applied the equation defined by 

Srinivasan and Mason (1986).  

X(i) = �̅�[
1−𝑒−(𝑝+𝑞)𝑡𝑖

1+(
𝑞

𝑝
)𝑒−(𝑝+𝑞)𝑡𝑖

−
1−𝑒−(𝑝+𝑞)𝑡𝑖−1

1+(
𝑞

𝑝
)𝑒−(𝑝+𝑞)𝑡𝑖−1

 ] +𝑈𝑖            (4.3) 

where i =1, 2, 3 ---T and 𝑈𝑖  is an additive error term with 

variance 𝜎2. X(i) are sales in the ith time interval (𝑡𝑖−1, 𝑡𝑖) and p and q 

denote the coefficient of innovation and imitation. The potential market 

�̅�  is a function of the population; �̅�  = β.POP, where β is the 

percentage of the total population that will ultimately adopt a mobile   

phone (Gruber & Verboven, 2001a). 

 The logistic model is another instance of a commonly used reliable 

forecasting tool among the S-shaped models, which was employed for 

modeling the diffusion of hybrid corn in the US (Grichelles, 1957). In 

addition to the Bass and logistic models, the Gompertz function is a more 

widespread S-shaped diffusion model that has shown its superiority over 

other models. Chow (1967) studied the growing demand of electronic 

computers in the US and observed that the Gompertz model outperforms 

the logistic model. Dixon (1980) performed the alternative measure of 

the diffusion of hybrid corn in the US using Griliches’ hybrid seed corn 

data and improved the estimating techniques using the Gompertz model.  

   Although the logistic and Gompertz diffusion models are separate, 

identical parameters are used for demonstrating the models, where a and 
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q denote the timing and diffusion speed coefficients. Mahajan et al. 

(1990) summarized the characteristics of the flexible diffusion model 

while considering two important mathematical properties: point of 

inflection and symmetry. The logistic model (Mansfield, 1961) is 

applicable for modeling the diffusion of industrial, high technology and 

administrative innovations. The point of inflection of the logistic model 

is 0.5, which specifies that it is symmetric. The logistic curve reaches the 

maximum rate of diffusion when M(t) equals 50% of the saturation level . 

The logistic growth curve can be structured by the equation: 

 

𝑀(𝑡) =  
�̅�

1+𝑒−(𝑎+𝑞𝑡)     (4.4) 

    

The Gompertz model (Hendry, 1972; Dixon, 1980) is applicable for 

consumer durable goods and agricultural innovations. This model is 

nonsymmetric with a point of inflection of 0.37, which indicates that the 

maximum rate of growth is achieved when the total number of adopters 

reaches 37 % (𝑀τ= M̅/𝑒) of the saturation level. This model reaches a 

maximum growth rate relatively earlier than the logistic model. However, 

the Bass model (Bass, 1969) is applicable to retail services, consumer 

durable goods, agriculture, and industrial processes. The maximum rate 

of diffusion can happen before M(t) reaches 50% of the potential market 

or at any time during the diffusion process. Therefore, the diffusion 

pattern of Bass model can be both symmetric and nonsymmetric 
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(Mahajan et al., 1990). The Gompertz model is expressed by the 

equation: 

 

M(t) = 𝑀.̅̅ ̅ 𝑒−𝑎𝑒−𝑞𝑡
            (4.5) 

 

 

4.3.2. Model estimation and performance evaluation 
 
 

The diffusion models’ parameters were estimated by nonlinear 

regression (NLS) using historical data of actual annual mobile 

penetration from 1993 to 2015. Before performing NLS, the nonlinear 

equation of the diffusion models was converted into linear form for 

computing the parameters by ordinary least square (OLS) regression. 

The results of the OLS estimation were used as an initial value for NLS 

(Srinivasan & Mason, 1986). The numerical values of diffusion 

parameters are listed in Table 4.1. The estimated saturation levels of the 

potential mobile subscriptions differed across the models. The Bass, 

logistic, and Gompertz I and Gompertz II models estimated the potential 

market as 99.3%, 92.2%, 114.9% and 114.9% of the total population 

respectively, where all of the values are highly significant.  

In addition to market potential, the value of a (location of the diffusion 

curve) and q (coefficient of diffusion speed) of the Gompertz and logistic 

models are also significant. However, the Bass model showed an 

insignificant value of p (coefficient of innovation) whereas the measure 

of q (the coefficient of imitation) is significant. Regarding the estimated 
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diffusion parameters of the Bass model, the coefficient of innovation (p) 

and the coefficient of imitation (q) derive useful information. More 

specifically, the coefficient of imitation is observably higher than the 

coefficient of innovation. This indicates that the diffusion of mobile 

subscriptions is extremely influenced by word-of-mouth power (Gupta 

& Jain, 2012). 

 

  Selection of the best-suited model is an important consideration for  

diffusion analysis that can be used for describing the best possible 

diffusion process. In terms of the level of significance of the estimated 

parameters, the logistic and Gompertz models show a stronger validity 

than the Bass model. Therefore, the best fitting model is selected among 

the logistic and Gompertz models. The performance of each model can 

be evaluated on an ad hoc basis due to the absence of a standard 

framework for model selection (Chu et al., 2009). The model fitness is 

examined by using the measures of R2, root means square error (RMSE), 

residual sum of squares (RSS), the Akaike information criterion (AIC) 

and Schwarz information criterion (SIC).  

  Performance test results are listed in Table 4.2. The R-square value 

of the Gompertz model is marginally greater than of the logistic model. 

In terms of the R-square values, fitness of the Gompertz and logistic 

models are almost the same since the difference is extremely small. The 
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RSS and RMSE values indicate the error of the estimation, which is 

calculated from the difference between the observed and predicted 

subscriptions. The RSS and RMSE value of the Gompertz model is 

smaller than of the logistic model, indicating that the result of the 

Gompertz model present the smallest difference between the observed 

and predicted penetration rates during 1993-2015. In addition to RMSE, 

RSS and R2, the AIC and SIC value of the Gompertz model is smaller 

than of the logistic model. Therefore, the Gompertz model is the best-

suited diffusion model that is capable to describe the diffusion process 

of mobile telephony in Bangladesh. The Gompertz model was employed 

in similar studies and was found to be the best-suited model 

(Michalakelis et al., 2008; Singh, 2008; Gupta & Jain, 2012; Yamakawa 

et al., 2013; Sultanov et al., 2016). The S-shaped curve of the diffusion 

models is illustrated in Fig.4. 2. 

Table 4.1 
NLS estimation results for mobile telephony diffusion. 

Model Parameter Estimate Std error t-Statistics P-value 

Bass M̅ 99.3 11.60 8.560 0.000***  

p 0.0003 0.0003 1.103 0.281  

q 0.392 0.060 6.533 0.000*** 

logistic M̅ 92.152 3.284 28.06 0.000***  

a -8.127 0.410 -19.822 0.000***  

q 0.451 0.027 16.704 0.000***  

Gompertz  M̅ 114.94 6.134 18.738 0.000***  

a 46.894 9.698 4.835 0.000***  

q 0.219 0.015 14.600 0.000***  
***p<0.01, **p<0.05, *p<0.1 
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Table 4.2  

Model comparison results for mobile telephony diffusion. 
Indicators Bass Logistic Gompertz  

RMSE 1.772 1.878 1.395 

𝑅2 0.813 0.996 0.998 

RSS 72.23 81.12 44.74 

AIC 34.32 36.99 23.31 

SIC 38.86 46.57 27.85 
 

 
Fig.4.2. S-shaped curves of the diffusion models and actual data 
 

 

4.3. Factors affecting the speed of mobile telephony diffusion  
 

Since the Gompertz model outperforms the other two models, the 

Gompertz model can be employed for exploring the effect of explanatory 

variables on the speed of diffusion of mobile telephony in Bangladesh. 

Actual annual mobile subscriptions and estimated market potentiality for 

mobile telephony penetration rate in the Gompertz model can be used 

for computing the dependent variable using Eq. (4.6), which is the 

discrete form of the speed-varying Gompertz diffusion model (Chow, 

1967; Massini, 2004).  

 

𝑞𝑡 = 
𝑀𝑡−𝑀𝑡−1

𝑀𝑡−1(𝑙𝑛�̅�−𝑙𝑛𝑀𝑡−1)
           (4.6) 

 

0.00

20.00

40.00

60.00

80.00

100.00

120.00
1

9
9

3

1
9

9
6

1
9

9
9

2
0

0
2

2
0

0
5

2
0

0
8

2
0

1
1

2
0

1
4

2
0

1
7

2
0

2
0

2
0

2
3

2
0

2
6

2
0

2
9

2
0

3
2

2
0

3
5M

o
b

il
e 

su
b

sc
ri

b
er

s 
p

er
 1

0
0

 

in
h

ab
it

an
ts

Actual Bass Logistic Gompertz



98 

 

Where 𝑞𝑡  is the diffusion speed at time t. According to the prior 

literature, the diffusion process varies across countries and is greatly 

influenced by socio-economic perspectives, technological change, 

competition and regulation. Like in other countries, it can be assumed 

that the development of the mobile telephony market in Bangladesh has 

been also affected by all these factors.  

    GDP per capita is a key indicator for measuring the effect of 

economic development on the diffusion of mobile telephony. The impact 

of GDP per capita was examined in single country and cross country 

studies and it was found that the diffusion of mobile telephony is 

positively affected by GDP growth (Frank, 2004; Lee & Cho, 2007; Chu 

et al., 2009, Yamakwa et al., 2013; Rouvinen, 2006).  

    Some studies have examined the impact of existing 

telecommunications technologies and services and found them to either 

be complements or substitutes. Mobile telephony is a substitute for fixed 

line telephony in the countries of the European Union, South Korea, 

India and Kazakhstan (Gruber & Verboven, 2001a; Lee & Cho, 2007; 

Gupta & Jain, 2012; Sulatnov et al., 2016). In contrast, the fixed phone 

is complementary to the mobile phone in Central and Eastern Europe 

and Vietnam (Gruber, 2001; Hwang et al., 2009). The majority of 

telecommunications traffic is shifting from voice to data-oriented 
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communications with internet protocol-based packet switching (Lee & 

Lee, 2008; ITU-R M.1645, 2003). In addition to fixed line telephony, 

fixed broadband data subscriptions have been increasing day by day. To 

the best of my knowledge, an analysis of the effect of data services on 

the growth of mobile telephony is absent in the literature, except for 

Hwang et al. (2009).  

 

 The effect of competition on the speed of diffusion is measured from 

the market concentration and market opening policy or deregulation. The 

market opening policy or deregulation was found as a determinant for 

the diffusion of mobile telephony in Gruber and Verboven (2001a, 

2001b); Chu et al. (2009) and Sulatnov et al. (2016). Yusuf et al. (2010) 

studied the competition matters of the mobile phone market in 

Bangladesh and remarked that competition was created in the 

telecommunications market of Bangladesh through a liberalized market 

policy, which significantly influenced the operators to cut service prices.  

  Mobile user cost has been considered as a diffusion variable in the 

cross country studies of Koski and Kretschmer (2002) and Madden et al. 

(2004), which found that lower user cost promotes the diffusion. The 

tariff has been used as a determinant in Gupta and Jain (2012) who found 

that the reduction of tariffs has made mobile phones affordable for the 

low income population of India. Massini (2004) found that mobile 
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diffusion is positively affected by tariffs and the price of handsets in the 

UK.  

  In addition of the user cost of mobile telephony, the user cost of its 

competing services will have an impact on the growth of the mobile 

telephony. In Bangladesh, the cost of ownership of fixed line telephones 

was much higher than that of mobile telephones Thus, the impact of the 

cost of ownership of fixed line telephones is considered as an influential 

variable.  

  Therefore, we can assume that the recent growth of mobile 

communications in Bangladesh is potentially affected by the variables 

mentioned in Eq. (4.7), i.e., the number of fixed line telephony 

subscriber (FIX_TLP), number of fixed internet user (FIX_INT), GDP 

per capita (GDP), cost of ownership of fixed line telephone (FCOST), 

call charge per minute for mobile telephony (TARF) and 

deregulation/competition (LIB), which are incorporated as input 

variables in the final model. 

 

 

 

 

Diffusion speed (q) = f(FIX_TLP, FIX_INT, GDP, FCOST, TARF, LIB)    (4.7) 
 

  Actual annual data such as fixed line telephony subscribers, fixed 

internet subscribers, cost of ownership of fixed telephony and call tariff 

for the mobile phone were gathered from the World 

Telecommunications/ICT Indicators, 2015 of the ITU for the period of 
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1994 to 2015. A cumulative number of fixed internet subscribers was 

used for measuring the effect of fixed broadband services on mobile 

diffusion, where the number of internet users through cellular mobile 

phone was excluded. In the ITU data, there some variation in the tariff 

rate for the period of 1994-2005. We gathered the average call tariff and 

cost of ownership of mobile telephony from BTRC. The data for GDP 

per capita (current LCU) was collected from the World Bank. 

Deregulation or competition (CMP) is considered as a dummy variable, 

which is ‘0’ for the monopoly market during the period of 1993-1996 

and ‘1’ afterwards. A total of 22 observations were considered as 

reasonably sufficient, since the diffusion model can perform well even 

with a limited number of statistics (Hwang et al., 2009).  [[The descriptive 

statistics of the variables are listed in Table 4.3.  

Table 4.3  

Descriptive statistics of independent variables (1994-2015).        

Variable Count Mean Std. Dev. Min Max 

Fixed telephone (thousand) 22 790.51 356.46 262.27 1344.46 

Fixed internet (thousand) 22 855.51 1411.61 0.3 4821.69 

GDP 22 38045.89 24550.54 11682.2 94151.8 

Cost of ownership of the 

fixed telephony (LCU) 

22 8077.72 6275.99 1150 18400 

Tariff (LCU) 22 5.43 4.12 1.02 12 

Liberalization (LIB) 22 0.86 0.35 0 1 

 

We have employed the log-transformed model for controlling the 

effect of highly skewed data in the variables. The log-transformed model 

is created by taking the logs of the continuous variables and leaving the 
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dummy variable alone. Multiple linear regression is performed with the 

log-transformed model presented in Eq. (4.8) for determining the impact 

of the independent variables on the speed of mobile diffusion.  

𝑙𝑜𝑔𝑞𝑡 =  𝛽0 + 𝛽1log (𝐹𝐼𝑋_𝑇𝐿𝑃𝑡) + 𝛽2log (𝐹𝐼𝑋_𝐼𝑁𝑇𝑡) + 𝛽3log (𝐺𝐷𝑃𝑡) + 𝛽4log (𝐹𝐶𝑂𝑆𝑇𝑡) +

𝛽5log (𝑇𝐴𝑅𝐹𝑡 ) + 𝛽6𝐿𝐼𝐵𝑡                                                               (4.8) 
 

The linear regression results are shown in Table 6, and show that the 

independent variables are significant except for the number of fixed line 

telephony subscribers and GDP per capita. However, the OLS regression 

results may be unstable due to the presence of multicollinearity (see the 

VIF values in Table 4.4, most of them are much greater than the 

commonly recommended threshold of 10).  

  In order to overcome the multicollinearity problem, this study 

employed the ridge regression method which can deliver improved 

parameter estimates for collinear covariates (Prasad, 2015; Lopez, 1997). 

Although the ridge regression estimation results reveals biased estimates 

and while this method has generated controversy in the literature, its 

encouraging performance has been shown in many studies in the 

presence of multicollinearity problem (Vinod, 1978; Prescott and Tapon, 

1982). In ridge regression, the standardized coefficients are estimated 

against a shrinkage or tuning parameter k, while k = 0 implies OLS. 

There is a degradation of fit if k increases. In order to select an optimal 

value of k, this study used a 10 fold cross-validation (Gibbson, 1981). 
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Cross-validation experiments suggested the optimal (with respect to 

minimum mean squared test error) k value being 0.0165, which allowed 

to overcome the multicollinearity issues (see the VIF values in Table 4.5). 

 The results for the ridge regression are presented in Table 715. The 

parameter estimates of GDP per capita are insignificant. This finding is 

similar to the study result of Gruber and Verboven (2001a), where the 

diffusion of mobile telephony was examined for 15 EU countries. 

However, GDP per capita was found highly significant for mobile 

diffusion in the study of Madden et al. (2004). Fixed line telephony 

(FIX_TLP) is also insignificant. The fixed telephony subscriber was 

higher than the mobile telephony subscriber until 2001. At the end of 

2010, there were 1280.78 thousand fixed line telephony connections in 

Bangladesh. However, this has been reduced to 830.80 thousand in 2015 

due to the extensive development of mobile telephony market.  

  The most important parameters are market regulations and service 

prices which are highly significant and positively affect the speed of 

diffusion. The market regulation (LIB) is highly significant, the 

liberalized market policy allowed the entry of multiple operators to the 

telecom market which resulted in intense competition. Due to the effect 

of deregulation, the market has been seen as fully liberalized with a stiff 

                                                      
15 The ridge regression was performed on statistical software package NCSS  
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competitive nature in which the operators are involved in fierce 

competition for surviving and securing the market share that contributed 

to cut the cost of ownership of mobile telephony and tariffs. This is the 

primary driver for starting the diffusion process. The coefficient of tariff 

(TARF) is negative and highly significant. The negative sign indicates 

that the decrease in mobile user cost has made the mobile phone services 

affordable to the low income group, which is the key factor for 

accelerating the speed of diffusion. On the other hand, cost of ownership 

of fixed line telephone (FCOST) is also significant and the positive sign 

indicates that the higher cost of ownership of fixed line telephony service 

has inspired the users to use the mobile telephony.  

  Another important finding is that the coefficient of fixed internet 

service (FIX_INT) is highly significant, the negative sign of the 

parameter estimate indicates a substitute relationship between the fixed 

broadband internet service and mobile diffusion speed. We assume that 

the negative relationship between fixed internet and mobile telephony 

has been observed in Bangladesh due to capacity constraints of the 

mobile networks. Fixed broadband and GSM-EDGE networks were the 

key means for accessing the internet before the introduction of 3G 

technology. However, the data speed of EDGE is limited due to the 

scarcity of radio spectrum, interference and poor indoor coverage of the 
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so called 2.5G networks. In the absence of a strong mobile broadband 

network, fixed broadband users increased due to the ability to provide 

faster speeds at lower cost. It is attractive to corporate customers for the 

converged services such as data, fax and IP-based voice over IP 

telephony. Therefore, the penetration rate of mobile data service through 

GSM-EDGE technology was not encouraging before launching 3G 

technology.  

  The presence of a large number of 2G mobile subscriber and fixed 

internet user base leads to early diffusion of mobile broadband 

technology (Zaber and Sirbu, 2012). The fixed broadband network is 

widely used as a connectivity for the Wi-Fi hotspots that connect the 

mobile devices wirelessly via the unlicensed spectrum and pass the 

traffic via the physical wired network. The Wi-Fi technology is also 

known as the second important driver technology after mobile broadband 

for accelerating the diffusion of smartphones. Moreover, the innovation 

of smartphones is considered as a catalyst for the diffusion of mobile 

telephony. Therefore, the mobile telephony is likely to be promoted by 

the network effect of the fixed broadband internet when the smartphone 

will be cheaper and affordable to the low income population of 

Bangladesh. 
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Table 4.4  

Estimated coefficients in multiple linear regression 

Parameter Regression 

coefficient 

Standard 

error 

Standardized 

coefficient 

t-statistics P-value VIF 

𝛽0(Constant) -7.133 5.831  -1.223 0.240  

𝛽1(logFIX_TLP) 0.347 0.462 0.292 0.749 0.465 7.035 

𝛽2(logFIX_INT) -0.547 0.159 -2.662 -3.433 0.004*** 27.79 

𝛽3(logGDP)  0.867 1.029 0.865 0.842 0.413 48.69 

𝛽4(logFCOST) 0.801 0.420 1.396 1.908 .076* 23.78 

𝛽5(logTARF) -1.682 0.652 -2.56 -2.58 0.021** 45.52 

𝛽6(LIB) 0.651 0.222 0.838 2.926 0.01*** 3.796 
R Square 0.675, ***p<0.01, **p<0.05, *p<0.1 
 

Table 4.5  

Estimated coefficients in ridge regression for k = 0.01654  

Parameter Standardized 

coefficient 

Standard 

error 

t-statistics P-value VIF 

𝛽1(logFIX_TLP) 0.328 0.431 0.761 0.446 4.06 

𝛽2(logFIX_INT) -1.595 0.109 -14.52 0.000*** 8.86 

𝛽3(logGDP)  0.226 0.572 0.394 0.693 10.44 

𝛽4(logFCOST) 0.466 0.279 1.669 0.095* 7.38 

𝛽5(logTARF) -1.371 0.391 -3.505 0.000*** 11.33 

𝛽6(LIB) 0.736 0.239 3.072 0.002*** 2.809 
R Square 0.5137, ***p<0.01, **p<0.05, *p<0.1, P-value is computed using normal approximation 
 

 

4.4 Forecasting the future demand of mobile telephony  
 

    The Gompertz model showed the potential market as being 1.149 

times higher than the size of the population or 114.9 subscriptions per 

100 inhabitants. The estimated saturation level of the penetration rate is 

more than 100%, which reveals that many people will use more than one 

active connection because of the different types of tariffs and offered 

bundles and that they switch from one provider to another frequently (i.e., 

“churn” effect). In addition, a large portion of the mobile phone 

subscribers are young. It is quite usual that each subscriber has more than 

one connection due to the different pricing schemes. The future growth 

of mobile subscriptions is predicted with the coefficient of speed b, 
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which is computed from the log-transformed model when considering 

the significant determinant for the speed of mobile diffusion (Sultanov 

et al., 2016). The resultant forecasted growth pattern of mobile telephony 

is presented in Fig. 4.3, which shows that the saturation level of 114.9 

mobile subscriptions per 100 inhabitants will be reached approximately 

by the year 2030.  

 

Fig.4.3. Forecast of mobile penetration rate with affected factors 

 

4.5 Conclusion 
    

 This study examined the key factors among the existing 

telecommunications services, economic variables and market regulations 

that have influenced the shape of the diffusion of mobile telephony in 

Bangladesh. Three widely-used diffusion models were employed and it 

was found that the Gompertz model outperformed the Bass and logistic 

models and thus, was selected as the best-suited model for the case of 

Bangladesh. The Gompertz model estimates the saturation level of the 

penetration rate as 114.9 subscriptions per 100 inhabitants, and this 

outcome agrees with study results for the case of India (Singh, 2008). 
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The estimated saturation level of the penetration rate is more than 100%, 

which reveals that many people will use more than one active connection 

because of the different types of tariffs and offered bundles and that they 

switch from one provider to another frequently (i.e., “churn” effect). In 

addition, a large portion of the mobile phone subscribers are young. It is 

quite usual that each subscriber has more than one connection due to the 

different pricing schemes.   

According to the study results, significant determinants are the market 

regulations for opening the mobile telecommunications market for the 

multiple operators, call tariff, higher cost of ownership of fixed line 

telephony. Competition is created by a liberalized market policy, which 

implies that the government has made timely decisions for opening the 

market and establishing an independent regulator for the telecom sector. 

On the other hand, the effects of per capita income (GDP) and fixed line 

telephony are insignificant, and the fixed broadband internet service is 

showing a negative relation, which demonstrates the competitive 

relationship between mobile telephony and fixed broadband internet. 

The negative relation of fixed broadband internet services with mobile 

diffusion speed is an indication for the strong potential of mobile 

broadband diffusion in Bangladesh, since mobile broadband service is 

the convergence of IP based data and voice communications      
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(Hwang et al., 2009). In addition, the empirical findings suggest that the 

positive diffusion of future emerging technologies of mobile telephony 

will be highly influenced in Bangladesh by the market competition and 

service prices. Reduction of the tariffs mostly depend on the usages of 

spectrum, a key resource for the wireless communications networks, 

higher amount of spectrum allocation leads to reduce the market 

concentration that promote the competition (Mariscal, 2009). The retail 

price of the mobile communications service is a function of the quantity 

of spectrum allocation. Bigger amounts of spectrum allocations and 

permitting more liberal use of already allocated spectrum leads to 

reduced service prices (Hazlett & Muñoz, 2006). In order to continue a 

healthy competition, the regulator should assign more spectrum and 

impose suitable regulation for protecting the market structure from 

monopoly, since the dominant operator GP is holding more than 44% 

market share in terms of mobile subscriptions and 51% market share in 

terms of revenue. 

Voice service based feature phone subscriptions are still dominating in 

the developing countries. However, feature phone subscriptions are 

gradually decreasing and will be fully replaced by smartphones and other 

devices by 2025 (ITU-R, 2015). The estimated saturation level of the 

mobile penetration rate in Bangladesh is 114.9%, which is likely to be 
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achieved by 2030. The estimated market potential indicates that there is 

still untapped potential in the market. For example, mobile broadband 

data services are becoming more popular. The speed of mobile diffusion 

will be greatly influenced when the price of smartphones will be cheaper 

and more affordable for the low income population. According to the 

World Population Prospects published by the United Nations, the 

projected population of Bangladesh in 2030 is nearly 186.46 million 

(United Nations, 2015), which implies that approximately 214 million 

subscriptions will use smartphone devices. It is quite likely that the huge 

expansion of smart devices and the latest innovation of mobile 

broadband applications result in a gigantic volume of mobile data traffic. 

As a result, the operators will face strategic, economic and logistic 

challenges for managing the enormous growth of mobile broadband 

traffic.  

  This study will help service providers to develop further investment 

plans in order to build emerging technology enabled mobile network for 

meeting this future demand. In addition, telecom equipment suppliers 

and manufacturers in Bangladesh can use these results as important 

implications for reviewing their business plans. Moreover, the regulators 

and policy makers can gain meaningful insight from this study in order 

to develop a telecommunications policy for a sustainable and 
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competitive telecom market, which is a precondition for continuing the 

growth of the mobile telephony in Bangladesh. As stated in prior studies, 

the diffusion speed of mobile telephony is also affected by other factors 

such as population, technological development, market concentration, 

interconnection price, urbanization, education, and digitalization. This is 

the first study to analyse the mobile telephony diffusion in Bangladesh 

using various diffusion models. However, it could not examine the 

effects of all factors on the speed of mobile diffusion, a task left for future 

studies.  
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Chapter 5: Impact of incremental spectrum assignment on     

          spectrum price 
 

5.1 Introduction  

Over the past thirty years, the radio technology for the wireless 

communications network has evolved from the First Generation to the 

Fourth Generation. Due to the improvement in technology, traffic 

demand has grown and the service providers need capacity enhancement 

of the networks. The capacity of the network can be expanded via three 

network expansion techniques: increasing the assigned spectrum for the 

network, installing more base stations and using spectral efficient 

advanced technologies. However, introduction of spectral-efficient 

advanced technology and increasing the assigned spectrum are 

consistent alternatives for enhancing the capacity of the mobile network 

(Carke, 2014).  

Through constant innovation, spectral efficient technologies such as 

3G (WCDMA with HSPA+) and 4G/LTE advanced have been 

established as the global mobile broadband solution. The wireless 

communications technology roadmap of the International 

Telecommunication Union (ITU) has extended beyond IMT advanced 

with LTE advaced technology which is capable of delivering a peak 

theoretical throughput of up to 1 Gbps. However, the capacity 

enhancement through spectral efficient technologies directly correlates 

with spectrum, the fuel of mobile broadband and itself a key ingredient 
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in expanding the capacity of the mobile broadband networks. The 

channel size of WCDMA technology is 5 MHz and LTE technology can 

accommodate multiple channel sizes of 1.4 MHz, 3 MHz, 5 MHz, 10 

MHz, 15 MHz and 20 MHz (Rysavy Research, 2012). In contrast, 

4G/LTE advanced technology can extend its channel size up to 100 MHz. 

However, assignment of the 100 MHz contiguous spectrum in a single 

spectrum band for a single operator is very crucial. To overcome this 

problem, carrier aggregation technique is introduced for the LTE 

advanced technology, where multiple channels can be aggregated to 

create one wider channel, even though the assigned spectrum blocks are 

from different spectrum bands (Wang et al., 2010). However, spectrum 

is a priced resource and the service providers in Bangladesh cannot use 

a suitable amount of spectrum due to its high price. More spectrum 

assignment require a large cash outflow for the payment of the spectrum 

acquisition fee. Additionally, there are huge costs for deploying the 

infrastructure to put the spectrum into use. If the spectrum is fragmented, 

the need for additional radios and antennas and using non-contiguous 

radio channels to build out the LTE advanced network will significantly 

increase the capital expenditure (CAPEX), which might increase or 

decrease the opportunity cost of 3G and 4G spectrums in comparison to 

the 2G spectrum. Therefore, this study assumes that the cost-based 
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resource price can reduce the capital expenditure (CAPEX) and 

operational expenditure (OPEX), which leads to attaining economies of 

scale and lowering of service prices (Altman and Kashef, 2014). In order 

to understand how the price of spectrum is affected by the augmented 

spectrum assignment as well as the cost of infrastructure, this section 

estimates the opportunity cost of spectrum based on the cost of radio 

network deployment in different amount of spectrum with 3G and 

4G/LTE advanced technologies.  

5.2 Estimating the opportunity cost of incremental spectrum 
  

   In Chapter 3, the opportunity cost of spectrum is estimated based 

on the voice based 2G networks. However, the market is coping with 

new opportunities of mobile broadband data and multimedia services. 

The telecommunication market of Bangladesh has entered the 3G era that 

commenced commercially at the end of 2013. The regulator also issued 

a 4G license in February 2018 and mobile broadband service based on 

4G technology has been initially launched in the capital city Dhaka and 

some other urban areas. This section estimates the opportunity cost of 

incremental spectrum by taking into account the combined spectrum 

assignment for the 2G and 3G networks and the spectrum requirement in 

2021 for the 4G/LTE advanced networks. 
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5.2.1 Opportunity cost of combined 2G and 3G spectrums.          

     In Bangladesh, 3G networks are still in the deployment stage, and 

mobile broadband data growth rate is not promising, up to 2016, only 20% 

subscribers subscribed for data packages along with voice services. 

Chapter 3 could not accommodate combined 2G and 3G networks in the 

engineering valuation approach since each technology has different 

frequency planning and channel arrangements. Moreover, 3G networks 

are not matured enough for estimating the opportunity cost of spectrum 

separately by employing the production function model.  

To overcome this problem, this study estimates the value of 

incremental spectrum from the combined 2G and 3G networks using a 

Cobb Douglas production function. Three major operators GP, Robi and 

BL are assigned 10 MHz, 5 MHz and 5 MHz spectrums respectively for 

their 3G networks. After adding the spectrums of the 2G and 3G 

networks, the resultant spectrums for GP, Robi and BL are 32 MHz, 19.8 

MHz and 20 MHz, respectively. The operators are installing additional 

radio equipment for the 3G networks at the existing 2G BTS sites. 

Therefore, the number of BTS sites remains unchanged while only the 

amount of spectrum and amortized capex per BTS site increase. After 

combining the spectrum of 2G and 3G networks, the data set is again 

analyzed using a Cobb Douglas model and the results of the generalized 
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estimation equation are listed in Table 5.1. The estimation results show 

that the coefficients are statistically significant with a high R-square 

value, which indicates the overall significance of the model. The 

estimated coefficient of input variable spectrum (ln(spectrum)) reflects 

an important finding. α is 0.849 for the 2G networks and 0.722 for the 

combined 2G and 3G networks. The higher value of α for the 2G 

networks indicates a high density of subscribers as well as efficient 

spectrum management (Prasad, 2015). In contrast, after adding the 2G 

and 3G spectrums, the number of average subscribers per MHz spectrum 

decreases and the value of α also decreases from 0.828 to 0.722. 

According to Eq. (3.3), the value of spectrum will be higher for a higher 

value of the ratio of α and β. The value of α/β is 0.81 for the 2G networks, 

whereas the value of α/β is 0.751 for the combined 2G and 3G networks. 

The value of spectrum for the combined 2G and 3G networks is listed in 

Table 5.2, the average value of the opportunity cost is 21.56 million US$, 

whereas the value of the opportunity cost of the 2G spectrum in the same 

model is 24.42 million US$, which indicates that the value of spectrum 

is decreased with a decrease of average subscribers per MHz of spectrum.  

Table 5.1 
 

Results of GEE of Cobb Douglas model: 

Parameter Coefficients Standard error t-stat Wald-Chi square P-value 

Intercept -7.405 0.2862 25.87 669.276 0.000 

ln(Spectrum) 0.722 0.1047 6.89 47.464 0.000 

ln (BTS) 0.961 0.0645 14.89 222.445 0.000 
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Table 5.2 
 

Opportunity cost per MHz for the combined 2G and 3G networks (million US$) 

Operator Opportunity cost/year Rate of return NPV Average value 

GP 2.80 0.10 21.31  

21.56 ROBI 3.03 0.10 23.02 

BL 2.67 0.10 20.33 

 

5.2.2 Opportunity cost of 4G spectrum 
 

5.2.2.1 Estimation of BTS sites for the network coverage for 4G/LTE    

      advanced 
 

 

In order to estimate the number of baseline BTS sites required for the 

network coverage for 4G/LTE advanced, the cell radius is estimated for 

700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz and 2500 MHz 

bands in dense urban, urban, suburban and rural areas based on the link 

budget and free space propagation loss model described in Section 

3.2.2.1. Technical inputs for the link budget and propagation path loss 

model were collected from the mobile service providers of Bangladesh 

and are listed in Table 5.3. The estimated cell radius for the different 

spectrum band in different service area is listed in Tables 5.4 and 5.5, and 

shown in Figs. 5.1 and 5.2. According to the estimated cell radius, the 

number of baseline BTS sites in different spectrum bands is computed 

and presented in Fig. 5.3.  
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Table 5.3 
Technical inputs for link budget and propagation models for LTE 

advanced 
Parameter  Downlink unit Uplink unit 

Scenario Data rate (kbps) 2048 512 

Channel model ETU3 ETU3 
System bandwidth (MHz) 20 20 

MCS at cell edge MCS6 MCS6 

Antenna configuration 2x2 SFBC 1x2 

Resource block Total RB number 50 50 

# of RB allocated for the connection 20 6 

 

Transmitter 
characteristics 

Transmitter power (dBm) 43  23  

Antenna gain (dBi) 16.5  -6  
Cable loss (dB) 0  0  

Body loss (dB) 0  0  

EIRP per connection (dBm) 55.52 17 

 

Receiver 
characteristics 

Antenna gain (dBi) -6  16.5  

Sensitivity (dBm) -99.84  -112.57  

Cable loss (dB) 0  0  
Body loss (dB) 0  0  

Noise figure (dB) 7 2.2 

Minimum signal level (dBm) -92.04  -127.27  
Interference margin (dB) 1.8 1.8 

SINR (dB) 1.6 -1.1 

 

Shadow  
fading  

margin 

Diversity gain (dB) 2 2 

Cell edge coverage probability (𝑃𝑐𝑜𝑣)  0.9 

(1-𝑃𝑐𝑜𝑣)   0.1 

 Dense 

urban 

Urban Suburban Rural 

Shadow fading margin (dB) 6.10 6.10 6.10 6.10 

Penetration 

loss 

Indoor penetration loss for outdoor 

coverage (dB)   

0 0 0 0 

Indoor penetration loss for indoor 

coverage (dB) 

18 15 12 8 

Maximum  
allowed path  

loss 

Indoor coverage Downlink   143.46 135.46 

Uplink    132.17 
Outdoor coverage Downlink  

Uplink         140.17 

Okumura-Hata 
propagation 

model 

Carrier frequency  700, 800, 900,1800, 2100 and 2500 MHz 
Mobile station antenna height (meter) 1.5  

 BTS antenna height 

(meter) 

Adjustment in propagation loss (dB) 

Dense urban 22  +10 

Urban 25  +5 

Suburban 30  -4 
Rural 32 +9 

Source: Mobile network operators of Bangladesh 

Table 5.4 
Estimated cell radius for the outdoor coverage in km. 

Service 

area 

Spectrum bands in MHz 

700  800  900  1800  2100  2500  

Dense 

urban 

2.61 2.42 2.27 1.09 0.94 0.8 

Urban 3.59 3.32 3.11 1.83 1.58 1.34 

Sub-urban 7.07 6.54 6.12 4.37 3.37 3.19 

Rural 9.66 9.05 8.57 5.36 4.62 3.91 
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Table 5.5 

Estimated cell radius for the indoor coverage in km. 

Service area Spectrum bands in MHz 

700 MHz 800 MHz 900 MHz 1800 MHz 2100 MHz 2500 MHz 

Dense urban 0.83 0.77 0.68 0.35 0.30 0.25 

Urban 1.36 1.26 1.18 0.70 0.60 0.51 

Sub-urban 3.23 3.29 2.79 1.99 1.72 1.45 
Rural 5.71 5.35 5.07 3.17 2.73 2.31 

 

 

Fig.5.1. Cell radius for the outdoor coverage (km.) 
 

 

Fig.5.2. Cell radius for the indoor coverage (km.) 
 

 

 
Fig. 5.3. BTS sites for the network coverage in Bangladesh 

0
2
4
6
8

10
12

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

Dense urban Urban Sub-urban Rural

C
el

l r
ad

iu
s 

in
 K

m

Spectrum band and service area

0
1
2
3
4
5
6

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

7
0

0
 M

H
z 

(D
at

a)

8
0

0
 M

H
z 

(D
at

a)

9
0

0
 M

H
z 

(D
at

a)

1
8

0
0

 M
H

z 
(D

at
a)

2
1

0
0

 M
H

z 
(D

at
a)

2
5

0
0

 M
H

z 
(D

at
a)

Dense urban Urban Sub-urban Rural

C
el

l r
ad

iu
s 

in
 K

m

1973 2260 2563

6756

9123

12798

0

5000

10000

15000

700 MHz
(Data)

800 MHz
(Data)

900 MHz
(Data)

1800 MHz
(Data)

2100 MHz
(Data)

2500 MHz
(Data)

N
o

 o
f 

B
TS

 s
it

e



120 

 

5.2.2.2 Estimation of opportunity cost  
 

This section estimates the opportunity cost of spectrum through the 

engineering valuation approach, where the opportunity cost is derived by 

comparing the spectrum and macro BTS sites for base networks and 

dense networks. In order to estimate the price of spectrum it is assumed 

that all traffic will be delivered through macro BTS sites. However, 

micro and small cells are to be installed as per the nature of the service 

environment. Mölleryd & Markendahl (2014) computed the opportunity 

cost of spectrum in India, where the spectrum and macro BTS sites for 

the dense network are estimated by assuming a certain percentage of data 

users in each licensed service area (LSA). In order to estimate the 

opportunity cost of incremental spectrum based on 4G technology in 

Bangladesh, the analysis is performed through a bottom-up-approach by 

taking into account the network conditions, spectrum assignment, traffic 

per user, forecasted subscriptions and the cost of the network. It was 

already mentioned that the value of spectrum is derived from the matured 

network. However, mobile broadband data service have only 

commenced in Bangladesh in 2013 and thus only five years of data are 

available. This lack of data does not allow to forecast mobile broadband 

data growth using multi-generation diffusion models. In Chapter 4, I 

have estimated the single technology diffusion models based on the 

yearly mobile subscriptions from 1993 to 2015. The forecasted results 
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from the Gompertz model reveal that the potential market size of 

Bangladesh is 1.149 times higher than its population, and that this market 

size will be achieved by 2029. In order to forecast the potential mobile 

broadband subscriptions, I consider the study of Ericsson (2016) and 

GSMA (2017). These studies reveal that mobile broadband users through 

smartphones will amount to approximately 51% in Bangladesh in 2021. 

Bangladesh is a developing country with a low per capita income of 

US$ 1400 and an adult literacy rate of 61.5%. Among the total population, 

65.72% live in rural areas and approximately 12.9% live at extreme 

poverty levels (World Bank, 2015). Based on these socio-economic 

conditions, a 51% mobile broadband subscription rate can be considered 

as promising growth for the case of mobile broadband internet 

penetration. Therefore, this study assumes 51% mobile broadband 

subscriptions for assigning spectrum and BTS sites for the dense network.  

The selection of the network deployment is based on the modelled 

BTS sites estimated in Chapter 3 that can be treated as base network, and 

20 MHz spectrum is proposed for each operator, which is equivalent to 

the maximum channel size for 4G technology. If the additional spectrum 

is not assigned, the network needs to be treated as a dense network. 

According to Chapter 3, the modelled BTS sites for GP, Robi and BL are 

7435, 5510 and 5874 with respect to their proposed spectrums of 32.20 
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MHz, 22.60 MHz and 23.20 MHz respectively. After proposing these 

spectrums, there will be no additional spectrum in the GSM bands since 

Teletalk is assigned 15.2 MHz and Airtel is assigned 15 MHz. The 

proposed spectrums for GP, Robi and BL will be used optimally for their 

observed subscriptions in 2016. However, there will be no additional 

spectrum for supporting the additional subscriptions after 2016. 

Therefore, additional BTS sites need to be added with the modelled BTS 

sites for meeting the capacity demand of growing 2G subscriptions. 

According to the RF planning approach described in Section 3.3.2.2, the 

estimated modelled BTS sites are 10092, 7605 and 8156 for GP, Robi 

and BL, respectively, based on the forecasted subscriptions in 2021. 

These BTS sites are proposed as modelled BTS sites for the base network 

of 4G technology, which are higher than the baseline BTS sites 

demonstrated in Fig. 5.3 for the case of the 700 MHz, 800 MHz, 900 

MHz and 1800 MHz spectrum bands. Therefore, the estimated modelled 

BTS sites for the base network are sufficient to ensure network coverage 

in the geographical area of Bangladesh. LTE technology can 

accommodate multiple channel sizes of 1.4 MHz, 3 MHz, 5 MHz, 10 

MHz, 15 MHz and 20 MHz (Rysavy Research, 2012). This study 

proposes 20 MHz of spectrum per operator to be used in three-sectored  

BTS sites where the capacity per site is estimated as follows: 

Capacity per site = Channel bandwidth (MHz) x number of sectors/site x spectral efficiency       
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The number of sectors per site is 3 and the spectral efficiency in 2021 is 

1.85 bps/Hz (Clarke, 2014). According to the above relation, each BTS 

site can translate a network speed of 111 Mbps16. The traffic carrying 

capacity of a BTS is a highly scarce resource and this resource is to be 

allocated based on customer demand, since customer demand is highly 

variable and it is not economical to overprovision the system based on 

peak demands (Azamat and Altman, 2016). In order to estimate the 

number of user per BTS site, I consider a demand of 102.7 Kbps per user 

at full mobility in the busy hour which is computed from the data 

provided at ITU software tool package for estimating the spectrum 

demand for IMT advanced (ITU-R. Rep. 2290). This implies that each 

BTS site can provide service for up to 1081 users. This assumption is 

consistent with the mobile broadband networks of the USA where the 

average mobile broadband users per site is 1100 (Rysavy Research, 

2012). The estimated number of modelled BTS sites for the base network 

is 10092, 7605 and 8156 for GP, Robi and BL, respectively, allowing to 

deliver mobile broadband services for up to 10.90 million, 8.21 million 

and 8.81 million users. In contrast, the forecasted mobile broadband 

subscriptions for GP, Robi and BL are 40.12 million, 20.06 million and 

23.27 million, respectively, in 2021. These subscriptions are considered 

                                                      
16 20x3x1.85=111 Mbps 
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for the dense network, where 37121, 18560 and 21537 BTS sites are 

needed for GP, Robi and BL, respectively with respect to the 20 MHz 

spectrum. Alternatively, the improved capacity can be attained by 

assigning additional spectrum. This allows to compute how much 

spectrum is be needed to provide an equivalent amount of capacity. The 

difference in capacity between the dense and base network is 54 MHz, 

29 MHz and 33 MHz for GP, Robi and BL, respectively. Finally, the 

opportunity cost per MHz spectrum is estimated using Eqs. (3.26) and 

(3.27). The detail analysis is presented in Table 5.6 and the results are 

shown in Figs. 5.4, 5.5 and 5.6. The estimated opportunity cost for GP, 

Robi and BL are 22.78 million, 16.83 million and 19.15 million US$, 

respectively, and the average value is 19.59 million US$, which is less 

than the opportunity cost per MHz of spectrum derived from 2G 

networks and the combined 2G and 3G networks. Fig. 5.7 shows the 

relation between price per MHz spectrum and the incremental spectrum, 

which shows that the price decreases with an increase of spectrum 

assignment. The average price per MHz of spectrum is 25.72 million 

US$, 20.81 million US$ and 19.59 million US$ for 2G, combined 2G 

and 3G, and 4G spectrums respectively. The difference between 2G and 

combined 2G and 3G spectrums is 20 MHz but the price decreases from 

25.72 million US$ to 20.81 million US$. In contrast the difference 
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between the 4G spectrum and the combined 2G and 3G spectrum is 175 

MHz, however, price decreases from 20.81 million US$ to 19.59 million 

US$. This is due to the price of 4G base stations, since the opportunity 

cost depend on the cost of the base stations and 4G base stations are much 

more expensive than 3G base stations.               

Table 5.6  

Calculation of the opportunity cost of the 4G spectrum 

 GP Robi BL 

Subscriber base in 2016 (million) 57.95 28.50 33.00 

Spectrum usages (MHz) 32.20 22.60 23.20 

Number of modelled BTS sites for the 2G networks in 

2016 

7435 5510 5874 

Forecasted subscriber base in 2021 (million) 78.67 39.33 45.64 

Number of modelled BTS sites for the 2G networks in 

202117 

10092 7605 8156 

Number of modelled BTS sites for 4G (Base networks) 10092 7605 8156 

Assigned spectrum (MHz) 20 20 20 

Spectral efficiency (Bits/Hz) 1.85 1.85 1.85 

Capacity in (Mbps) 1120227 844178 905344 

Average minimum data speed per user (Kbps) 102.7 102.7 102.7 

Capacity number of users (million) 10.90 8.21 8.81 

User/BTS 1081 1081 1081 

Number of mobile broadband users in 2021 (million) 40.12 20.06 23.27 

Number of BTS sites to be needed in 2021with respect 

to 20 MHz spectrum (Dense network) 

37121 18560 21537 

Capacity (Mbps) of the BTS sites in 2021 4120405 2060203 2390612 

Deviation capacity (Mbps) 3000178 1216025 1485268 

Deviation capacity per modelled BTS sites (Mbps) 297 160 192 

Additional spectrum (MHz) 54 29 33 

Additional BTS sites  27029 10955 13381 

Amortized capex per BTS sites per year 9610 9556 9567 

Incremental capex per year per BTS sites for using 

additional spectrum 

7253 3534 3603 

Yearly spectrum charge per MHz 0.488 0.488 0.488 

Opportunity cost per year (million US$) 2.995 2.213 2.518 

Net present value over 15 years at 10% interest rate 22.78 16.83 19.15 

Average opportunity cost (million US$) 19.59 

 

                                                      
17 After proposing 32.20 MHz, 22.60 MHz and 23.20 MHz spectrum to GP, Robi and BL, 

respectively, there will be no additional spectrum left in the GSM bands since Teletalk is assigned 

15.2 MHz and Airtel is assigned 15 MHz. The proposed spectrums for GP, Robi and BL will be 

used optimally for their observed subscriptions in 2016 with respect to the modelled BTS sites 

estimated in Chapter 3. However, there will be no additional spectrum for supporting the 

additional subscriptions after 2016. Therefore, additional BTS sites are to be added with the 

modelled BTS sites for meeting the capacity demand of growing 2G subscriptions. The estimated 
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Fig. 5.4. Comparison of BTS sites for the base case and dense case  

networks with respect to 20 MHz spectrum 

 

 
Fig. 5.5. Comparison of spectrum for the base case and dense case networks  

       with respect to the modelled BTS sites 

 

 
Fig. 5.6 Price/MHz spectrum for the 4G/LTE advanced 

 

                                                      

modelled BTS sites are 10092, 7605 and 8156 for the GP, Robi and BL 

respectively in 2021. These BTS sites are proposed as modelled BTS sites for 

the 4G networks.    
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Fig. 5.7. The relation between per MHz price and incremental spectrum 

As demonstrated in Fig. 5.7, the additional spectrum requirement is 

155 MHz by 2021, with respect to the modelled BTS sites of 10092, 7605 

and 8156 for GP, Robi and BL, respectively. However, the spectrum 

requirement may be decreased if the service providers install more BTS 

sites. It will depend on the regulatory decisions, whether the regulator 

will permit the service providers to enhance the capacity of the network 

by installing additional BTS sites rather than using the unused spectrum. 

Table 5.7 shows the status of the spectrum usage and spectrum 

availability in the 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz 

and 2.5 GHz bands. These are the potential spectrum bands for 4G/LTE 

advanced. Still, 181.4 MHz of spectrum are available in these bands in 

Bangladesh, which is sufficient to enhance the capacity of the network 

without installing additional macro BTS sites. However, micro cells and 

small cells should be installed based on the traffic volume and the nature 

of the service environment. The usage of the unused spectrum rather than 

installing additional BTS sites will save national currency. Moreover, the 
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reduced number of BTS sites will reduce electromagnetic emission, land 

blockage and energy consumption.  

Table 5.7 
Current status of spectrum usages and spectrum availability in Bangladesh 

Spectrum band  

in MHz 

Amount of available 

spectrum in MHz 

Spectrum assigned  

to the operators in MHz 

Amount of unused 

spectrum in MHz 

703-748/758-803  45 0 45 

825-835/870-880  10 0 0 

880-890/925-935  10 1.6 6.4 

890-915/935-960 25 25 0 

1710-1785/1805-1880  75 52 23 

1920-1980/2110-2170  60 35 25 

2510-2570/2630-2690 60   

Total 285 MHz Used =113.60 Unused=171.4 MHz 
 

5.3 Relationship between revenue and spectrum usages 
 

In the previous section, the effect of the incremental spectrum on 

spectrum price has been examined and it was found that the estimated 

spectrum price decreases with an increase in spectrum assignment. 

However, this section presents an empirical study to examine the 

relationship between the revenue of the mobile telephony market and the 

amount of spectrum use. Revenues will depend on the demand for the 

services offered and their tariff, which in turn are driven by economic 

variables such as income (GDP), competition between service providers 

(HHI), and the competition from other substitute services such as fixed 

telephony. The expected returns from the allocated spectrums relate 

positively to the price of fixed line phone call service when the fixed 

phone is a substitute of the mobile phone (Hazlett, 2008). In Bangladesh, 

the number of fixed phone users is decreasing due to the limited access 
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to fixed line telephone networks and long waiting time for new 

connections. Revenues are also dependent on the average revenue per 

user (ARPU) and subscriber numbers and traffic (Marks, 2009). 

5.3.1 Impact of market competition on tariff reduction 

Fig. 5.8 shows the evolution of the mobile telecom market in 

Bangladesh. Market concentration is measured using the Herfindahl-

Hirschman index (HHI), which is calculated from the sum of the squares 

of the market shares of all participating firms in the market. The measure 

HHI is one when the market is operated by a single firm and less than 

one in the presence of multiple firms (Tirole, 1988 & Motta, 2004). The 

mobile market of Bangladesh was monopolized by a single firm until 

1996. This corresponds to the HHI value of 1, which started to decrease 

after embracing a liberalized market policy and the entrance of three new 

firms in 1997.  

Among the four operators, Grameenphone Ltd quickly acquired 

more than 50% market share by providing rapid network coverage in the 

rural areas and established itself as a dominant operator (Yusuf et al., 

2010). Therefore, the HHI measures for the mobile market of 

Bangladesh was higher than 0.41 until 2004. The market concentration 

(HHI) is reverted from 2001 and remained stable at a level of 0.29 from 

2009, which is a sign of a moderately concentrated market (Mariscal, 

2009). Average revenue per user (ARPU) per month is another important 
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factor for understanding market competition. During the monopoly 

regime, monthly ARPU was observed as 68 USD, which was extremely 

high for a least developed country like Bangladesh. The market was seen 

as oligopolistic from 1997-2004 in which the operators formed a cartel 

in the absence of reasonable competition and applied an unaffordable 

pricing structure. Therefore, the resultant monthly ARPU was more than 

16 USD until 2004, which was relatively higher than in other South 

Asian Countries18 (ITU, 2015). A price war was started in 2005 and 

monthly ARPU decreased to 2.01 USD in 2013 (GSMA, 2014). The 

downward trend of average revenue per user is consistent with the 

market trend that could be witnessed in other countries (Hausman, 2002; 

Mariscal, 2007 and Gamboa & Otero, 2009).  

Fig.5.8 also shows the marginal penetration rates up to 2004, when 

market growth was hindered by the lack of network coverage in rural 

areas, anticompetitive behavior of the operators, expensive terminal 

devices, and low disposable income. After 2005, the market was seen as 

fully liberalized with a stiff competitive nature in which the operators 

were involved in unfettered competition for surviving and securing 

market share (Yusuf, Alam & Ken, 2010). As a result, BTRC issued a 

price cap regulation (PCR) in 2007 in order to prevent unbounded 

                                                      
18  The call tariff, connection fee and monthly subscription charges are gathered from the 2015 World 

Telecommunication/ICT Indicators of the ITU. ARPU is calculated from the total revenue of the mobile network and 

mobile subscriptions. 
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market competition and to limit pricing discretion of the operators. The 

network providers were directed to charge a call tariff of between 0.029 

and 0.004 USD per minute.19 PCR is adopted by many countries for 

limiting the adverse strategic behavior of market players, reducing the 

cost of the industry and developing competition (David & Denis, 2010; 

Kerf & Geradin, 2000:60). Moreover, BTRC periodically reviewed the 

regulation by considering market adjustment factors. Such proactive and 

dynamic regulatory mechanisms addressed the market failure issues to a 

great extent and influenced the telecom market to be more affordable 

and competitive. As a result, the telecom sector of Bangladesh was 

recognized as one of the world’s fastest growing markets and exceeded 

all expectations with over 133 million subscriptions in 2015 (ITU, 2015) 

 

Fig.5.8: ARPU, market concentration and penetration 
 

 

 

                                                      
19 Source: Bangladesh Telecommunication Regulatory Commission (www.btrc.gov.bd) 
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5.3.2 Spectrum assignment 

The impact of assigning augmented spectrum is examined in the study 

of Hazlett & Muñoz (2006). This study assumes that tariffs of the mobile 

communications service is a function of the quantity of spectrum 

allocation and found that the assignment of more spectrum with liberal 

terms and conditions or technology neutrality is directly improves the 

network speed and reduces the cost, which has resulted in the reduction 

of tariffs. Higher amount of spectrum allocation leads to a reduction of 

the market concentration that promote the competition and reduction of 

tariffs (Mariscal, 2009). In contrast, service prices increase with an 

increase in market concentration (Hazlett & Muñoz, 2009). Gross 

Domestic Product (GDP) is another factor that is directly affected by the 

spectrum use. Hazlett (2006) points out that there is a positive correlation 

between per-capita income and the amount of spectrum usage. Mobile 

broadband speed is directly correlated with spectrum. Doubling 

broadband speeds in a country can add 0.3 percent to GDP growth in the 

economy of the 30 OECD countries (Arthur & Bohlin, 2011). Ofcom 

(2001) highlighted that the spectrum can represent more than 2% of the 

national GDP. With a view of liberalization, market promotion, and 

effective and efficient operation of the telecommunication sector, the 

government formulated the National Telecommunications Policy of 

1998 and the Bangladesh Telecommunications Act of 2001 (BTA 2001). 
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According to the BTA, the Bangladesh Telecommunication Regulatory 

Commission (BTRC) was established in 2002 as an autonomous 

supervisory body for the telecom sector. Primarily, the BTRC addresses 

the lack of regulatory issues and inefficiencies of the market and has 

started to introduce a number of measures to enhance competition by 

deregulation. As a first step, BTRC realized that the spectrum 

management policy can play a substantial role in accelerating the 

diffusion of mobile subscriptions, since there is a strong negative 

correlation between call tariffs and spectrum allocation. A higher amount 

of spectrum allocation leads to reduced market concentration, which 

promotes competition and forces to reduce tariffs (Mariscal, 2009). 

Operators were assigned 5 MHz as a contracted spectrum from the GSM 

900 MHz band, which was quite insufficient for rolling out their 

networks and acquiring market share. In 2003, BTRC assigned an 

additional 20 MHz of spectrum among the three GSM operators from the 

GSM 900 and 1800 MHz bands for countrywide network expansion. 

BTRC also revoked 10 MHz of spectrum from the CDMA operator since 

they had 20 MHz spectrum for their small subscription base. According 

to the resolution of the government, BTRC assigned 15.2 MHz of GSM 

spectrum to the state owned telecom operator Teletalk Bangladesh Ltd 

that has emerged as the fifth cellular mobile licensee.  In 2005, BTRC 
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allowed the entry of another new cellular mobile operator, Warid 

Telecom International Ltd (now Airtel Bangladesh Ltd) by assigning 15 

MHz spectrum from the GSM bands. During 2008, three GSM operators, 

Grameenphone, Robi and BL were assigned a total of 12 MHz of 

spectrum from the GSM 1800 MHz band. Finally, at the end of 2013, 

BTRC has assigned 35 MHz of spectrum from the 1920-1980/2110-2170 

MHz band for 3G services among five mobile phone operators through 

an auction process. In contrast, BTRC revoked 3.4 MHz from Airtel. The 

CDMA technology-based oldest telecom operator (PBTL) has not been 

in operation for the past two years due to its failure of capturing market 

share and falling into arrears with the payment of regulatory fees. 

Moreover, the users did not accept CDMA technology due to the barrier 

of switching facilities. The yearly spectrum usage in Bangladesh is 

plotted in Fig. 5.9.   

  

Fig 5.9 Yearly spectrum usage in Bangladesh 

0

20

40

60

80

100

120

140

Sp
ec

tr
u

m
 u

se
 in

 M
H

z

Year



135 

 

5.3.3 Empirical model 

In order to analyze the relationship between revenue and spectrum 

assignment, this study assumes that the revenue (REV) is a function of 

market competition, GDP per capita, mobile subscribers (SUBS), tariff 

(TARF), fixed phone revenue (FIXREV) and spectrum (SPEC). 

However, the impact of competition is measured by the market 

concentration (HHI) and liberalized market (LIB). The empirical model 

is framed by incorporating the variables mentioned in Eq. (5.1). 

 [][[ 

REV (R) = f(LIB, HHI, GDP, SUBS, TARF, FIXREV, SPEC)                    (5.1) 

 

Actual annual data such as mobile subscribers and call tariffs were 

gathered from the World Telecommunications/ICT Indicators of the ITU 

and BTRC for the period of 1993 to 2017. In the ITU data, there is some 

variation in the tariff rate for the period of 1994-2005. I gathered the 

average call tariff, yearly revenue of the mobile telephony market and 

spectrum assignment from BTRC. The data for GDP per capita (current 

LCU) was collected from the World Bank. The revenue for the fixed 

phone operators was gathered from the website of the Bangladesh 

Telecommunications Company LTD (www.btcl.com.bd). Deregulation 

or competition (CMP) is a dummy variable, which is ‘0’ for the 

monopoly market during the period of 1993-1996 and ‘1’ afterwards. The 

value of HHI is computed from the market share of each operator. A total 
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of 25 observations (1993-2017) were considered as reasonably sufficient, 

since OLS and NLS can perform well even with a limited number of data 

points (Hwang et al., 2009). [[The descriptive statistics of the variables are 

presented in Table 5.8. 

Table 5.8 

Descriptive statistics of the independent variables  

Variable Obs. Mean Std. Dev. Min Max 

Subscriber in thousand 

(SUBS) 

25 42709 53077.94 0.5 142000 

GDP per capita 25 42702.46 31079.25 11051.38 115000 

Tariff (TARF) 25 5.345 4.273 1.02 12 

Herfindahl-Hirschman 

index (HHI) 

25 4361.24 2543.487 2692 10000 

Fixed telephony revenue in 

million (FIXREV) 

25 12054.36 3461.476 5045 16894 

Spectrum assignment 

(SPEC) 

25 67.6 37.59 20 127.20 

Liberalized market (LIB) 25 0.84 0.374 0 1 
 

I have employed a log-transformed model for controlling the effect 

of highly skewed data in the variables. The log-transformed model is 

created by taking the logs of the continuous. Multiple linear regression 

is performed with the log-transformed model presented in Eq. (5.2).  

log (REV) = 𝛽0 + 𝛽1(𝐿𝐼𝐵) + 𝛽2 log(𝐻𝐻𝐼) + 𝛽3 log(𝐺𝐷𝑃) + 𝛽4 log(𝑆𝑈𝐵𝑆𝐶𝑅) + 𝛽5 log(𝑇𝐴𝑅𝐹) +

𝛽6log(𝐹𝐼𝑋𝑅𝐸𝑉)+𝛽7 log(𝑆𝑃𝐸𝐶)                                                         (5.2) 

 

The linear regression is performed while considering HHI and liberalized 

market as proxies for competition. The regression results are summarized 

in Table 5.9, which shows that the independent variables are significant, 

except for the fixed line telephony revenue. GDP per capita is significant, 

which positively affects the growth of mobile subscriptions and revenue. 
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The number of subscribers is significant which indicates that the revenue 

will increase with the increase of subscribers. However, the parameter 

estimate of HHI is significant and the negative sign indicates that the 

decrease of market concentration means an increase of competition, 

which has resulted in the growth of mobile subscriptions and revenue. 

This result is consistent with the findings of the study of Mariscal (2009). 

The liberalized market policy is also significant which means that the 

liberalized market policy allowed the entry of multiple operators to the 

telecom market which resulted in intense competition. Due to the impact 

of liberalization, the market has been seen as fully liberalized with a stiff 

competitive nature in which the operators are involved in fierce 

competition for surviving and securing the market share that contributed 

to cut the cost of ownership of mobile telephony and tariffs. The 

parameter estimate of tariff is significant and shows a positive relation 

with revenue. However, the parameter estimate of spectrum is significant 

and negatively related to revenue. The CAPEX and OPEX of the network 

decrease with an increase of spectrum utilization, which leads to service 

providers to offer competitive service prices. This result is consistent 

with the findings of the study of Hazlett & Muñoz (2006).  

The empirical analysis shows that the telecom market of Bangladesh 

is competitive and that the average revenue per user per month (ARPU) 
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is still on a downward trajectory. The downward trend of ARPU is 

consistent with a penetration pricing strategy, since the principle behind 

penetration pricing strategy is to use low prices to gain market share 

(Rohitratana and Altman, 2012). Due to the increase of the mobile 

penetration rate, the yearly revenue of the mobile telephony market is 

increasing. However, the rate of increase of revenue is not proportional 

to the rate of increase of spectrum utilization. As a result, the average 

revenue per MHz of spectrum is decreasing. In the cash flow model, the 

value of spectrum depends on the average profit per MHz of spectrum 

(Prasad and Kathuria, 2014). Hence, the increase of spectrum assignment 

will lead to a decrease of the value of spectrum, which is consistent with 

Fig. 5.7, the relationship between the amount of spectrum assignment 

and the estimated opportunity cost.  

Table 5.9 

Results of OLS estimation.  

Dep. Variables HHI as proxy for market 

competition 

Liberalized market as proxy 

for competition 

 Coef. t-stat P-value Coef. t-stat P-value 

𝛽0(Const) 4.447 2.378 0.029** 3.012 1.943 0.068* 

𝛽1(LIB)    0.302 2.688 0.015** 

𝛽2(logHHI) -0.471 -2.73 0.014**    

𝛽3(logGDP) 0.587 2.663 0.016** 0.563 2.526 0.021** 

𝛽4(logSUBS) 0.930 14.642 0.000*** 0.892 14.087 0.000*** 

𝛽5(logTARF) 0.795 4.197 0.001*** 0.582 2.385 0.028** 

𝛽6(logFIXREV) -0.073 -0.361 0.723 -0.069 -0.340 0.737 

𝛽7(logSPEC) -0.994 -2.132 0.047** -1.095 -2.220 0.039** 
R Square 0.675, ***p<0.01, **p<0.05, *p<0.1 
 

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity     

chi2(1) = 0.36, Prob > chi2 = 0.5499, No hetereskedasticity 
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5.4 Conclusion 
 

 

Innovation of mobile networks continues to surge forward, driven by 

a combination of faster networks and more efficient end user devices, 

such as smartphones and tablets. Due to the improvement of 

communication technologies, 4G/LTE advanced has been proposed as 

an alternative to 3G technology, which will certainly be capable of higher 

user data rates, reduced latency, reduction of cost, improved system 

capacity and coverage (3GPP, 2008). However, higher spectrum 

bandwidth is a prerequisite for the deployment of 4G/LTE advanced 

networks.  Nowadays, the lack of radio spectrum and the price of 

spectrum have become bottlenecks for the development of 4G wireless 

networks. This section examined the requirement of spectrum for 4G and 

the impact of incremental spectrum utilization on spectrum price. 

Spectrum requirements depend on user density and the data traffic per 

user. According to the forecasted subscriptions in Bangladesh, additional 

155 MHz of spectrum are needed for 4G until 2021 with respect to the 

modelled BTS sites. Moreover, spectrum price depends on the GDP per 

capita, population, average revenue per user per month (ARPU), rate of 

interest and license period. Bangladesh is a lower middle income country 

with a low per capita income of US$1754, where ARPU is only US$ 2. 

Since the average revenue per user per month is very low and the 
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empirical analysis shows a negative relationship between revenue and 

spectrum utilization, the price/MHz spectrum for the 4G networks might 

gradually decrease with an increase of spectrum assignment. However, 

the positive impact of GDP per capita and the growth of mobile 

subscriptions might increase the revenue of the service providers, while 

this impact could be clearly understood in the cash flow model. 
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Chapter 6: Summary and policy recommendations 

  
 

6.1 Summary of the findings 

 
 

This paper has derived the opportunity cost of spectrum in 

Bangladesh using the engineering valuation approach and the production 

function models. The opportunity cost of spectrum is estimated from the 

cost savings achieved over base stations by awarding additional 

spectrum. In order to estimate the opportunity cost of spectrum from the 

current market, this study introduces a novel method, where the number 

of BTS sites for the substitution of unused spectrum is computed by 

following the RF (radio frequency) planning approach. In addition, a link 

budget and propagation loss (Okumura –Hata) model is proposed for 

comparing the price of different spectrum bands in different technologies 

based on their coverage capability. This is the first attempt to analyze the 

value of incremental spectrum based on 4G/LTE advanced technology. 

Moreover, there is no prior study on the Bangladesh mobile telephony 

market for the valuation of spectrum and understanding the diffusion 

pattern of mobile telephony.  

The results of the translog production function are insignificant. 

However, the estimated opportunity cost of spectrum in the Cobb 

Douglas production function is showing similar results as the 

engineering valuation approach. This outcome indicates contrasting 
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insight from the study of Plums (2011), where the Cobb Douglas 

production function has been treated as unsuitable for estimating the 

value of spectrum. The analyzing results of opportunity cost of spectrum 

indicate a valuation gap. The estimated average opportunity cost of 2G 

spectrum in the production function model and the engineering valuation 

approach is 24.73 and 25.72 million US$ respectively, whereas the 

weighted average price of the 900 and 1800 MHz spectrums were 20.26 

million US$ during the renewal of the 2G license in 2011. In contrast, 

the estimated opportunity cost of 1800 MHz band spectrum is 23.23 

million US$, which fell behind the reserve price proposed (25 million 

US$/MHz) in the guideline for the spectrum auction in 2015. Similarly, 

the operators were overpriced during the 3G spectrum auction in 2013 

and 4G spectrum auction in 2018. The estimated average opportunity 

cost of the 900 MHz, 1800 MHz and 2100 MHz spectrums are 29.25 

million US$, 23.23 million US$ and 19.04 million US$. However, the 

price per MHz of 2100 MHz spectrum was 21 million US$ during the 

3G spectrum auction in 2013. A 4G spectrum auction has been held in 

February 2018 and the auction winning price was 31 million US$ for the 

1800 MHz band and 28 million US$ for the 2100 MHz band. This prices 

are much higher than the estimated opportunity cost. 
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This study estimated the opportunity cost of incremental spectrum 

based on 4G/LTE advanced technology and found the price of spectrum 

to be decreasing gradually if the assigned spectrum increases or the 

average subscribers per MHz spectrum decrease. 4G/LTE advanced 

technologies require a higher bandwidth which is a minimum of 20 MHz 

and a maximum 100 MHz. In order to ensure higher data rates and 

network speed, this study proposes additional 155 MHz spectrum for the 

forecasted subscriptions in 2021 that would be assigned from the 700 

MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz and 2500 MHz bands. 

In this case, the average subscribers per MHz spectrum and revenue will 

decrease. Moreover, 4G/LTE advanced base stations and transmission 

systems are much more expensive than 2G and 3G radio equipment. In 

order to enhance the network capacity by using additional spectrum 

rather than installing additional base stations, this study estimated the 

average opportunity cost of spectrum for the 4G/LTE advanced network 

as 19.59 million US$. Therefore, the opportunity cost of spectrum might 

be decreased gradually to the level of 19.59 million US$ when the 

assigned spectrum is steadily increased and reaches the level of 226.8 

MHz. 

The relation between spectrum utilization and spectrum price is also 

examined by an empirical analysis where the revenue of the mobile 
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telephony market is considered as a function of the competition, 

subscriber base, per capita income, revenue of the rival 

telecommunications services and spectrum utilization. This study 

revealed that the increase of spectrum utilization will reduce the cost of 

the networks and cut service prices. Moreover, the Bangladeshi telecom 

market is highly competitive which has resulted in the reduction of tariff 

and ARPU to the lowest level throughout the world. The empirical result 

shows the negative relation between spectrum utilization and revenue. 

Therefore, the utilization of the augmented amount of spectrum for the 

4G/LTE advanced technologies will reduce the average revenue per MHz 

of spectrum. These findings also validate the result of the opportunity 

cost of spectrum for the 4G/LTE technologies which has been revealed 

to be lower than for 2G and 3G networks. This study could not estimate 

the opportunity cost of each spectrum band since the 4G network is in its 

beginning stage and the 700 MHz, 800 MHz and 2500 MHz bands have 

not yet been introduced to the networks. 

Besides estimating the opportunity cost of spectrum, this dissertation 

also examined the diffusion pattern of the mobile telephony market. The 

Gompertz model estimates the saturation level of the penetration rate as 

114.9 subscriptions per 100 inhabitants, and this outcome agrees with 

study results for the case of India (Singh, 2008). According to the 
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empirical study, the market regulations for opening the mobile 

telecommunications market to multiple operators, higher cost of 

ownership of fixed line telephony and call tariffs for the mobile 

telephony are the significant determinants for the diffusion of mobile 

telephony in Bangladesh. 

6.2 Results validation 

In this section, the estimated opportunity cost of spectrum in 

Bangladesh is compared with the spectrum price revealed in recent times 

across different countries (Fig 6.2). Spectrum value is driven up by 

service area, per capita income, rate of interest, license period and 

populations (Madden & Sunega, 2017). The average revenue per user per 

month (ARPU) is US$ 2 in Bangladesh and US$ 2.9 in India, compared 

to US$ 17.55–23.5 in Europe (Source: Blomberg). The per capita income 

in European countries and Korea is considerably higher than on the 

Indian subcontinent. However, Bangladesh, India and Pakistan are 

neighboring countries and possess almost similar per capita income 

(Fig.6.1). The outcome of spectrum auctions regarding the 800 MHz 

band shows that operators in Germany and France paid US$ 1.8 and 

US$1.58 per MHz/pop respectively, while Swedish operators paid 

US$ 0.7 per MHz/pop. However, the price of 1800 MHz and 2100 MHz 

spectrums in Bangladesh is higher than in Germany but lower than in 

Korea. In comparison with Pakistan, the estimated opportunity cost of 
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1800 MHz spectrum in Bangladesh is higher, but it is a bit lower for the 

2100 MHz band. The estimated price in Bangladesh seems lower than in 

India. In the Indian market, there are on average 6-10 service providers 

per license service area (LSA) but spectrum is a very limited resource. 

As a result, fierce competition has been observed during the spectrum 

auctions since spectrum has been strategically important for operators to 

be present in these markets (Mölleryd & Markendahl, 2014). The per 

capita income of India is almost 1.21 times higher than Bangladesh. 

Moreover, the mobile license period in India is 20 years while the license 

period in Bangladesh is 15 years. Therefore, these examples validate the 

analyzing results gathered from the models proposed for this research. 

Fig.6.1. GDP per capita  
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Fig.6.2. Price per MHZ/pop. Source: Analysys Mason, 2011; Mölleryd & Markendahl, 2014;    

       Prasad, 2015 and authors’ estimates in Bangladesh 
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technological change and infrastructure sharing. Based on the findings 

of these studies, this dissertation makes the following policy 

recommendations for mitigating the complications of ongoing spectrum 

management issues in Bangladesh.     

 

i. With developments in technology and changes in regulation, 

policy makers in many countries are moving from a 

predominantly command and control approach to a flexible 

approach for managing the radio spectrum. A market-oriented 

spectrum management policy facilitates competition, innovation 

and growth in services. Regulatory regimes can facilitate this 

through technology and service flexibility to operators while 

assigning radio spectrum. 

ii. In order to frame an efficient spectrum management policy, the 

regulator may adopt an affordable spectrum pricing strategy 

based on opportunity cost which is more simple and robust. This 

strategy will help remove the so-called scarcity of spectrum in 

the market that has been artificially created in the presence of a 

huge amount of unused spectrum. 

iii. Spectrum price depends on GDP per capita, number of 

subscribers, rate of interest, license period and amount of 

spectrum assignment. The opportunity cost of spectrum might 
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be gradually decrease with an increase of spectrum assignment 

for 4G technology. However, the positive impact of GDP per 

capita and the growth of mobile subscriptions may lead to a 

increase of revenue that will be reflected in the cash flow model. 

iv. Besides the opportunity cost model, the value of spectrum is 

estimated through the cash flow model. The estimated value of 

spectrum can be achieved higher in the cash flow model for the 

operators who are earning a higher profit. Indeed, the price of 

spectrum should not be less than the opportunity cost even if the 

operators are not at the profit or break-even point. Therefore, the 

administratively-determined price or the reserve price for the 

forthcoming spectrum auction needs to be estimated from both 

the opportunity cost model and cash flow model where the final 

price has to be selected from the best-suited model for achieving 

the maximum value. 

v. The telecom market of Bangladesh is dominated by a single 

operator. The market share of GP is 45.5% in terms of 

subscriptions and more than 51% in terms of revenue. After 

allowing a 15% rate of return, the estimated value of spectrum 

in the cash flow model is US$ 44.42 million for GP, which is 

almost 2 and 1.5 times higher than the prices revealed in auctions 
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2013 and 2018, respectively. However, other operators are 

paying equal value despite not making profits. In order to 

promote fair competition and to stop monopolization, the 

significant market power (SMP) policy can be employed. 

vi. Quality of Service (QoS) largely depends on an adequate amount 

of spectrum utilization. Due to the scarcity of spectrum and 

reducing the reuse factor, the cell to cell distance of macro cell 

is going to the below its minimum allowable level of 500 meter 

(ERO, 98), which has resulted in the increase of co-channel 

interference. Moreover, the operators are employing half-rate 

technique for more than 90% of voice channels, which is a major 

cause of inferior voice quality. In order to ensure a better QoS 

by utilizing more spectrum, the regulator should formulate the 

spectrum and radio equipment usages regulation as per the 

Bangladesh Telecommunications Act (2001).  

 

vii. Carrier aggregation technique of LTE technology can 

accommodate multiple spectrum bands within one cell, where 

the unused spectrum in different bands can be used. Therefore, 

the regulator might impose restriction on installing additional 

macro base station sites for capacity enhancement until the 

unassigned spectrum is used. 
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viii. In order to enhance the capacity of the network, the 

regulator can impose the condition that a certain percentage of 

traffic should be delivered through micro cells and small cells. 

ix. Capacity can be enhanced by installing additional BTS sites if 

the regulator is unable to assign additional spectrum. 

x. The diffusion of future emerging technologies of mobile 

telephony in Bangladesh will be highly influenced by market 

competition and service prices. The regulator should maintain a 

healthy competition in the market by assigning a suitable amount 

of spectrum to the service providers at affordable spectrum 

prices.  

6.4 Conclusion and Limitations 

This dissertation analyzes several methods, the engineering valuation 

approach, the production function and the cash flow model for estimating 

the value of spectrum in Bangladesh. In terms of theoretical soundness, 

ability to consider maximum number of variables and ease of 

computation process, each valuation method has some advantages and 

disadvantages. The estimated results show that the production function 

model and engineering valuation approach have demonstrated similar 

results. However, the cash flow model showed the different results for 

the different service providers, since the value of spectrum depends on 
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their revenue and cost. The price of spectrum for the renewal of 2G 

license was lower than the estimated opportunity cost. However, the 

2100 MHz auction in 2013, and 1800 MHz and 2100 MHz auction in 

2018 did not attract bidders due to the difference between the bidders’ 

willingness to pay and the reserve price set by the regulator. As a result, 

the mobile telephony network in Bangladesh has been driven by 

insufficient spectrum resources in the presence of plenty of unassigned 

spectrum. During the evolution from 3G to 4G/LTE-advanced, the most 

significant factor is the demand for wider spectrum bandwidth. However, 

the ad-hoc spectrum policy for the design of spectrum auction prioritizes 

prospective income for the state, which has resulted in limited spectrum 

use for the networks, making it challenging to reach an extensive take 

off of mobile broadband services.  

    The valuation of spectrum is a complex issue that depends on a 

number of factors such as technological issues, regulatory policies, 

financial aspects, market development and corporate strategy. In order to 

estimate the opportunity cost of spectrum, the methods applied in this 

study integrated the user demand during the busy hour, assigned 

spectrum, user growth, network deployment, network capacity and cost. 

All these conditions differ between individual countries. The proposed 

engineering valuation approach is designed based on the RF planning 
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parameters of the mobile telephony networks in Bangladesh and some 

other national contexts. Therefore, the proposed spectrum valuation 

process can be treated as an approach rather than a recognized model.   
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1G   First Generation 

2G         Second Generation 

3G   Third Generation 

4G           Fourth Generation 

3GPP   Third Generation Partnership Project 

AMR   Adaptive Multi-Rate Codec  

AIC          Akaike Information Criterion 

ARPU   Average Revenue Per User 

BCCH   Broadcasting Control Channel 

CAGR         Compound Annual Growth Rate  

CAPEX  Capital Expenditures 

CDMA  Code Division Multiple Access 

CIR    Carrier/Interference 

CPP   Calling Party Pays 

EDGE   Enhanced Data Rates for GSM Evolution 

FCC   Federal Communication Commission 

FR   Full-Rate  

GEE    Generalized Estimation Equation 

GMSK  Gaussian Minimum Shift Keying 

GPRS   General Packet Radio System 

GSM   Global System for Mobile Communications 

HHI   Herfindahl-Hirschman Index 
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HR   Half-Rate  

HSDPA  High Speed Downlink Packet Access 

HSPA   High Speed Packet Access 

HSUPA  High Speed Uplink Packet Access 

IMT   International Mobile Telecommunication 

ISM   Industrial, Scientific, and Medical (radio bands) 

ITU   International Telecommunication Union 

ITX   International Trunk Exchange  

LoS   Line of Sight 

LTE   Long Term Evolution 

NLS   Non Linear Regression 

NPV   Net Present Value 

OECD  Organization for Economic Co-operation and 

Development  

OLS   Ordinary Least Square 

PCR   Price Cap Regulation 

QoS          Quality of Service 

RMSE  Root Means Square Error  

RSS  Residual Sum of Squares  

SAIC   Single Antenna Interference Cancellation  

SFM  Shadow Fading Margin  

SIC   Schwarz Information Criterion  

TCH   Traffic Channel 

TRX  Transmit-Receive Unit  

TSL   Time Slot 

UMTS  Universal Mobile Telecommunication Service  

WACC  Weighted Average Cost of Capital 

WiMAX      Worldwide Inter-Operability for Microwave Access 
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