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Abstract: Telecom Spectrum is a scarce natural resource whose misallocation is likely to have an 
adverse impact on an economy. It is therefore vital for an economy to ensure efficient and optimal 
allocation of telecom spectrum. The availability of spectrum varies considerably between different 
countries due to national regulatory decisions and policies. The focus of this term paper is on India, 
where telecom operators have access to a very limited amount of spectrum. This paper analyses the value 
of spectrum by estimating the opportunity cost, which is calculated by the savings that can be achieved 
by acquiring appropriate amount of spectrum rather than investing in additional base stations. This 
paper outlines the various stages of spectrum policies in India and highlights the underlying principle of 
maximal and efficient usage of spectrum advocated across various implemented telecom policies in 
India. The paper also argues that the allocative efficiency is a more appropriate policy measure and 
illustrates the absence of allocative efficiency in the Indian Telecom sector. The result in the paper 
shows that the opportunity cost of spectrum in relation to auction prices is lower than prices that 
telecom operators paid for 3G telecom spectrum in the metro circles, while the value derived from the 
opportunity cost was higher than auction prices in the remaining circles. 

 
Keywords: Spectrum, India, Telecom, Auction Design, Public Service Regulation, Efficiency, Allocation, 
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Introduction: Regulatory economics is the economics of regulation, in the sense of the implementation 
of law by government or an autonomous agency or a government established body for various purposes, 
such as centrally-planning an economy, remedying market failure, enriching well-connected firms and 
industries, or benefiting politicians (Capture Theory). It is not considered to include voluntary 
regulation that may be accomplished in the private sphere. One of the key regulated sectors amongst 
many in India is Telecom Sector. Telecom spectrum is an essential resource for the provisioning of 
mobile and telecom services. Spectrum has the qualities of a ‘‘public good’’, wherein unregulated use of 
spectrum can result in congestion and interference. There has been considerable debate in the literature 
and in public sphere over the need for spectrum reforms to promote fair and just use of spectrum. The 
traditional approach is that of exclusive rights for spectrum usage. In this approach, the problem of 
occlusion is countered by exclusive spectrum licensing for enabling fast, flexible and efficient access to 
spectrum. The other approach is that of spectrum being treated as a ‘‘public good’’. The success of this 
approach depends critically on new technologies that enable smart radios to control interference. 
(Xavier & Ypsilanti, 2006) 
 
In most countries including India, spectrum usage rights are assigned exclusively through licenses. To 
allocate spectrum licenses amongst various competing service providers (bidders), regulatory agencies 
often use auctions. From the regulatory and policy perspective, spectrum auctions ensure efficient usage 
by allocating it to those entities that value it most (as they bid highest to get the license), while also 
generating revenues for Government Exchequer. But auctions may also lead to unexpected outcomes as, 
for example, when regulatory agencies have inadequate market information, there may be a mismatch 
between expected and actual bidder behavior, or auctions may be poorly designed. The key challenge 
before regulatory agencies is to design auctions in such a manner to meet the objective of fostering 
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competition in the market while at the same time ensuring that bidders can effectively use the spectrum 
for their business.  
 
India was one of the early adopters of spectrum auctions and despite being one of the early movers, the 
services have been slow to roll out. This paper examines issues of auction designing i.e. Auction format 
adopted in India and various other countries and other existing formats for auctioning licenses along 
with vivid experiences of different regulatory policies to ensure economic efficiency and social welfare 
maximization.  
 
In India the telecom is managed by an autonomous governmental body Telecom Regulatory Authority 
of India (TRAI) setup under Department of Telecommunications (DoT), Government of India. DoT 
conducts auctions of licenses for allocating electro-magnetic spectrum. Recent allocation analyzed in 
the paper includes that of 2001 and subsequent auctions including major ones that are of 2010, 2012 and 
2013. 
 
Auctions, An Economic Perspective: In Indian spectrum auction, to choose the most appropriate 
auction format, it is essential to understand first, whether the bidders’ values are private values or 
commonly known values. If we go with the private value assumption, then the first and second price 
sealed bid auction formats are equivalent in terms of expected revenue for Govt exchequer. But when 
there is common value, under certain conditions, the second price sealed bid auctions generate higher 
expected revenue as compared to their first price counterparts. In case of telecom spectrum auction, 
when an entrant enters in a market for the first time, the operator might not have definite information 
about the market demand for its services. But for a given market whichever incumbent acquires the 
right to serve that market will face the same market demand. Thus, there is some sort of common value 
element involved in such a situation. However, once some operator has started serving a market and 
some other operator makes an entry in that market, the new entrant is likely to have approximate or 
rough estimate of the market demand if it is able to observe the performance of the incumbent. Thus, 
for the new entrant, there is mostly no common value element. Also, bidders’ attitude towards risk is of 
crucial importance in deciding the prospects for revenue generation. If the bidders are risk averse rather 
than risk neutral, then the first price sealed-bid auction fetches higher expected revenue than does the 
second price sealed-bid auction. So, when the telecom spectrum licenses are sold through auction for 
the first time, it is likely that the bidders will be risk averse, since they do not have enough information 
about the prospects of roll out of their services. Thus, using the first price sealed-bid format in such 
cases is likely to ensure the best possible outcome. However, when the service providers are operating in 
the telecom spectrum market for a long time, they are likely to be more well-informed about the market 
and thus they are likely to be less risk averse or even risk-neutral. Therefore, while designing auctions, 
the nature of bidders (i.e. risk-neutral or risk-averse) and their valuations (private or common values) 
always need to be taken into consideration to earn the maximum revenue possible, without 
compromising on the efficiency in allocation. Also, substitutability and complementarities among 
telecom spectrum licenses for different circles should be kept in mind while designing auctions. In 
India, the format followed in the last few auctions have been SMRA. It takes care of the substitutability 
aspect since if some bidder wins a license in a round, that same bidder is unlikely to bid for another 
license which is a close substitute for the license already obtained in any subsequent round. However, 
this format does not address the issue of complementarities among licenses (for which there is positive 
synergy), since there is always the possibility that a bidder might not get the set of licenses that are 
complementary to each other from the bidder’s perspective. To deal with this issue, a combinatorial 
auction might supplant the other alternative formats, since it involves the sale of licenses in one or 
many packages. 
 
Not declaring the auction rules a priori can lead to even more long-term problems other than the one 
stated above. For example, in future auctions, the bidders might be skeptical about some new policy 
restriction being introduced ex-post and that might prevent them from bidding truthfully. As 
mentioned earlier, no explicit prior specification of the auction rules in terms of payments or levels of 
reserve prices during the 1995 telecom spectrum auction in India led to certain unnecessary 
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complications. Ensuring competition in the telecom sector has always remained a priority of the Indian 
Government. 
 
Literature Review: It was once believed (period before 1995) that the spectrum is the property of the 
state, and hence the government could use it in a manner that suited it and that the government had 
the ultimate authority to allocate spectrum. But post 1995 this belief has changed. It was made possible 
due to a historic judgment given by the Hon’ble Supreme Court of India in 1995 in the legal case of 
Secretary, Ministry of Information and Broadcasting, Govt. of India v/s Cricket Association of Bengal 
which decided that spectrum is public property. This judgment has changed the perception of 
ownership of spectrum in India and the way the government handles and manages spectrum in current 
times. India is not the only country to hold the view that the spectrum is public property. Most of the 
developed and underdeveloped countries like USA, Canada, UK, Ghana, Pakistan etc. hold the same 
view that spectrum is public property and the state is entrusted with the task of caretaking of this public 
property. Before the introduction of mobile services in India, spectrum intended for commercial usage 
in the 800, 1800 and 1900 MHz was entirely in the control of the National Defense Forces of India. The 
utilization of spectrum for commercial purposes (such as mobile services) began with the release of a 
limited amount of spectrum in 1995. The management of spectrum in the country can be classified into 
three phases. 
 
First stage (Auctioning Scarce Spectrum): The first phase starts from 1995 to 2003. In this phase 
Government of India (GOI) auctioned 2  4.4 MHz of start-up spectrum for GSM based mobile services 
in 1995. The auction was carried out by selecting two operators for each License Service Area. 
Subsequently the third operator license was awarded along with 2  4.4 MHz of start-up spectrum in the 
900 MHz band to the state-owned operator (MTNL and BSNL) on a pro bono basis in 2001. The fourth 
operator license was issued in 2001 using a three- stage auction procedure and a start-up spectrum of 2  
4.4 MHz in 1800 MHz was given to the winning bidder. In addition to the entry fees, licensees were 
required to pay a percentage of annual revenue as spectrum charges to DoT. 
 
In 2002, the subscriber linked spectrum allotment procedure, referred to as Subscriber Based Norms 
(SBN) was introduced which laid down a roadmap up to allotment of 2X12.5 MHz of Spectrum per 
operator. The first such norms that were released in 2002 are given in Table 1. 
 

Table 1: Spectrum Allocation Criterion 
 

Quantum of 
Spectrum Allotted 

Minimum Subscriber Base 
Required(crores) 

Annual Spectrum Charges (as % 
of Adjusted Gross Revenue) 

2 × 4.4 MHz - 2% 

2 × 6.2 MHz - 3% 

2 × 8 MHz 0.5 3% 

2 × 10 MHz 1.0 4% 

2 × 12.5 MHz 1.2 5% 

 
The Second Stage: De-linking License from Spectrum: The second phase was the period of de-linking 
licensing from spectrum, the period spanned from 2003 to 2006. In the year 2000, Basic Telecom Service 
(BTS) providers approached the government with a proposal that they could provide telecom services at 
much lower cost using Code Division Multiple Access (CDMA) wireless technology. After a couple of 
years of litigations between the BTS operators and the GSM mobile operators, the GOI annunciate 
Unified Access Service (UAS) Licenses in November 2003 that permitted migration of basic service 
license holders to provide full mobility-based services against a fixed fee. The fixed fee-based license (as 
opposed to auction based) theoretically allowed any number of mobile licenses to be provided and 
implicitly paved way for delinking of spectrum allocation from licensing (DoT, 2003). 
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Third Stage: Stricter Criterion for Allocation of Spectrum: Third phase of telecom allocation sector 
development traces from 2006 to 2010. As technological progress took place, it began to be believed that 
if used maximally, spectrum held by incumbents was enough for meeting their near-term requirements. 
Meanwhile additional spectrum was also made available by the defense. Because of which, adhering to 
the principle of maximal usage of spectrum, a new set subscriber-based norm was introduced, 
incumbents were kept out of fresh allocations, 3G was treated as a different service from 2G, and the cap 
on the number of operators was relaxed. As mentioned in the TRAI recommendation of 2006 and 2008 
on 3G spectrum (TRAI, 2006 & 2008), ‘the Defense services have agreed to vacate 2 x 20 MHz in the 1800 
MHz band, in addition to 25 MHz in the 2.1 GHz UMTS band. The availability of additional spectrum in 
the 1800 MHz band provides enough room for growth of 2G services for the medium term. Therefore 
‘the Authority has recommended that the Government should not treat the allocation of 3G spectrum in 
continuation of 2G spectrum’. In 2007, TRAI (2007) after evaluating spectrum availability, optimal usage 
of spectrum, requirements of competition and of the market recommended that no cap should be 
placed on the number on telecom service providers in the country. This permitted new firms to enter in 
to the market by paying a relatively low fixed entry fee (pegged to nominal 2001 price levels without 
factoring in the increase in valuation of mobile operations). The new licensees were put in fray for 
allocation of spectrum as and when available. In one of the consultation papers (TRAI 2007) further 
stated that the spectrum allocation criterion should take in to account methodologies such as 
synthesized frequency hopping, frequency reuse, discontinuous transmission, antenna hopping, and use 
of AMR codecs for efficiently utilizing allotted spectrum. Adhering to consultation GOI tightened the 
subscriber base criterion for additional spectrum allocation to incumbents. 
 
Economic Theory of Efficiency: The stages of the spectrum allocation policy in India as mentioned 
above indicate that spectrum policy in India has considered a very specific notion of economic 
efficiency. The concept used is that of maximal usage of spectrum, i.e. to sunder out the maximal 
number of mobile services per unit of spectrum allocated. There could be many other notions of 
efficiency however. In this section we shall define various kinds of efficiency as a prelude to setting up a 
model to test empirically the prevalence of one or both kind(s) of the defined efficiencies in the Indian 
mobile industry. 
 
The two measures of efficiency proposed by Farrell (1957) and used by many other researchers are: 
1. Technical efficiency (TE): Use of minimal number of inputs (e.g. amount of spectrum and BTSs 

deployed) to achieve a given level of output (e.g. supported subscriber base or traffic) or the 
production of maximum output given a set of inputs. 

2. Allocative efficiency (AE): Use of the right mix of inputs while taking into   consideration the relative 
prices of inputs. 

 
Economic efficiency requires that an industry should exhibit both technical and allocative efficiency. A 
firm or industry (monopolistic completion) could be technically efficient without being allocative 
efficient. This would imply that while the firm is producing the maximum output from the inputs 
employed, but it is not minimizing the input costs given the prices of inputs that it faced with. 
Alternatively, it could have produced the same output with some other input combination that would 
have yielded a lower cost of operations, and hence a higher profit. A firm could also be allocative 
efficient without being technically efficient. This would imply that while the firm is using the optimal 
mix of inputs given the prices it faces; it is not maximizing the production from the employed mix of 
inputs. 
 
It can be traced from the definition one prominent cause of allocative inefficiency is the inability to 
employ an optimal input mix that factors their relative prices. Recalling allocative inefficiency is defined 
with respect to the given production technology. A mix of inputs that may allocative inefficient with 
respect to the observed (inefficient) production methods could be allocative efficient with respect to 
some efficient technology. In similar words, the presence of allocative efficiency may arise from 
technical inefficiency. Finally analyzing from the social point of view allocative inefficiency is a problem 
only if its presence shows up with respect to the shadow prices of the inputs in an economy. Thus, we 
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must check not only for allocative efficiency with respect to the shadow prices of inputs but also for 
actual prices of inputs employed in process of production. 
 
To sum up allocative inefficiency could arise due to following reasons:  
(a) Wrong input combination, 
(b) Technical inefficiency, 
(c) Market prices diverging from shadow prices. 
 
We shall examine these issues which have come-up in the context of spectrum management in India 
using the following model and then proceeding to empirically test for the presence of allocative 
efficiency in the telecom industry. 
 
The Model: Consider the standard cobb Douglas production function used by many researchers: 

 
 
In (1), y and z refer to the factor inputs used in the production of x. The problem of allocative efficiency 
using (1) can be defined as follows: 

Minimize  

subject to:  
Where  and  refer respectively to prices of y and z. The standard first order 

condition for this problem is: 

 

The above condition states that the two inputs should be used to the point where the marginal product 
obtained from the last dollar spent on input y should be the same as the marginal product obtained 
from the last dollar spent on input z. In other words, the productivity price ratios of the two inputs 
should be the same. 
Using (1), equation (4) can be expressed as: 

 

 
If (5) does not hold, then the operators are not minimizing costs and therefore are not allocative 
efficient. In this study we first test whether (5) holds well in Indian mobile services market.  
Note (5) can also be represented as  
 
Where P refers to the price ratios of z to y; R refers to the ratio of the quantity of z to y, S refers to the 
ratio of productivity parameters of y to z. we refer to PRS as the statistic for allocative efficiency. 
 
Data Variables: Subscribers’ Base (x): Subscriber base data of each operator for all the 23 LSAs during 
2001-2013 was used for the estimation of production function (1). 
 
Radio Frequency Spectrum Allotted (y): A start-up spectrum upon licensing and additional spectrum 
using SBN were allotted different operators in each LSA. 
 
Base Transceiver Stations (z): Access to mobile service is provided through Radio Access Network Base 
Transceiver Stations situated in each spectrum cell block. Given spectrum can be efficiently used by 
creating smaller cells and increasing reuse of frequency. Therefore, for a given amount of spectrum, the 
number of BTSs is a factor input which can affect the traffic density in the area or the number of 
subscribers supported.  
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Price of Spectrum (py): it indicates the amount that mobile operators paid as an entry fee to get the 
license for providing telecom services. We compute entry fee per year per operator (as presented in 
Table 2) in each LSA by dividing the total entry fee paid by the license term of 20 years. 
 

Table 2: Entry fee paid by Mobile Operators in India (DoT, 2010) 

 Average License Fee Paid 
per Operator in 1995 (in 
Millions of $) 

Average License Fee paid per 
Operator in 2001 and afterwards 
(in Millions of $) 

Metros 

Delhi 17.38 36.44 

Mumbai 21.14 43.47 

Chennai 4.18  

Kolkata 5.78 16.65 

Category A 

Maharashtra 110.94 40.34 

Gujarat 120.07 23.27 

Andhra Pradesh 66.99 21.99 

Karnataka 90.65 44.15 

Tamil Nadu 33.28 49.73 

Category B 

Kerala 34.70 8.65 

Punjab 99.86 32.39 

Haryana 16.10 4.58 

Uttar Pradesh (West) 27.26 6.52 

Uttar Pradesh (East) 32.52 9.66 

Rajasthan 25.56 6.88 

Madhya Pradesh 3.43 3.72 

West Bengal, 
 
Andaman & Nicobar 

2.88 0.21 

Category C 

Himachal Pradesh 1.00 0.23 

Bihar 21.05 2.10 

Orissa 13.76 1.05 

Assam 0.09 1.05 

North East 0.28 0.42 

Jammu & Kashmir 1.00 0.42 

 
Along with the above license fees, the operators also paid spectrum charges which was a percentage of 
their gross revenue as presented in Table 3. 

 
Table 3: Annual Spectrum Charges Paid by Mobile Operators in India 

 

Quantum of 
Spectrum 

Annual Spectrum 
Charges (as % of Adjusted 

Gross Revenue) 2 × 4.4 MHz 2% 

2 × 6.2 MHz 3% 

2 × 8 MHz 3% 

2 × 10 MHz 4% 

2 × 12.5 MHz 5% 

2 × 15 MHz 6% 



 
Business Sciences International Research Journal Volume 6 Spl Issue                           ISSN 2321 - 3191 

 

 
Journal Published by IMRF Journals                                                                                 |    130 
 

The price of spectrum  is then calculated by dividing the sum of annualized entry fee and annual 

spectrum charges by the amount of spectrum held by the operator at each LSA. 
Price of BTS ( ): Price of BTS includes two slums: (a) the capital expenditure in erecting the tower and 
installing the BTS components kind of fixed cost which we assume as $18,750 amortized over a period of 
the license period of 20 years and (b) the annual rental and electricity charges of about $4,450. Using  

and , the price ratio is calculated for each year and for each operator in each LSA. 
 
Estimation Of Production Function:  
By taking log on both sides, (1) can be expressed as: 

 
We estimate (7) using mobile subscriber base as the dependent variable (x) with the following two 
important factor inputs as the independent variables: 
(i)  Allocated amount of spectrum that provides the required channel capacity for traffic (y) and 
(ii)  Deployed mobile infrastructure such as Base Transceiver Stations (BTS) 
which provide connectivity to mobile handsets (z). The subscriber base and spectrum held by the 
operators are self-explanatory. 

Estimation of (7) gives values for λ, α, β, and . The results are presented in Table 5.  

 
Table 5: Production Function Estimates 

 

Year ln λ α β . 

2001-13 -8.10 1.54 0.747 2.06 

2001 -7.99 1.05 0.921 1.14 

2002 -9.28 2.38 0.705 3.38 

2003 -7.68 1.87 0.583 3.21 

2004 -7.22 1.82 0.506 3.60 

2005 -7.26 1.22 0.710 1.72 

2006 -7.50 1.67 0.630 2.65 

2007 -6.83 1.23 0.660 1.86 

2008 -6.77 1.44 0.653 2.21 

2009 -6.56 1.79 0.593 3.01 

2010 -6.37 1.66 0.677 2.45 

2011 -5.88 1.58 0.703 2.24 

2012 -6.22 1.78 0.744 2.39 

2013 -6.19 1.84 0.721 2.55 

 
Hypothesis Development and Test for Allocative Efficiency: 
Hypothesis H0: The operators are efficient in allocating spectrum and BTS in the provision of mobile 
services (i.e. PRS =1). 
 
Hypothesis H1: the operators are not efficient in allocating spectrum and BTS in the provision of 
mobile services. 
 
From the observation of the allocative efficiency statistic PRS for each operator, in each LSA and for 
each year, we compute the sample average for each year as follows:  
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Where ‘I’ is the set of all operators, J is the set of all LSAs and K is the set of time periods from 2001-13.  
is taken from the table 5. We also have also calculated the sample average over the whole period under 
consideration as follows: 
 

 

 
Where S is the value in table 5 corresponding to the whole of the dataset during 2001-2013. 
By the central limit theorem (CLT), the distribution of the sample mean for each year k and for the 
overall period has a normal distribution whose mean is the same as the mean of the population and 

whose standard deviation is given by . Using the estimates and standard deviation, we then 

calculate the 95% confidence limits for the population mean of PRSk and PRS. Thus we test the 
hypothesis that  for all k belonging to K , and . Results are illustrated in Table 6.  
 

Table 6: Hypothesis Testing for Economic Efficiency 
 

Year 
Test statistic 

PRS 
Standard 
Deviation 

95% 
Estimate 

H1: PRS= 1 

2001-2013 2.66 0.18 2.49 Rejected 

2001 0.40 0.06 0.28 Accepted 

2002 1.98 0.34 1.32 Rejected 

2003 1.97 0.29 1.41 Rejected 

2004 3.48 0.45 2.60 Rejected 

2005 2.19 0.22 1.76 Rejected 

2006 5.06 0.73 3.63 Rejected 

2007 4.07 0.49 3.10 Rejected 

2008 4.19 0.53 3.14 Rejected 

2009 4.37 0.43 3.52 Rejected 

2010 3.98 0.37 3.25 Rejected 

2011 4.49 0.47 3.57 Rejected 

2012 4.73 0.54 3.66 Rejected 

2013 4.31 0.46 3.39 Rejected 

 
 
For the period 2001-2013, with 95% probability we can conclude that the population mean of PRS is 
greater than 2.49. The 95% estimate of PRS in general. 
This clearly indicates the absence of allocative efficiency in the mobile industry. We discuss below the 
implications of this phenomenon. Also tests at 99% confidence limit interval yield same results. 
 
Discussion and Interpretation: As mentioned above, the absence of allocative efficiency could be due 
to a combination of following reasons 
(a) Suboptimal input mix R 
(b) Technical inefficiency, and/or 
(c) Under-pricing of spectrum. 
We consider each of these possibilities in turn.  
 
Suboptimal Input Mix: One of the possible reasons for explaining the statistic of allocative inefficiency 
being greater than 1 could be that R is too high. This could be due to lack of access to spectrum or 
hoarding of BTSs, or a simple an integer programming problem which is related to the fact that there 
was unavailability of spectrum in small tranches. The hoarding of BTSs does not make much sense as a 
reason for allocative inefficiency since BTSs and the cell sites can be constructed within a span of one 
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month and there is no disadvantage in building excess well ahead of time. Coming onto the ‘integer 
programming’ problem, note that additional spectrum for incumbents was available in 1.8 – 2.4 MHz 
blocks until 2007, and more recently in 1.0 MHz block sizes. This problem arises in the case wherein the 
new entrants who must hold a larger start-up spectrum than necessitated because of larger start-up 
spectrum block sizes (such as of 4.4 MHz). However, this case leads to bigger values of y, resulting in 
smaller values of PRS and thus doesn’t pose a problem as to why PRS > 1. 
 
Having ruled out the couple of causes of an in-optimal input mix, we shall now focus on lack of access to 
spectrum. Ceteris Paribus, if operators are permitted to hold a quantity of spectrum y’ > y, then we get R’ 
< R, thus bringing the value of PRS closer to one. Note that the value of PRS2013 is 3.39. Therefore, 
keeping the number of BTSs deployed constant, allocative efficiency requires that the average holding of 
spectrum increased by 239%. The average holding of spectrum in India in 2010 was 2 × 7 MHz Thus, 
allocative efficiency requires that the average holding be increased to 2 X 21.7* MHz Note in 2007 the 
average holding of spectrum was about 2 × 21.5* MHz across 140 GSM operators in 40 countries*. 
Therefore, unavailability of spectrum is a plausible explanation of the observed inefficiency in the Indian 
telecom industry (*Prasad & Sridhar, June 2008). 
 
Technical Inefficiency: In the presence of technical inefficiency, the efficient production function. 

 
 

is different from the observed production function (1). This could be either because (a)  or (b)  

 or (c)  If (a) holds  good or if  then the effect on the value of PRS is nil. 

However if  , then the allocative efficiency can partly be ascribed to technical efficiency. 

 
In 2010 the BTS efficiency (i.e. ) relative to that of spectrum (i.e. y)   has to be increased by almost 210% 
to decrease and make PRS=1. It may be true that operators are not actively using advanced technological 
methodologies such as cell sectoring, deployment of directional and smart antennas, and utilization of 
AMR encoding techniques to increase the subscriber’s base and hence traffic supported per cell site. 
These changes involve investment and change in network configurations. Another source of technical 
inefficiency is in the use of BTSs that could also stem from a suboptimal policy environment that 
prevents optimal use of resources, for example inadequate policies for the use of shared infrastructure. 
Such changes, if implemented, will increase  and hence move the operators closer to technical and 
allocative efficiency. Spectrum can be more efficiently used either by increasing  or by increasing the 
number of towers per unit of spectrum, i.e. R. Both changes if implemented, completely or partially 
would only increase PRS, thereby making spectrum scarcity even more pronounced than it is at present. 
Therefore, the arguments put forth if correct and if implemented would only make spectrum scarcity 
more pronounced than it is at present. 
 
Under Pricing of Spectrum: The low pricing of spectrum was criticized by many authors. The price 
revealed in the first spectrum auction of 1995 was tempered by the Indian government’s bailout option 
of migrating the operators to a revenue sharing scheme in 1999 Allocations of licenses and start-up 
spectrum post 2001, were based on the 2001 auction price. This was much lower than the 
contemporaneous market expectations. The 2001 auction price itself was dampened by the failure of 
1995 auction and subsequent policy flip-flops in spectrum allocation. Low price of spectrum pz relative 
to BTSs, might be one of the reasons for allocative inefficiency. Note that the value of PRS2013 is 3.39. 
Therefore, assuming the price of BTS towers remains unchanged, this would imply that the correct value 
of spectrum in 2013 was approximately 3.39 times the observed price in the 2001 auction i.e., of the order 
of Rs 5,000 crores. 
 
Policy Implications: The data seem to justify that all three factors, namely spectrum shortage, 
underpricing and inefficiency of using BTSs are responsible for allocative inefficiency in the Indian 
mobile industry. Under such situations, the following policy responses are suggested. 
 



 
Business Sciences International Research Journal Volume 6 Spl Issue                                          ISSN 2321 - 3191 

 

 
IMRF Biannual Peer Reviewed (Referred) International Journal | SE Impact Factor 2.75             |    133 
 

Improve Spectrum Availability: The policy makers would not hesitate to accept that incumbent 
operators are operating with sub-optimal quantities of spectrum. Subject to the constraint of ensuring 
enough competition, the policy maker must allow incumbents to access spectrum as and when available 
to them. The decision to exclude incumbents from spectrum allocation in 2010 based on tighter SBN 
when 20Mhz of 2G spectrum was released by defense did not further the objective of economic 
efficiency in the industry. Since there are as many as 6 operators in each circle the concern over 
cartelization or tacit collusion could not have been a plausible justification. Therefore, the SBN must be 
changed to reflect the goal of allocative efficiency rather than maximal usage of tariff. 
 
The limited supply of spectrum should also be addressed. Spectrum unavailability is a result of large 
blocks of spectrum for commercial mobile services being used by the Department of Defense earlier. 
Though reframing of defense spectrum started as early as 2006, but additional spectrum in the 1,800 
MHz band is still not released by Defense. Reframing will increase the amount of spectrum available to 
the operators, thus lead to a decrease in inefficiencies prevailing. 
 
The specific interpretation of technical efficiency used by the DoT has resulted in high reuse of 
spectrum and hence more BTSs. In some circles, the inter-site distance between cell towers is less than 
100 meters, which is currently one of the lowest in the world resulting in iron-clad structures hogging 
our cities. Apart from cluttering the landscape, the antennas mounted on the towers emit radio 
frequencies that are considered harmful to city dwellers and local surrounding environment. The BTSs 
consume electricity to the tune of about 1 KWH for a minimal configuration, requiring the operators in 
cities such as Delhi to spend as much as Rs 10 crore per annum on electricity usage bills. 
 
Efficient Use of BTSs: To improve that productivity of BTSs, the operators should be encouraged to use 
the following to improve the traffic supported at each cell sites (TEC, 2007): 
1. Implementation of in-building solutions such as Femtocell (Femto Forum, 2008) to improve the 

efficiency of BTSs. 
2. Single Antenna Interference Cancellation that can improve downlink bandwidth of GSM networks 

without changes to network configurations. 
3. Utilization of smart antenna arrays that can confine channels in to narrow beam thus improving 

capacity gain. Creation of an environment for more efficient use of BTS towers by stipulating 
subscriber-based norms for BTSs as well as for spectrum, and allowing infrastructure sharing 
agreements. 

 
To effectively use the radio access network infrastructure, the Indian government allowed both passive 
(towers, rental places) as well as active (antenna, feeder cable, Node B, Radio Access Network and 
Transmission systems) infrastructure amongst service providers (DoT, 2008). However, incentives in the 
form of lower regulatory levies will improve adoption, thus improving the efficiency of the radio access 
networks. 
 
TRAI has recommended a 60 per cent reduction in the base price for 900-MHz spectrum in the Delhi, 
Mumbai and Kolkata circles and announced a 37 per cent slash in 1,800-MHz spectrum for the spectrum 
auction by end of 2013. It had also suggested introduction of a uniform spectrum usage charge (SUC) 
rate of three per cent on all operators and auctioning the extended GSM (EGSM) band along with 800-
MHz spectrum (rather than keeping it for CDMA operators). But Department of Telecom has rejected 
the proposal of auctioning the extended GSM band. Besides, the regulator had recommended that 
digital dividend giving 900-MHz spectrum to be put up for all the license bidders, incumbent operators 
as well as new entrants, and this will ensure competition in the sector. 
 
The slash in reserve price has not been welcomed by DoT as might be expected by TRAI. The reason 
forwarded by it for this is that expecting the reserve prices to be slashed further, the potential bidders 
might postpone their participation in the present auction. Also, as pointed out by Klemperer (2004) low 
reserve price may lead to tacit collusion among the bidders thus lowering the potential revenue amounts 
for the government. High reserve price had been blamed by most of the potential bidders as the main 
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reason for abysmally low participation of bidders in the March 2013 auction. As observed by Klemperer 
(2004), high and binding reserve prices often deter participation thus making the auction a “failure”. 
 
Conclusion: Economist Lionel Robbins (1932) famously stated, studies human behavior as a 
relationship between ends and scarce means which have alternative uses. Mavens of mobile policy 
formulation could be forgiven for thinking that spectrum was the only scarce resource in the industry 
and that mobile phone operators were the only users of spectrum not owners. This is a consequence of a 
policy debate narrowly focused on optimizing the allocation of spectrum within the mobile industry, 
without any regard to patterns of use of other inputs and of the usage of spectrum by much larger users 
of spectrum outside the mobile industry. 
 
In this paper we tried to broaden the definition of scarcity and argues that the relative scarcity of other 
inputs into the production of various mobile services must be given regard when formulating spectrum 
policy. To analyze the presence of allocative efficiency along with the related spectrum policy 
implications. Our analysis of the data on mobile services in India indicates the absence of allocative 
efficiency. Along with this, we tried to put light over possible causes including spectrum scarcity, 
underpricing of spectrum and inefficient use of BTSs and recommend certain policy directions. 
Critics of the market mechanism rightly point out that the market typically does not pay heed to 
considerations of equity. However, as it happens, the saturation of mainstream markets and emergence 
of purchasing power in previously excluded pockets is forcing operators to search for the gold at the 
lower reaches of the economic pyramid. While market forces seem to be adequately addressing the 
social objective of equity, they are being hobbled in generating efficiency by unsound policy 
formulation. 
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