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Allocative Efficiency of the Mobile Industry in India and its implications for Telecom Policy
Abstract

In the context of the ongoing debate on the allocation of spectrum in India for mobile operators, the present paper outlines the various stages of spectrum policy, the common rationale underlying each of the stages, and tests for allocative efficiency in the mobile industry in India. It argues that spectrum policy has been guided by the principle of maximal usage of spectrum. However the presence of allocative inefficiency suggests that maximal usage may no longer be an appropriate approach. The effects of under pricing of spectrum and technical inefficiency in the usage of the radio access network are posited as possible alternative reasons for the allocative inefficiency. Corresponding policy implications and prescriptions are outlined. 
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Allocative Efficiency of the Mobile Industry in India and its Implications for Telecom Policy
Introduction

Spectrum is an essential resource for the provision of mobile services. The management of radio frequency spectrum is important to meet the following objectives: (a) granting of exclusive rights to spectrum (b) ensuring efficient use of it and (c) promoting competition in services (Falch & Tadayoni, 2004). In addition, in emerging economies spectrum management must achieve the development goals of universal telecom access at low prices. The costs experienced by the service provider may depend directly on how much spectrum is available making it an important factor input in the provisioning of mobile services (Hills & Yeh, 1999). Hills & Yeh (1999) point out that per subscriber investment falls with increasing availability of spectrum. 
As pointed out by Falch & Tadayoni (2004), the focal point of regulation of scarce resources, namely spectrum, has changed from pure coordination and planning to the creation of a competitive and sustainable environment for various telecom services. While the technical approach to frequency management mainly focuses on maximizing the supply of radio frequencies by making the utilization more efficient, economic approaches deal with the demand side as well (Falch & Tadayoni, 2004). 

We consider the two primary inputs,  namely the amount of spectrum possessed by  operators and the number of Base Transceiver Stations (BTSs) deployed at cell sites as the main determinants of the subscriber base the operator can support with a defined quality of service.  We analyze the problem of allocative efficiency by empirically testing the operator’s cost minimization condition. 
The paper is organized as follows: First we set the context by tracing the history of spectrum allocation policies in India. Thereafter we present our model and supporting literature. Subsequently we describe the data used in our analysis, and present estimates of our model. Then we discuss the results and their implications for spectrum policy in India and conclude with future research directions. 

Spectrum Allocation and Management in India

Before the introduction of mobile services, spectrum intended for commercial usage in the 800 MHz, 1800 MHz and 1900 MHz was entirely in the control of the national defense force of India. The utilization of spectrum for commercial purposes began with the release of a limited amount of spectrum in 1995. The management of spectrum in the country can be divided into three phases. 

The First Stage: Auctioning Scarce Spectrum (1995-2003):

The Indian government auctioned 2 ( 4.4 MHz of start-up spectrum for GSM based mobile services in 1995. Two operators were selected for each License Service Area (LSA) (for details on LSAs in India, reader is referred to Prasad & Sridhar, 2008). Subsequently the third operator license was awarded along with 2 ( 4.4 MHz of start-up spectrum in the 900 MHz band to the government operator 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. 

Further allocation of spectrum beyond the start-up spectrum levels was based on availability and justification and attracted additional revenue share as spectrum charges (Sridhar, April 2007). The contractual rights of spectrum holders were incrementally established through a series of government orders. 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. 

This method of spectrum allocation was very different from the methods followed in other countries where a sizable spectrum block (about 2(15 MHz) was given to the operators as start-up spectrum (TRAI, May 2005). The reason for this was the  scarcity of spectrum due to non-availability from the Department of Defense. Hence the Department of Telecommunications (DoT) released spectrum in smaller chunks as and when spectrum was made available for commercial mobile services. 

Table 1. Spectrum Allocation Criterion (Sridhar, April 2007)

	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 (2003-2006):

During 2000-2001, the government also liberalized the Basic Telecom Services market, which typically provided traditional landline based Plain Old Telephone Service. Jain & Sridhar (2003) provide details of the basic telecom services operations and their growth in India. In the year 2000, BTS operators approached the government with a proposal that they could provide local access loop at much lower cost using the alternative Code Division Multiple Access (CDMA) wireless technology. After a couple of years of litigations between the BTS operators and the GSM mobile operators, the Indian government announced Unified Access Service (UAS) Licenses in November 2003 that allowed migration of basic service license holders to provide full mobility based services with a stipulated fixed entry fee calculated based on the bid price paid by the 4th operator in 2001 (DoT, 2003). The fixed fee based license (as opposed to auction based) theoretically allowed any number of mobile licenses to be provided and implicitly de-linked spectrum allocation from licensing (DoT, 2003). Following the entry of 2-3 CDMA based mobile operators in each LSA, 1-2 new firms also paid the stipulated entry fee and got license to operate GSM services in certain LSAs. Though firms were awarded license after paying the required entry fee, they were given start-up spectrum only as and when available. 

In 2005, Telecommunications Regulatory Authority of India (TRAI) reviewed the spectrum allocation process taking into account spectrum availability and efficient utilization of assigned spectrum (TRAI, May 2005). TRAI (May, 2005) clearly mentioned that the spectrum held by the GSM and CDMA operators was well below international averages. It was recommended that existing operators be given adequate spectrum before consider allocating spectrum to new service providers. TRAI(May 2005) also stated that the then existing subscriber based norms would be revised taking in to account “trunking efficiency” up to the extent of 2X15 MHz. This suggested that they were planning to make the SBN more stringent. However, TRAI (2006) continued to maintain that there was a shortage of 2G spectrum and that that 3G spectrum allocation (in IMT 2000 band) should be considered as an extension of 2G spectrum for the existing operators. These declarations indicate the regulator’s view that the operators were operating with sub-optimal quantities of spectrum. 

From the above, it can be concluded that during 2001-2006, it was believed that incumbents did not have enough spectrum to serve existing and soon to be added subscribers. Therefore they were to have the first right to additional spectrum as and when available. This entitlement naturally extended to 3G spectrum since in a spectrum scarce environment 3G could be considered as an extension of 2G. 
It also followed that the scarce resource of spectrum need not be spread too thin thereby justifying a cap on the number of operators.

This is indeed precisely the stance taken by TRAI in its recommendation papers during 2001-2006. 
For instance, the TRAI Recommendation on Spectrum (TRAI, May 2005) states in point 2.2.1, ‘From the analysis of the level of competition it is evident that with 4 to 7 mobile operators in different service areas, there is adequate competition in almost all service areas. It is therefore recommended that before we consider allocating spectrum to new service providers it is necessary to ensure that existing service providers have adequate spectrum.’ Further point 2.2.2 states ‘New operators should be allowed in areas where spectrum requirements of existing operators have been met and additional spectrum is available.’ 

In fact the 2005 recommendation even goes so far as to say that ‘there will be no one time spectrum charge for allocation of IMT-2000 spectrum to existing operators.’

Regarding 3G services, TRAI (May 2005) states ‘The Authority is aware that 3G services cannot be expected to become popular so fast as to directly help in meeting the government’s targets. However, during discussions with operators it came out that strategies are possible to shift some users from 2G bands to 3G bands, thus creating space for new and marginal users in the 2G bands. Keeping these arguments in mind, the Authority recommends that 3G spectrum allocation to existing users be viewed as an extension of 2G spectrum allocations.’ 

Moreover 3G spectrum would not be offered to any new operator ‘unless sufficient spectrum is available for allocation to each existing operator who demands this spectrum.’

The subscriber based milestones, the view that incumbents were due spectrum before new entrants, that 3G should be treated as an extension of 2G, and the cap on the number of operators reflect policy making in an environment where the quantity of spectrum held by incumbents was considered insufficient.
Third Stage: Stricter Criterion for Allocation of Spectrum (2006-2008):

As technological progress took place, it began to be believed that if used maximally, spectrum held by incumbents was sufficient for meeting their near term requirements. Meanwhile additional spectrum was also getting vacated by the defense. As a result, in keeping with the principle of maximal usage of spectrum, new subscriber based norms were defined, incumbents kept out of fresh allocations, 3G treated as a separate service from 2G, and the cap on the number of operators removed. As mentioned in the TRAI recommendation of 2006 on 3G spectrum (TRAI, 2006), ‘the Defence 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 sufficient 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 examining spectrum availability, optimal use of spectrum, requirements of competition and of the market recommended that no cap be placed on the number on telecom access providers in the country. This allowed more new firms to enter in to the market by paying the low fixed entry fee (pegged to nominal 2001 price levels without inflation indexing or factoring the increase in valuation of mobile operations). The new licensees were put in queue for assignment of spectrum as and when available. 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. Following this, the government tightened the subscriber base criterion for additional spectrum allocation to existing operators. Simultaneously it issued many new GSM licenses and even allowed CDMA operators to obtain GSM licenses. These changes in the policy stances are reflected in the tightened SBN as illustrated in Appendix I. 

Economic Theory of Efficiency

The stages of spectrum policy in India outlined above indicate that spectrum policy in India has taken into account a very specific notion of efficiency. The notion used is that of maximal usage of spectrum, i.e. extracting the maximal number of mobile services per unit of spectrum. There could be many other notions of efficiency however. In this section we define different kinds of efficiency as a prelude to setting up a model to empirically test the presence of one of the defined efficiencies in the Indian mobile industry. 
The two measures of efficiency proposed by Farrell (1957) and used by many researchers including Uri (2001) are:

1. Technical efficiency (TE): Use of minimal 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 taking in to consideration their relative prices. 

Economic efficiency requires that an industry exhibit both technical and allocative efficiency.

A firm (or industry) could be technically efficient without being allocatively efficient. This would imply that while the firm is extracting the maximum output from the inputs deployed, it is not minimizing costs given the prices of inputs that it faces. In other words it could produce the same output with some other combination of inputs that would yield a lower operating cost, and hence a higher profit. A firm could also be allocatively 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 production from the given input mix.   

As follows from the definition one cause of allocative inefficiency is the inability to use an input mix that factors their relative price. But recall, allocative inefficiency is defined with respect to the production technology in force. A mix of inputs which is allocatively inefficient with respect to the observed(inefficient) production methods may be allocatively efficient with respect to the efficient technology. In other words, the presence of allocative efficiency may actually arise from technical inefficiency. Finally 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 economy. Therefore we have to check for allocative efficiency with respect to the shadow prices not merely actual prices faced. 

In brief allocative inefficiency could be due to (a) wrong input combination (b) technical inefficiency or (c) market prices diverging from shadow prices.

We examine the issues that have arisen in the context of spectrum management in India by setting up the following model and using it 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 (see Stevenson, 1980 and Battese & Coelli, 1992, Prasad & Sridhar, 2008) for details:
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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
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subject to: 
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where py and pz refer respectively to prices of  y and  z. The standard first order condition for this problem is:




[image: image4.wmf]1

/

/

=

z

y

p

dz

dx

p

dy

dx


(4)

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:
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If (5) does not hold good, then the operators are not minimizing costs and therefore are not allocatively efficient. In this study we first test whether (5) holds good in Indian mobile services market. 
Note, (5) can also be represented as 
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where P refers to the price ratios of z to y; Q refers to the ratio of the quantity of z to y, and T refers to the ratio of productivity parameters of y to z. We refer to PQT as the statistic for allocative efficiency. 
Data

Subscriber Base (x):

Subscriber base data of each operator for all the 23 LSAs during 2001-2007 was used for the estimation of production function (1). 

Radio Frequency Spectrum Allotted (y):

As indicated, a start-up spectrum upon licensing and additional spectrum using SBN were allotted to different operators in each LSA. This data for all the 23 LSAs during 2001-2007 was used as one of the inputs to the production function in (1).

Base Transceiver Stations (z):

Access to mobile service is provided through Base Transceiver Stations (BTSs) located in each cell site.  Given spectrum can be efficiently used by creating smaller cells (viz. reduce inter-site distance) and increasing reuse of frequency. This method increases the number of BTSs in the network. Hence for a given amount of spectrum, number of BTSs is a factor input that can affect the traffic density carried in the area or the number of subscribers supported. 
This data on BTSs for each operator in each of the 23 LSAs during 2001-2007 was used as the second input in the production function (1). For details on the above refer to Prasad & Sridhar (2008). 

Price of Spectrum (py):

As indicated in the previous section, the mobile operators paid an entry fee to get the license. Start-up spectrum of 2(4.4 MHz was allotted along with the license. The average entry fee paid by the operators for the first round of license in 1995
, in the second round of licensing in 2001 and subsequent allocations post 2001 are presented in Table 2 below. We compute entry fee per year per operator in each LSA by dividing the total entry fee paid by the license term of 20 years (DoT, 2000).

Table 2. Entry fee paid by Mobile Operators in India (Desai, 2004; DoT, 2003)

	
	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 (W)
	27.26
	6.52

	Uttar Pradesh (E)
	32.52
	9.66

	Rajasthan
	25.56
	6.88

	Madya 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


Apart from the above license fee, the operators also paid spectrum charges as a percentage of their gross revenue. Table 3 illustrates the spectrum charges paid by the operators across different category of circles.

Table 3 Annual Spectrum Charges Paid by Mobile Operators in India

(TRAI, 2005)
	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%


We compute revenue of each operator in each LSA from the average ARPU and the subscriber base. We then calculate the annual spectrum charges from the above table. The price of the spectrum py 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 (pz):

Price of BTS includes two components: (a) the capital expenditure in erecting the tower and installing the BTS components 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 py and pz, the price ratio 
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 can be calculated for each year for each operator in each LSA. 

The sources for the data used in our estimation are summarized in Table 4.

Table 4. Sources of Data

	Variable
	Source of Data

	Subscriber base (x)
	COAI (2007), Tele.net (2007)

	Spectrum Allocated (y)
	COAI (2007), DoT (2008)

	Number of BTSs (z)
	COAI (2007)

	Price of Spectrum (py)
	DoT(2003), Desai (2004), Sridhar (2007), TRAI(2005)

	Price of BTS (pz)
	Sundaresan (2007)


Empirical Findings

Estimation of Production Function

By taking log on both sides, (1) can be expressed as:
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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 A, β, γ, and 
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. (for details on the estimation, the reader is referred to Prasad & Sridhar, 2008). The results are presented in Table 5 (for details on the estimation, reader is referred to Prasad & Sridhar, 2008). 

Table 5. Production Function Estimates

	Year
	ln A
	(
	(
	T=(/γ

	2001-07
	-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


Based on the above estimates of the production function, we test the following hypothesis derived from equation (6) to test the presence of economic efficiency. 

Hypothesis Development and Test for Allocative Efficiency

Hypothesis H1: The operators are efficient in allocating spectrum and BTS in the provision of mobile services(i.e. PQT =1).
From the observation of the allocative efficiency statistic PQT for each operator, LSA and 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 2001-07. Tk is taken from the table 5. We also calculate the sample average over the whole time period under consideration as follows: 
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where T is the value in table 5 corresponding to the whole of the dataset during 2001-2007. 

By the central limit theorem (Aczel & Sounderpandian2008),  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  
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respectively. Using the estimate and standard deviation, we then calculate the 95%
 confidence limits for the population mean of 
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, and PQT = 1. Results are illustrated in Table 6. 

Table 6. Hypothesis Testing for Economic Efficiency

	Year
	Test statistic PQT
	Standard Deviation
	95% Estimate
	H1: PQT= 1

	2001-2007
	2.66
	0.18
	2.32
	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


For the period 2001-2007, with 95% probability we can conclude that the population mean of PQT is greater than 2.32. The 95% estimate of PQT in general, increases over this time period reaching a high of 3.63 in 2006 and ending at 3.10 in 2007. This clearly indicates the absence of allocative efficiency in the mobile industry. We discuss below the implications of this phenomenon. 

Discussions

As mentioned above, the absence of allocative efficiency could be due to a combination of (a) suboptimal input mix Q (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 the statistic of allocative inefficiency being greater than 1  could be that Q is too high. This could be due to lack of access to spectrum or hoarding of BTSs, or a simple integer programming problem related to the unavailability of spectrum in small tranches. The hoarding of BTSs does not make sense since BTSs and the cell sites can be built within a month and there is no advantage in building excess ahead of time. In the context of 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 does arise in the case of new entrants who have to hold a larger start-up spectrum than necessitated on account of larger startup spectrum block sizes (4.4 MHz). However, this case leads to greater values of y, resulting in a reduction of PQT and hence can be ignored for the present discussion on the why PQT > 1
. 
Having ruled out other causes of an inoptimal input mix we focus on lack of access to spectrum. Other things being held constant, if operators are allowed to hold a quantity of spectrum y’ > y, then we get Q’ < Q, thus bringing the value of PQT closer to one. Note that the value of PQT2007 is 3.1. Therefore keeping the number of BTSs deployed constant, allocative efficiency requires that the average holding of spectrum increased by 210%. The average holding of spectrum in India in 2007 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 (Prasad & Sridhar, June 2008). Therefore unavailability of spectrum is a plausible explanation of the observed inefficiency in the Indian telecom industry. 

Technical Inefficiency

In the presence of technical inefficiency the efficient production function 
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is different from the observed production function (1). This could be either because (a) 
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 then the effect on the value of PQT is nil. However if 
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, then allocative inefficiency can be ascribed partly to technical inefficiency. In 2007 the BTS efficiency (i.e. 
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and make PQT=1.  It may be true that operators are not actively using methodologies such as cell sectoring, deployment of directional and smart antennas, and utilization of AMR encoding techniques to increase the subscriber base and hence traffic supported per cell site. These involve investment and change in network configurations. Further technical inefficiency in the use of BTSs 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 
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 and hence move the operators closer to technical and allocative efficiency
. 
Under Pricing of Spectrum
The low pricing of spectrum was criticized by Prasad & Sridhar (2008). 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 (for details on the bailout package, reader is referred to Desai, 2006). 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 (Prasad & Sridhar, Nov 28, 2007). Low price  of spectrum pz relative to BTSs, might be one of the reasons for allocative inefficiency. 

Note that the value of PQT2007 is 3.1. Therefore  assuming  the price of BTS towers remains unchanged, this would imply that the correct value of spectrum in 2007 was approximately 3.1 times the observed price in the 2001 auction i.e., of the order of Rs 5,000 crores. 
Validity of Subscriber Based Norms

Next we assess whether the allocative efficiency levels observed with actual holdings of spectrum would also manifest if the spectrum holdings were to correspond to the Subscriber Based Norms (SBN) indicated in Table 1 and Appendix I. 
For this analysis we compute 
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This gives us the spectrum-BTS ratio under the SBN regime 
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; and finally the measure of allocative efficiency PQ*T. Results are presented in Table 7 (detailed results of the above calculations are presented in Appendix II). 

Hypothesis H2: Under the SBN regime, the operators are efficient in allocating spectrum and BTS in the provision of  mobile services(i.e. PQ*T =1).
Table 7. Estimate of Allocative Efficiency using Subscriber Base Norms

	Year
	Test statistic PQ*T
	Standard Deviation
	95% Estimate
	H1: PQ*T=1

	2001-2007
	3.40
	0.32
	2.90
	Rejected

	2001
	0.44
	0.16
	0.13
	Accepted

	2002
	0.86
	0.19
	0.48
	Accepted

	2003
	1.45
	0.24
	0.98
	Accepted

	2004
	5.25
	1.12
	3.05
	Rejected

	2005
	2.09
	0.72
	0.68
	Accepted

	2006
	2.05
	0.40
	1.28
	Rejected

	2007
	5.99
	1.01
	4.02
	Rejected


The data shows that over 2001-2007 as a whole the 95% estimate of PQ*T is greater than the 95% estimate for PQT and greater than 1 indicating that the subscriber based norms postulate a level of spectrum holding lower than the average observed during the sample period and that the SBN is not consistent with allocative efficiency. During 2001-2003, the 95% estimate of PQ*T is lower than the 95% estimate for QPT and lower than 1 indicating that in the start up phase the SBN of 2005 specified a level of spectrum holding higher than the average observed. This is consistent with the regulator’s view that operators were using a sub-optimal quantity of spectrum. The fact that PQTk is less than 1 from 2001 to 2003 indicates that the 2005 SBN were lenient and allotted more spectrum than the actual held by operators. 

We find if we peg the usage of spectrum and BTS in 2007 as per the subscriber based norms of 2008, then the sum of the percentage increase in the ratio of BTSs to spectrum, the relative price of BTS to spectrum and the relative efficiency of spectrum to BTSs required to explain the apparent spectrum scarcity would be of the order of 302% with a probability of 95%. If we were to just change the holding of spectrum from that mandated by the SBN, then the average holding would have to be increased four times.  If we were to just change the price of spectrum this implies that spectrum should be priced 4 times its 2007 value. If we were to merely change the productivity of towers then it would need to be increased to four its value in 2007. 

Policy Implications

The data seem to indicate that all three factors, namely spectrum shortage, under-pricing and inefficiency of using BTSs are responsible for allocative inefficiency in the Indian mobile industry. Under the circumstances, the following policy responses are required. 

Improve Spectrum Availability

The policy maker must accept that incumbent operators are operating with sub-optimal quantities of spectrum. Subject to the constraint of ensuring sufficient competition, the policy maker must allow incumbents to access spectrum as and when available. The decision to exclude incumbents from spectrum allocation in 2007 based on tighter SBN when 20Mhz of 2G spectrum was released by defense did not further the goal of efficiency in the industry. Since there are as many as 6 operators in each circle the concern over cartelization could not have been a justification. 

Therefore the SBN must be changed to reflect the goal of allocative efficiency rather than maximal usage. 

The limited supply of spectrum must also be addressed. Spectrum unavailability is a result of large blocks of spectrum for commercial mobile services being used by the Department of Defense. Though refarming of defense spectrum started as early as 2006, additional spectrum in the 1,800 MHz band is still not released by Defense. Refarming will increase the amount of spectrum available to the operators, thus resulting in decrease in inefficiencies. 
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 one of the lowest in the world leading to iron-clad structures clogging our cities. Apart from cluttering the landscape, the antennas mounted on the towers emit radio frequencies that may be harmful to city dwellers. 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 charges. 

Pricing of Spectrum

The SBN results in doling out additional spectrum to operators without any fee. Stricter SBN might result in scarcity of spectrum while loose norms result in low prices leading to hoarding. Hence alternative methods of additional spectrum allocation need to be developed. One option is to auction smaller blocks of spectrum (say 1 MHz) as and when spectrum becomes available, with a reserve price equal to that determined through the previous auction. This will make sure that spectrum is priced  as per existing market conditions. Alternative users of spectrum such as the defense, public utility companies, and Indian Railways should also be required to pay market-determined fee for usage of spectrum. This will provide level playing field between commercial mobile operators and others leading to the use of radio frequencies by those who value it most. 

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.

In order 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. 

Conclusions

Economics, 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. This is a consequence of a policy debate narrowly focused on optimizing the allocation of spectrum within the mobile industry, without regard to patterns of use of other inputs and of the usage of spectrum by much larger users of spectrum outside the mobile industry. 
This paper broadens the definition of scarcity and argues that the relative scarcity of other inputs into the production of mobile services must be considered when formulating spectrum policy. The existing literature while addressing competition and growth of mobile services, does not analyze in depth the economic efficiency of mobile service provisioning in India. This is one of the first attempts to analyze the presence of alloactive efficiency along with the related spectrum policy implications. Our analysis of the data on mobile services in India indicates the absence of allocative efficiency. We discuss possible causes including  spectrum scarcity, under pricing of spectrum, inefficient use of BTSs and recommend certain policy directions 

 

There are certain limitations to our study. Note that there are other factor inputs such as labor that are relevant (Sung & Gort, 2000) which could not be included due to limitations of data availability. Similar considerations prevented us from including CDMA data in our data set. Though CDMA service contributes to less than 25% of the market share, technology efficiencies of CDMA service are different from those of GSM service.  Extension of this work could include the CDMA data for accurate identification of economies of scale in the entire mobile industry. 

It would be interesting to replicate this study for China which is another high growth mobile market in the world with only three operators providing services in 31 LSAs. 
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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Appendix Ia. Subscriber Base Criterion for additional Spectrum Allocation 

in 2006-2008 (TRAI, 2007)

	Quantum of Spectrum Allotted
	Minimum Subscriber Base Required

	
	2006-2008

	2 × 4.4 MHz
	-

	2 × 6.2 MHz
	0.2-0.4


	2 × 8 MHz
	0.4-0.8

	2 × 10 MHz
	0.6-1.4

	2 × 12.4 MHz
	0.9-2.0

	2 × 15 MHz
	1.2-2.6


Appendix Ia. Subscriber Base Criterion for additional Spectrum Allocation 

in 2008-Current (WPC, 2008)

	Quantum of Spectrum Allotted
	Minimum Subscriber Base Required

	
	2006-2008

	2 × 4.4 MHz
	-

	2 × 6.2 MHz
	0.5-0.8

	2 × 7.2 MHz
	1.5-3.0

	2 × 8.2 MHz
	1.8-4.1

	2 × 9.2 MHz
	2.1-5.3

	2 × 10.2 MHz
	2.6-6.8

	2 × 11.2 MHz
	3.2-6.8

	2 × 12.2 MHz
	4.0-9.0

	2 × 13.2 MHz
	4.8-7.0

	2 × 14.2 MHz
	5.7-10.7

	2 × 15 MHz
	6.5-11.6


Appendix II. Allocative Efficiency Using Subscriber Base Norms 

in 2006-2008 (TRAI, 2007)

	Year (k)
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	2001-07
	5.70
	667
	0.5746
	6.20
	561
	90

	2001
	4.58
	79.16
	0.0940
	4.40
	83
	19

	2002
	4.70
	207
	0.1593
	6.20
	81
	13

	2003
	5.41
	298
	0.3007
	6.20
	192
	31

	2004
	6.13
	434
	0.4287
	6.20
	417
	67

	2005
	6.47
	675
	0.7001
	8.00
	469
	59

	2006
	6.82
	1094
	1.1215
	10.00
	397
	40

	2007
	6.96
	1619
	1.5427
	7.20
	1520
	211


� The 3G spectrum is designed for providing connectivity at speeds of up to 2 Mbps and hence is capable of providing services such as mobile TV, and real-time � HYPERLINK "http://economictimes.indiatimes.com/Guest_Writer/3G_policy_will_drive_up_2G_prices/articleshow/2926687.cms" \t "_new" �video conferencing� while 2G spectrum is used for low bandwidth services such as voice, and � HYPERLINK "http://economictimes.indiatimes.com/Guest_Writer/3G_policy_will_drive_up_2G_prices/articleshow/2926687.cms" \t "_new" �SMS�. The migration from 2G to 3G requires the setting up of new � HYPERLINK "http://economictimes.indiatimes.com/Guest_Writer/3G_policy_will_drive_up_2G_prices/articleshow/2926687.cms" \t "_new" �infrastructure� by operators, and the purchase of 3G compatible handsets by end users. 2G services can continue to be provided using 3G spectrum and equipment; but � HYPERLINK "http://economictimes.indiatimes.com/Guest_Writer/3G_policy_will_drive_up_2G_prices/articleshow/2926687.cms" \t "_new" �3G services� cannot be provided in a 2G environment. Sundaresan (2007) shows that it is not just feasible, but also economically viable for an operator to use 3G infrastructure as a replacement/complement to existing 2G infrastructure for voice services.





� Post-bailout by government


� This is the license fee paid in 1999 by the operators after the government migrated them to revenue sharing scheme (for details, refer to Desai, 2004).


� Entry fee for Tamil Nadu LSA includes that of Chenai LSA post 1995.


� Tests at 99% confidence limit yield qualitatively similar results.


� The presence of allocative inefficiency could also be ascribed to excess production. A reduction in the holding of BTSs could reduce both output and the value of Q in order to bring the value of PQT closer to 1. However, since the mobile subscriber base in India continues to grow exponentially bringing tremendous benefits to the economy, we do not consider this line of reasoning. Another factor which we choose to ignore is the bounded rationality of operators. Given the chorus of demands for additional spectrum we may conclude that operators are aware of their ‘allocative inefficiency.’


� In response to demands made by incumbents for more spectrum, policy makers and new entrants have pointed to the inefficient use of spectrum by operators. Spectrum can be more efficiently used either by increasing β or by increasing the number of towers per unit of spectrum, i.e. Q. Both changes if implemented would only increase PQT, 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.


� Note for the year 2001-2005 we use the 2005 SBN; for 2006 we use 2006 SBN and for 2007 we use 2008 SBN as the incumbents did not get vmuch spectrum in 2007 and are now only being given spectrum. For the overall figure we use the 2008� SBN. 





� The subscriber base criterion was different for different categories of LSAs
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