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Executive Summary

Communication airwaves, also known as radio frequency spectrum are an important resource
for mobile communication technologies. It is a subset of frequencies in the electromagnetic
spectrum that can be used for communication, and corresponds to frequencies from 3 kHz to
around 300 GHz. While spectrum is not depletable, technology effects can limit the extent to
which it can be beneficially utilized at a point in time. Governments typically license the use
of spectrum to regulate its application and maximise social benefit. With the exploding
demand for all things wireless, radio spectrum has become a scare commodity in many
countries. In India for instance, aggressive bidding during auctions (2010, 2012 and 2015) led
to dramatic increases in spectrum prices. Spectrum management policies over time have eased
pressure on operators and encouraged spectrum efficiency. In 2017, the average spectrum
holding for an operator in India was 31 MHz, compared to the global average of 50 MHz.

In August 2018, the Telecom Regulatory Authority of India (TRAI) published its
recommendations on the auction of spectrum across several bands including two bands yet to
be auctioned in India, 3300 — 3400 MHz and 3400 — 3600 MHz. These bands are likely to
emerge as the primary band for 5G services. The recommendations include a discussion on
the availability of spectrum, roll out obligations, spectrum caps, block sizes, valuation and the
reserve price of spectrum. The latter is the chief focus of this study as well. Spectrum pricing
is an invaluable tool to promote efficiency. The International Telecommunication Union
(ITU) proposes four different methodologies for spectrum valuation (i) price from previous
auctions duly indexed (ii) estimation the value of spectrum by assessing producer surplus (iii)
valuation of spectrum using a production function approach (iv) valuation of spectrum using
a revenue surplus approach. In addition to these four methods, TRAI also uses a multivariate
regression technique.

According to TRAI, the reserve price should be the higher of the two — 80% of the average
valuation of the spectrum band using the 5 methods or the indexed value of the price realised
in the October 2016 auction. In service areas where no spectrum was offered in 2016, reserve
price should be 80% of the average valuation of the 4 methods (excluding indexation). In
service areas where spectrum was offered in October 2016 but remained entirely unsold, the
reserve price should be lower of the two — 80% of the average valuation of the 5 methods or
the reserve price as fixed in October 2016. Only in four of the twenty two circles, reserve
prices are fixed using the 80% of the average across 5 methods. For most circles, reserve price
is indexed to the previous auction outcomes.

In this report, we use the 1800 MHz band as the anchor to evaluate the recommended reserve
prices. We focus on the significant variation in the results of each method, ultimately entailing
a judgment on which model or combination is the best fit to the reigning conditions. For
example, the multiple regression method yields significantly higher prices than the other
methods for many service areas. In addition, use of mean to average across models when
variations are significant puts a disproportionate 3 impact of the outliers on the average value.
When the data is skewed, the median is generally considered to be a better measure of the
central tendency.



TRAI uses the Marginal Cost of Funds based Lending Rate (MCLR) to index values of
previous auctions. MCLR or any other lending rate is primarily used to arrive at net present
value of projects. While the use of base rates is not uncommon for the determination of
spectrum prices based on indexation, it does not reflect changes in price levels either in the
economy or in the sector. A better method would be to use a telecom price index, if available
or the consumer price index (CPI). Alternatively, TRAI could consider studying price changes
in the telecom sector. Ofcom, UK extensively researches on pricing trends for communication
services using data on consumer preferences, usage levels, contract lengths, promotional
prices, etc.

TRATI’s own guidelines of 2010, state that if auction of a specific band is conducted again in
less than a year it would not require a revision in reserve prices. In 2013 TRAI clarified that
using reserve prices from a previous auction requires (i) spectrum to be identical (ii) auctions
to be held very close in time so that the market and macroeconomic are not materially
different. The report documents some inconsistency in the applicability of this principle across
service areas.

The price of spectrum is a combination of several factors, including prevailing market
conditions and the forecast. Not everybody’s forecast can be expected to be identical,
expected revenue, incremental costs, regulatory conditions and risk will be a part of the mix.
We use revenue per circle as a crude proxy for value to operators. In order to test if reserve
prices reflect the underlying value we run correlations between circle revenue and
corresponding reserve price for each spectrum auction over the period 2012 to 2016. We find
a positive correlation of about 50 % for most years, with the exception of 2015 which is 0.81.
For the upcoming auctions it is the lowest, implying least association with the underlying
value of spectrum.

An alternate method to measure variations between reserve price and its underlying value is
to estimate the Coefficient of Variation (COV) and compare these. COVs measures the
dispersion around the central value of a distribution. The COV for revenues is the lowest
implying that the earnings across circles lie within a band while those for reserve prices and
market prices are higher.

International experience with auction models reveals a mixed bag. Regulators are empowered
to make a judgement in what are sometimes fluctuating market conditions. In several instances
of spectrum auctions in US, UK and Canada, the regulator reserves one or more blocks of
spectrum for a new entrant. This approach is effective in increasing competition but it may
result in entry by firms with higher costs and less attractive offerings than incumbent.
European auctions have shown that spectrum set-asides are inconsistent with efficient
allocation of spectrum. The English design set aside spectrum for a new operator while the
German design did not. The German design resulted in more competition and potentially
higher revenue. Austria also adopted the German design and achieved higher levels of
competition in the market with three new entrants. Other countries such as Netherlands, Italy
and Switzerland used the English design for auction of their UMTS license and spectrum.
Proposed in 2006, the Combinatorial Clock Auctions (CCA) was used for ten major auctions



during the period 4 2012 to 2016. These modern spectrum auctions allocate multiple units
where bidders may value the units as complements. It overcomes the problem of “reasonable
allocation at low prices”, a typical outcome of the simultaneous ascending auctions. While
CCA is arguably better than the simultaneous ascending auctions, it is complex and requires
a high-level of bidder sophistication. It can also result in widely varying prices depending on
the strategies adopted by bidders.

New trends are also emerging in the allocation of 5G spectrum. For example, FCC announced
an incentive auction in order to free up more spectrum for 5G. Under this format existing
rights holders in those bands can choose either to relinquish their rights in exchange for a
share of the auction revenue or alternatively receive modified licenses after the auction,
consistent with a new band plan and service rules.

Since 2010, the Department of Telecommunication has consistently used auctions for
spectrum allocation. Over the six auctions held during the period 2010 to 2016, the
government has auctioned portions of frequencies and the average reserve price in every
subsequent auction has witnessed an upward revision. The outcomes have to an extent been
discouraging. There is a lack of enthusiasm among operators due to unrealistic expectations
on part of the government which in turn is an outcome of the political economy around private
use of a ‘national resource’. As a corrective measure the regulator has proposed a steep cut in
the reserve price of the 700 MHz band, which saw no demand in the previous auctions and
has also recommended making the entire spectrum available for auctions.

Designing auctions is always fraught with risk and given past events in India even more so
for spectrum. Experience also suggests that reliance on reserve prices may not always yield
successful market outcomes. There are several other factors that influence auction outcomes
such as bidder turnout, market conditions and choice of auctioning agent. The auction design
is also crucial. India currently follows a Simultaneous Multi-Round Ascending Auction
(SMRA). Combinatorial Clock Auctions (CCA), are a popular alternative as they avoid
aggregation risks and are arguably more efficient. A combination of formats can also be
explored.

Spectrum auctions in India should try to balance transparency in allocation and revenue
expectations for the government. Setting high reserve prices could actually be
counterproductive. It could reduce government revenue and stifle sector growth. Building
trust between operators and government is crucial for long run viability of the sector. This
deficit needs to be bridged now.



Evaluating Spectrum Auctions in India

1. Introduction

The evolution of mobile communication technologies has been nothing short of phenomenal.
After introduction of the first generation network in the early 1980s, we are now knocking the
doors of fifth generation communication systems that are designed to deliver ultra-fast internet
and multimedia experience for customers. Communication airwaves, also known as radio
frequency spectrum are an important resource for mobile communication technologies.? It is
a subset of frequencies in the electromagnetic spectrum that can be used for communication,
and corresponds to frequencies from 3 kHz to around 300 GHz.2 From mobile phones to police
scanners, TV sets and radio, virtually every wireless device is dependent on access to wireless
spectrum.® However, radio spectrum is not uniformly applicable, physical and natural
conditions can constrain its application to some technologies®. To optimize its use radio
spectrum is divided into bands of varying frequencies.® Usually, low frequency spectrum is
preferred for better propagation characteristics, while high frequency spectrum is deployed to
push greater volumes of information in each frequency band.®

While spectrum is not depletable, technology can limit the extent to which it can be
beneficially utilized at a point in time.” Governments typically license the use of spectrum to
regulate its application and maximise social benefit.2 With the exploding demand for all things
wireless, radio spectrum has become a scare commodity in many countries. In India for
instance, aggressive bidding during auctions (2010, 2012 and 2015) led to dramatic increases
in spectrum prices. Spectrum management policies have been relaxed over time to ease
pressure on operators and encourage spectrum efficiency. In 2017, the average spectrum
holding for an operator in India was 31 MHz, compared to the global average of 50 MHz.
(Figure 1.1). The National Digital Communications Policy (NDCP) 2018 formulated recently
sets out policy objectives to optimize the availability and utilization of spectrum. The key
areas of policy action include developing a transparent and fair policy for spectrum
assignment and allocation, making spectrum adequately available for the upcoming
broadband era, allowing for its efficient utilization and promoting next generation access
technologies.

! Prasad and Sridhar (2014)
2 |bid

3 Staple and Werbach (2004)
4 Herter (1985)

5 Ibid

6 Op Cit, 1

7 1bid

8 Op Cit, 3



Figure 1.1: Global Average Spectrum per Operator
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In August 2018, TRAI published its recommendations on the auction of spectrum across
several bands including two bands yet to be auctioned in India, 3300 — 3400 MHz and 3400
— 3600 Mhz. These bands are likely to emerge as the primary bands for 5G services. In this
report we critique TRAI’s methodology for determination of reserve prices for the
forthcoming auctions and offer policy guidance drawing from experience of India and
elsewhere. In the following sections we elaborate on methods of spectrum management and
allocation used globally, including in India. Section 2 provides a quick summary of global
spectrum management and allocation practices. Section 3 does the same from a historical
perspective for India. Section 4 evaluates TRAI’s latest recommendations on reserve prices
while Section 5 provides cross-country comparisons of spectrum auctions. Section 6
concludes highlighting important issues that emerge from the analysis.

2. Spectrum Allocation and Management

The advancement in new technologies and proliferation of wireless communications has made
spectrum management and allocation a critical task. Governments and regulators have to
balance the twin objectives of resource mobilization and public welfare. The three basic models
for regulating spectrum are (i) a command and control model (e.g. assignment of bands for
public service use); (ii) a market-oriented model (i.e. through licensed auctions); or (iii) a
generic licensing or common use model (i.e. any user can access the band provided that and
for as long as the user complies with the technical specifications set out in the generic license).
The command and control model is least flexible while generic licensing is the most flexible
regime. Under command and control, the government allocates spectrum based on network,

2



rollout, coverage and technology through what has come to be called a beauty contest®. In
addition it monitors its use closely. In several countries this model was deployed in the early
stages of telecom liberalization and was even successful in achieving early roll-out and rapid
growth but ran into trouble over time.

In 1959, Ronald Coase, a Nobel prize winner, declared that the command and control model
was not an economically efficient way of assigning a scarce resource.*® He said, “in the same
way as land igrotected by clear property rights, spectrum should bétoAdministrative
allocation of spectrum is rigid and may involve long delays and could result in over and under
allocation. The nudge towards market oriented allocation was based on the fact that auctions
allow spectrum to be placed in the hands of operators who are able to use it best*2. Auctions
are also more transparent, eliminating the subjectivity of a beauty contest. Further, in case there
is a secondary market for spectrum, trading and/or leasing will improve efficiency.

However, auctions are not entirely free from challenges. Auctions can be affected by the
presence of externalities, market power and collusion on the buyer side and asymmetric
information between buyers and sellers.®® This might result in a winner’s curse** where the
winner of the auction ends up paying more than the value of the auctioned resource.™® For
auctions to be successful, the design of the auction is critical. We discuss different auction
designs for spectrum allocation in the following subsection.

Finally, the common use model completely liberalises the use of spectrum. There are no
restrictions on the type of service or technology permitted on a frequency band. Multiple users
are allowed to share access to a single frequency band. In recent times, spectrum assignment
has moved away from a command and control model towards a combination of the market-
oriented and common-use open-access models. This evolution is guided by the principle that
the latter two assignment models may better serve the goals of technical and economic
efficiency. Many regulators employ a mix of these models, seeking the most effective
combination of approaches to suit specific bands. Some examples are provided in Section 5 of
the report.

2.1 Types ofSpectrum Auctions

Since 1990s, auctions have become the preferred method of assignment in several countries.
However, auction design is also at the centre of academic debate. The choice of auction format
is crucial since it can influence auction outcomes as well as the resulting competition. The
popular auction formats include simultaneous multiple-round ascending auctions (SMRA),

® In a “beauty contest” — applicants are judged on a predetermined set of criteria, such as speed of deployment,
spectrum efficiency, stimulating competition and benefit to the country

OPrasad and Sridhar (2013)

11 Hazlett, Porter and Smith (2011)

12 Cramton (2002)

BOopCit1

14 Winner’s curse hypothesis states that the winner of an auction overestimates the true value of the object being

auctioned. (Varaiya, 1988)

15 bid



sealed bid auctions and combinatorial clock auctions (CCA). In SMRA, the most established
auction format, related lots are auctioned simultaneously in a sequence of rounds. One of the
primary drawbacks of SMRA is the existence of ‘aggregation risk’ i.e. a bidder may end up
with certain superfluous blocks of spectrum. The CCA is a variation of SMRA in which bidders
bid on packages. It is a complex design that addresses the risks of SMRA while building on its
strength'®. The sealed bid auction permits regulators to include non-financial criteria in the
selection process but it does not permit a bidder to see how spectrum is being valued by other
auction participants. Details of the popular auction formats are summarized in Table 2.2.

The design of the auction process (iterative versus sealed-bid), the bid language (compact
versus fully enumerative) and the payment rule (anonymous versus non-anonymous) need to
be revisited with changing market characteristics and the technology environment®’. In fact in
large markets with many bidders and regional licenses there may not be a single optimal auction
design. It is imperative that auction design considers the local circumstances to achieve policy
goals.

16 Cramton (2013)
17 Bichler and Goeree (2017) 1



Table 2.1: Options for Spectrum Allocation and Assignment?*®

Type of Auction

About

Key Features/ Rules

Example of Countries who
has adopted the format

Risks

Simultaneous Multiple
Round Ascending Auction
(SMRA)

Lots are auctioned individually but
simultaneously in discrete bidding
rounds with ascending prices for each
spectrum lot and the auction continues
until no new bids are submitted

-ascending prices for each
spectrum block

-standing high bidders

-auction continues until no more

bids are placed

Canada, Germany, Spain,
United States

-Can be vulnerable to gaming (e.g.
demand reduction, signaling etc.)
-Bid strategy can be rather
complex if there are many lots

Sealed Bid Auction

Each bidder submits a single offer and
the licence goes to the highest bidder
The bidder pays either their bid or,
under a second price rule, the highest
losing bid

-bids are submitted in a single
bidding round

-no price revelation or opportunity
to improve bids

-winner and price determination
following bid submission

Two main options for pricing rule:
— First price (pay your bid) —
Second price (pay based on
opportunity cost of denying other
bidders)

Combinatorial Second Price
Auction (Portugal, Ireland)
Combinatorial  First

Auction (France, Hungary)

Price

-Limited information available to
bidders as they have no insight into
rivals’ values

-Use of the first price rule can lead
operators suffering the winner’s
curse, in which they have
overestimated the true value of the
licence

-May lead to spectrum being
assigned inefficiently

Combinatorial Clock

Auction (CCA)

Multiple round auction allowing bids
for packages of lots, rather than for
individual  licences.  An initial
ascending clock phase continues for
each package of generic spectrum
blocks until excess demand for each
group is eliminated, followed by a final
round of sealed bids to determine
specific assignments

-Ascending clocks for each
category of lots

-Usually  implemented  with
generic lots

-Package bidding — Second-price
rule
-New ‘relative price’ activity rule

Denmark, Ireland, Netherlands,
Austria, UK,  Switzerland,
Mexico, Slovenia, Slovakia,
Australia, Canada

-auction rules are much more
complex to understand than the
SMRA  -winner and  price
determination with many lots may
be opaque

-requirement on bidders to value all
plausible packages is onerous
-bidders with budget constraints
may be unable to follow simple
strategy

18 https:/fwww.itu.int/en/ITU-D/Regulatory-Market/Pages/Events2016/Abidjan/Ses2_2_Katz_Spectrum%20v3.pdf




3. Spectrum Auctions in India

2010 represented a watershed in spectrum management policies in India. Until then spectrum
was administratively assigned, thereafter by auction. In 2010*°, for the first time, spectrum in
the 2100 MHz and 2300 MHz bands was assigned through an online auction designed to
discover a market price for 3G/ BWA spectrum. The underlying basis was to enable efficient
use of spectrum, avoid hoarding, stimulate competition and promote the roll out of 3G and
broadband services. The government also used the auction to raise revenue.?° The 2010
auction was successful in achieving these objectives with all of it sold above the reserve prices
determined by the regulator.

The February 2012 judgment of the Supreme Court?, dismissed the previous administrative
assignment of spectrum for 2G services in 2008 because of lack of transparency in the process
and favouritism. The honourable Court ordered the government to auction spectrum for all
times to come. Between 2012 and 2016, the Department of Telecommunication (DoT)
conducted several rounds of spectrum auctions using the Simultaneous Multiple Round
Ascending (SMRA) method.?? The auctions for different circles were conducted
simultaneously in continuous cycles known as clock rounds.

The success of the 2010 auction meant that the future of SMRA was guaranteed. All
subsequent auctions have used it. In February 2012, 1800 MHz and 800 MHz bands were put
up for sale, but the auction failed to replicate the success of the previous auction. A small
percentage of 1800 MHz band was sold, while 800 MHz remained completely unsold.
Incumbents were evidently well stocked on 2G spectrum and the costs of acquiring spectrum
and building infrastructure raised entry barriers for new comers. Thus there was little threat
of potential competition. Even the partial sale of spectrum in the 1800 MHz band was at
reserve prices.? This unsold spectrum and additional spectrum in the 900 MHz band were
auctioned in 2013. Since market conditions had not changed significantly, the response
continued to remain tepid. Spectrum was partially sold in the 800 MHz band, however the
900 MHz and 1800 MHz bands remained completely unsold.?* In 2014, 900 MHz and 1800
MHz bands were put to auction again. While the 900 MHz band saw active bidding, the total
spectrum sold was less than 60 % of the volume on offer. Since the reserve price for these
auctions were linked to auction outcomes of 2010, the cost of spectrum acquisition was quite
steep. In the 2014 auction, spectrum prices for the 900 MHz and 1800 MHz bands in the
metros was much higher than international averages. The price per MHz per population in the
1800 MHz band was 1.46 Euros compared to the benchmark of 0.17 — 0.27 Euros declared by
Ofcom in 2012.%°

19 Technically, there was an auction in 2001 and the Government continued to allot spectrum at the price until
the auction in 2010.

20 http://wpc.dot.gov.in/WriteReadData/Orders/auction_analysis.pdf

2L https://indiankanoon.org/doc/70191862/

22 See Table Al in the Appendix for bands auctioned in each year and the auction outcomes

% Op Cit, 19

2% 1bid

2 Molleryd and Markendahl (2014)



In 2015, the government auctioned spectrum across 800 MHz, 1800 MHz, 2100 MHz and 900
MHz bands. To date, this was the biggest auction in India by volume of spectrum on sale and
the total value of bids stood at Rs. 1.10 lakh crore. For operators whose licenses were expiring
after 20 years, spectrum was essential for continuity of business. However, operators also
spent on procuring new spectrum to provide high speed 3G coverage. In 2016, the government
offered even more spectrum for sale including 700 MHz, 900 MHz 1800 MHz, 2100 MHz,
2300 MHz and 2500 MHz beating the 2015 volumes. The success of the auction however was
uneven. The steep reserve prices in the 700 MHz band made little economic sense for
operators to bid. Consequently, spectrum in the 700 MHz and 900 MHz bands remained
completely unsold. There was some demand in other bands and the government raised only a
fraction of the value of spectrum (at base price) it put on the block. Figures 3.1 and 3.2 present
the auction outcomes and the share of sold and unsold spectrum across the six auctions during
the period 2010 to 2016. Table 3.1 provides a summary of government revenue across the
auctions.

Wireless technologies require the use of frequencies that are scarce and have to be well
managed for optimal use. Improper use of frequencies can degrade the quality of service or
require large guard bands. In India allocating and managing spectrum has often been at the
core of disputes between the operators and the state. India has, over time, moved away from
the subjective administrative assignment to a market based auction mechanism to assign
spectrum under what may be called a ‘quasi-property rights’ regime. This means that the
operators’ rights to alienate the frequency are subject to various government-imposed
limitations regarding trading, leasing and use. By 2016, the spectrum management regime in
India had become much more flexible compared to the past.?® To a large extent these
measures helped address the twin problems of transparency and scarcity in the market for
spectrum in telecom.

Figure 3.1: Auction Outcomes (2010 —2016)
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26 Jain and Dara (2017)



Figure 3.2: Share of Sold and Unsold Spectrum (2010 — 2016)
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Table 3.1: Government Revenue Collections from Spectrum Auctions (2010 — 2016)

. Final Bid Amount
Auction Band (Rs. Crores)
May 2010 3G & BWA 1,06,262

November 2012 800 MHz & 1800 MHz 9,407

March 2013 900 MHz & 1800 MHz 3,640
February 2014 900 MHz & 1800 MHz 61,163
800 MHz, 900 MHz, 1800 MHz,
February 2015 2100 MHz 1,09,875
700 MHz, 800 MHz, 900 MHz, 1800
October 2016 MHz, 2100 MHz, 2300 MHz, 2500 65,789
MHz
Total 3,56,226

Source: Compiled by auther

On the other hand, auctions created an unintended consequence. Spectrum acquisition
increased costs to operators even in the face of significant competitive pressure from within
the sector. It also triggered consolidation. The number of operators has declined from a peak
of 12 operators per circle to an average of 5. In order to ease the pressure on operators the
government is considering moderation of spectrum trading rules and regulatory charges. The
financial stress on individual operators affects the appetite to invest in upgradation of
technology. TRAI has made recommendations on the next spectrum sale including airwaves



for deployment of 5G. While the final timelines for the auction are yet to be decided it is
expected that operators’ response to 5G spectrum is likely to be muted. The initial reactions
to the recommendations suggest that the reserve price for 5G spectrum set by TRAI is much
above the international benchmarks. In the following sections we evaluate the methodologies
used by TRAI to determine reserve price and illustrate international experience from recent
spectrum auctions.

4. Evaluating TRAI's Recommendations for Reserve Prices in the
Upcoming Spectrum Auctions

On August 1, 2018, the Telecom Regulatory Authority of India (TRAI) issued rules and prices
for the latest spectrum auctions in India including radio waves for 5G mobile services?’. The
recommendations include a discussion on the availability of spectrum, roll out obligations,
spectrum cap, block size, valuation and the reserve price of spectrum. Spectrum pricing is a
tool to promote its efficient use and maximise benefits to society. How regulators decide to
price mobile spectrum has a big impact on the evolution of mobile services in a country?®. The
market price of spectrum is to a large extent based on demand and supply of spectrum,
reflecting operators’ willingness and ability to pay for the amount put up for sale by the
government.® The method of price discovery i.e. the auction, its design and the
macroeconomic context in which it is held also have a bearing on the final result.

ITU validates four different methodologies for valuation of spectrum (i) price from previous
auctions duly indexed (ii) estimation the value of spectrum by assessing producer surplus on
account of additional spectrum (iii) valuation of spectrum using a production function approach
(iv) valuation of spectrum using a revenue surplus approach. Box 1 provides a brief description
of all four methods. In addition to these four methods, the Telecom Regulatory Authority of
India (TRAI) also uses a multivariate regression technique which uses the prices realized in the
previous auction as the dependent variable and several independent variables that explain that
price.

In any service area, the reserve price should be higher of the two — 80% of the average valuation
of the spectrum band using the 5 methods (above) or the indexed value of the price realised in
the October 2016 auction. In service areas where no spectrum was offered in 2016, reserve
price should be 80% of the average valuation of the 4 methods (excluding indexation). In
service areas where spectrum was offered in October 2016 but remained entirely unsold, the
reserve price should be lower of the figures — 80% of the average valuation of the 5 methods
or the reserve price as fixed in October 2016. Table 4.1 provides the recommended reserve
prices for the 1800 MHz band using these principles. We use this band as the anchor for our
analysis of TRAI’s methodology to determine reserve prices. The highlighted cells (in yellow)
are the recommended reserve price for spectrum in the 1800 MHz band. For 18 circles, reserve

27 https://main.trai.gov.in/sites/default/files/RecommendationsAuctionofSpectrum01082018_0.pdf
28 Effective Spectrum Pricing: Supporting Better Quality and More Affordable Mobile Services, GSMA (2017)
2% Methodologies for Valuation of Spectrum, Technical Report, ITU-T (2017)
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price is indexed to the previous auction outcome. In other words, only in four of the twenty
two circles does TRAI use an average of the valuation models to arrive at a reserve price.

Box 1: Methodologies for Valuation of Spectrum

Price from previous auctions duly indexedne of the methods that can be used for spectrum
valuation is the method of indexation. Indexation can use different rates

a) Base rateln many countries base rate is the interest rate used by banks or is used as a guide for
interest rate computation by borrowers linked to a base rate. It can be utilized to calculate the
present indexed value.

b) Weighted average cost of capital (WACRJACC is the minimum rate of return required to
create value for the firm. Investors of equity, debt, preference shares etc have sufficient reason
to continue investing in the firm if it earns a return equal to or more than WACC. As per ITU
guidelines an adequate return say 15% on capital employed can be applied to compute the present
indexed value.

c) Cost Inflation Index (Cll)Cost Inflation Index is calculated to match the prices to the inflation
rate. In simple words, an increase in the inflation rate over a period of time will lead to an increase
in the prices. It can also be used in indexation of the present value of spectrum purchased in the
past.

Producer Surplus Metho@n account of additional spectrum): Producer surplus is estimated when
additional spectrum is allocated to an existing TSP.

Producer surplus on account of additional spectrum ‘a’ MHz can be calculated as

(Present value of the expenditure on the network during the next ‘y’ years without additional
spectrum of ‘a’ MHz) — (Present value of the expenditure on the network during the next ‘y’
years with additional spectrum of ‘a’ MHz)

Production Function Appach: The production function gives the technological relationship
between quantities of physical inputs and quantities of output of goods. It is represented by following
equation - X= A y* z*

In this equation the dependent variable X can be the minutes of use/ number of subscribers. The
independent explanatory variable Y is the allocated amount of spectrum and Z is the number of Base
Transceiver Stations (BTSs) deployed by a service provider. The parameters o and B reflect the
percentage change in minutes of use for a percentage change in spectrum and BTS respectively.

Revenue Surplus Approachhe revenue surplus approach is based on the concept of net
present value It estimates the TSPs willingness to invest in spectrum based on their
projection of potential revenue or surplus over the license period.

Source:Methodologies for Valuation of Spectrum, Technical Report; TTR017
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Table 4. 1: Recommended Reserve Price for 1800 MHz Band (per MHz, in Rs. Crores)

ReserveMarket Percentage
LSA| Price | Price of Unsold | AP Last |Production Produc_tion Multip_le RevenuelAverage, 80% of
2016 | 2016 Spectrum (Indexed)| Surplus | Function |Regression/Surplus| (5) |Average(5)
in 2016
DL | 399 | 399 84 457.42 | 336.03 206.13 713.00 | 127.76 | 368.07 | 294.45
MU | 298 | 489 560.82 | 260.52 139.15 439.00 | 93.06 |298.51 | 238.81
KO | 149 | 151 0 173.28 75.07 36.41 95.00 28.24 | 81.60 65.28
AP | 243 | 243 45 278.58 | 147.62 91.03 489.00 | 161.96 | 233.64 | 186.91
GU | 238 238 12 272.85 208.18 73.33 423.00 84.23 | 212.32 | 169.85
KA | 185 100 162.55 95.56 152.45 | 136.85 | 109.48
MA | 318 318 0 364.56 237.52 105.07 726.00 | 145.74 | 315.78 | 252.62
TN 131.38 93.94 148.26 | 124.53 99.62
HA | 47 49 0 56.52 47.22 22.80 57.00 26.85 | 42.08 33.66
KE 83 83 70 95.15 101.58 46.93 192.00 | 125.25 | 112.18 89.75
MP | 83 83 10 95.15 167.09 64.25 112.00 71.42 | 101.98 81.59
PU 77 77 29 88.27 163.54 39.73 114.00 68.96 | 94.90 75.92
RA 91 92 0 105.36 153.34 65.97 110.00 64.24 | 99.78 79.83
UPE| 115 133 0 152.64 218.56 80.00 95.00 81.61 | 125.56 | 100.45
UPW| 96 100 0 114.99 | 109.73 60.03 79.00 50.96 | 82.94 66.35
WB | 46 46 4 52.73 59.55 46.53 48.00 35.81 | 48.52 38.82
AS 40 40 15 45.86 47.63 26.62 45.00 38.36 | 40.69 32.56
BH 62 62 3 71.08 244.28 75.73 90.00 66.53 | 109.52 87.62
HP 16 16 51 18.34 16.00 12.73 17.00 12.24 | 15.26 12.21
JK 13 13 24 14.90 32.37 22.78 14.00 21.60 | 21.13 16.90
NE 11 11 1 12.61 37.68 14.50 19.00 23.76 | 21.51 17.21
OR| 38 100 46.50 30.97 23.85 | 33.77 27.02

Source Compiled by authors from TRAI and other secondary sources
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Using the principles specified by TRAI means that the reserve price for most service areas in
the 1800 MHz band will be higher than the reserve price of the 2016 auction. Since the reserve
price is linked (indexed) to the market discovered price of the previous auction, the underlying
expectation is that market conditions are either likely to remain the same or improve over the
course of the period for which spectrum is been assigned. Whatever it is, it is a matter that the
market ought to determine, rather than being embedded into the reserve price ex-ante. For
example, the recommended reserve prices for Kolkata and Mumbai are 2.31 and 2.05 times
higher, respectively, than their reserve prices during the 2016 auction.*® In the following
subsections we highlight some issues related to the method of determining reserve prices in
India. The analysis focuses on significant statistical variations across different methods,
economic reasoning for choice of rate and variations in estimation of reserve price across
circles.

4.1 The Problem with Averages

The reserve prices are derived using a simple average of the various methods listed above.
Table 4.1 shows the significant variation in valuation across methods. For example estimates
using the multiple- regression method is significantly higher than the other methods for many
service areas. In the absence of details on the method and data used it is hard to comment on
the reasons that cause such significant variations. However, given the valuations, the use of
mean (average), as a measure of central tendency to determine reserve prices is tricky . There
is a disproportionate impact of the outliers on the average value. In a normally distributed
sample, the mean is the preferred measure of central tendency because it includes all values in
the data set for its calculation, and any change in any of the scores will affect the value of the
mean®l. When the data is skewed, the median is generally considered to be better or in other
words, when data is non-normal, it is customary to use the median instead of the mean.3 Table
4.2 reports the Coefficient of Variation (COV) using the mean across the five estimates for

30 See Table A2 in Appendix

31 Mean — The arithmetic mean or average is calculated by summing up the numbers in a set and divide the sum
by the total count of numbers.

Median — The median is the middle number in a sequence of numbers.

Variance — It is a measurement of the spread between the numbers in a data set. It measures how far each number
in the set is from the mean. It is calculated by taking the differences between each number in the set and the mean,
squaring the differences, and dividing the sum of the squares by the count of the number of values in the set.
(Source- https://www.investopedia.com/terms/v/variance.asp)

Standard Deviation — It measures the dispersion of a data set relative to its mean and is calculated as the square
root of the variance. If the data points are farther from the mean, there is higher deviation within the data set
implying that the more spread out the data, higher is the standard deviation. (Source -
https://lwww.investopedia.com/terms/s/standardd@nzasp)

Coefficient of Variation — It is calculated by dividing the standard deviation by the mean/ expected value. It also
measures the dispersion of data points in a data series around the mean and is a useful statistic for comparing the
degree of variation from one data series to another, even when the means of the two series are drastically different.
(Source- https://www.investopedia.com/terms/c/coefficientofvariation.asp)

32 See Table A3 in Appendix for a list of measurement scales, the measures that can be used and the best measure

of central tendency for each of the measurement scales.
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each service area. The high values of COV imply that the estimates using different methods of
valuation vary over a wide range.

Table 4.2: Calculations of Spectrum Reserve Price (Rs. Crores per MHz) in the 1800
MHz Band (Mean Versus Median)

Mean (Ba_lsed Median l\/cl:e 2;/(;’;;: q Mean - Median
Service Area on the Five (Based on the on the Five (_Based on the
methods of | Five methods Five methods of
estimation) |of estimation) me_thod_s of estimation 5)
estimation)

Delhi 368.07 336.03 0.63 32.04
Mumbai 298.51 260.52 0.66 37.99
Kolkata 81.60 75.07 0.71 6.53

Andhra Pradesh 233.64 161.96 0.68 71.68
Gujarat 212.32 208.18 0.68 4.14
Karnataka 136.85 152.45 0.26 -15.60
Maharashtra 315.78 237.52 0.79 78.26
Tamil Nadu 124.53 131.38 0.22 -6.85
Haryana 42.08 47.22 0.39 -5.14
Kerala 112.18 101.58 0.47 10.60
Madhya Pradesh 101.98 95.15 0.40 6.83
Punjab 94.90 88.27 0.50 6.63
Rajasthan 99.78 105.36 0.37 -5.58
Uttar Pradesh (E) 125.56 95.00 0.48 30.56
Uttar Pradesh (W) 82.94 79.00 0.35 3.94
West Bengal 48.52 48.00 0.18 0.52
Assam 40.69 45.00 0.21 -4.31
Bihar 109.52 75.73 0.69 33.79
Himachal Pradesh 15.26 16.00 0.18 -0.74
Jammu & Kashmir 21.13 21.60 0.35 -0.47
North East 21.51 0.47 2.51
Orissa 33.77 0.34 2.80

SourceAut hor s o6

c al

cul ati ons
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4.2 TheUse of MCLRor Indexation

TRAI uses the Marginal Cost of Funds based Lending Rate (MCLR) to index values of
previous auctions. MCLR is the lending rate based on the cost of raising new funds for a bank
which includes the cost of maintaining CRR/SLR and operating costs including tenor premium.
MCLR or any other lending rate is primarily used to arrive at net present value of projects. RBI
introduced the MCLR in the fiscal year 2016. RBI is itself reviewing the MCLR system. While
the use of base rates is not uncommon for the determination of spectrum prices based on
indexation, it does not reflect changes in price levels either in the economy or in the sector. A
better method would be to use a telecom price index, if available or the consumer price index
(CPI). Alternatively, TRAI could consider studying price changes in the telecom sector.
Ofcom, UK extensively researches on pricing trends for communication services using data on
consumer preferences, usage levels, contract lengths, promotional prices, etc.

4.3 Relating to Outcomes d Previous Auctions

The auction guidelines laid out by TRAI in 2010 stated that the auction of a band, if conducted
in less than a year of any previous auction, would not require revision in reserve prices.
However, if a period of one year lapses, the reserve price would be indexed using the State
Bank of India‘s Prime Lending Rate (PLR) (sic). In 2013, TRAI stated that using existing
reserve prices from a previous auction requires (i) spectrum to be identical (ii) auctions to be
held very close in time so that the market and macro-economic conditions don’t change
materially. There is inconsistent application of these principles across different telecom circles.
In 2015, the auction of 1800 MHz in the Gujarat and Punjab circles yielded similar results. For
both circles, the market price was equal to the reserve price and no spectrum remained unsold.
In determining the reserve price for the auction of 2016, the reserve price for 1800 MHz for
Gujarat was equal to its market price in 2015, while in Punjab, the reserve price was revised
upwards from the market determined price of 2015. There are other examples from the 2016,
2015 and 2014 auctions where there are inconsistencies in determination of reserve price for
comparable outcomes in the previous auction. Some examples are summarized in Table 4.3
below.
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Table 4.3: Examples of Inconsistencies in Determination of Reserve Price Based on
Previous Auctions

Unsold Guijarat- RP = MP in 2015, and no
. . spectrum was unsold and RP (2016) = MP
LSA Reserve Price |Market Price |Spectrum (%) (2015)

2015 12016 | 2015 2016 | 2015 2016 Punjab- RP = MP in 2015 and no spectrum

Guijarat 238 238 238 238 0 1.6 was unsold, but RP (2016) was revised
: upwards from MP (2015)
Punjab 71 77 71 77 0 4.4
Unsold Haryana- MP > RP in 2015, no spectrum

LSA  |Reserve Price |Market Price |Spectrum (%) | | o unsoldand RP (2016) = MP (2015)

2015 | 2016 |2015 |2016 |2015 2016 UP East- MP > RP in 2015, no spectrum
was unsold, but RP (2016) > MP (2015)

UP (East) 97 115 107 133 0 0
Haryana 32 47 47 49 0 0
Unsold Kolkata- RP = MP in 2014, 28% spectrum

LsA  |Reserve Price |Market Price |Spectrum (%) | | &S unsold. RP (2018)=MP (2014)

2014 |2015 |2014 |2015 |2014 | 2015 | | NorthEast RP=MPin 2014, 19%
spectrum was unsold, but RP (2015) > MP

Kolkata 73 73 73 149 28 0 (2014)
North East 7 11 7 11 19 10
Unsold Haryana- RP = MP in 2012, 45% spectrum

LSA  |Reserve Price |Market Price |Spectrum (%) | | "3 unsold butRP (2014) <MP (2012)

2012 |2014 |2012 |2014 |2012 | 2014 | | Maharashtral RP =MPin 2012, 45%
spectrum was unsold, but RP (2014) > MP
Haryana 37 27 37 27 45 49 (2012)

Maharashtra | 43 50 43 50 45 0

Source Compiled by authors

It is tautological that the price operators are willing to pay for spectrum should reflect its value
to them. A proxy of value is the revenue per circle. One test would be estimate the correlation
between spectrum price and circle revenue as a surrogate of value. Accordingly, we run
correlations between circle revenue and corresponding prices, reserve and market for each
spectrum auction over the period 2012 to 2016. We also estimate the correlation between the
reserve price for upcoming auctions with the March 2018 revenues for each circle (there is no
market price yet). We find a positive correlation of about 50 % for most years, with the
exception of 2015 which is 0.81. Interestingly for the upcoming auctions it is the lowest,
implying least association with the underlying value of spectrum. Any distortion might be
expected to be corrected during the bidding process that addresses information asymmetries
among other failures. In other words, the correlation between revealed market prices and
ARPU should be higher than that between reserve prices and ARPU. Our results do not support
this hypothesis. One explanation could be the absence of successful auction outcomes over the
years, with the exception of 2015. Most auctions saw large proportions of unsold spectrum,
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and market prices which were rarely over the reserve prices. The process of price discovery
gets impeded if reserve price is fixed very high.

Table 4.4: Correlation between Revenue and Reserve Price for the 1800 MHz Band

Upcoming | 5 2015 2014 2012
Auction
Correlation b/w Revenue | - 4 0.55 0.81 057 0.55
and Reserve Price
Correlation b/w Revenue
and Market Price 0.48 0.78 0.57 0.69

Sourcee Aut horsdé cal cul ati ons

An alternate method to capture variations between price and its underlying value is to estimate
the Coefficient of Variation (COV) and compare across auction prices and revenue. As
discussed above COVs measures the dispersion around the central value of a distribution. The
COV for revenues is much lower than that for reserve prices and market prices®3. This implies
that the earnings across circles are more likely to converge than reserve prices and market
prices. The estimated COVs for revenues are in a tight range for all periods, while that for
prices are volatile. A striking feature of spectrum prices in India, reserve and market
discovered, has been the wide variation in price per MHz. This is true of other countries, but
in India price paid for similar spectrum is higher on avaerage3. In the next section we look at
case studies from different parts of the world for lessons on effective design of spectrum
auctions.

3 For a like to like comparison we only include data on Revenue and Prices for Circles where spectrum was put
up for auction
% Op Cit, 27
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Table 4.5: Comparing COVs across ARPU, Reserve Price and Market Price for Spectrum Auctions in India

Coefficient| o oo | 99 NA 057 0.89 098 | 056 | 079 073 | 056 | 1.03 103 | 055 | 126 | 1.06
of Variation
Average | 3677.11 | 14926 | NA  |546854| 12610 | 139.11 |5786.42| 9500 | 109.27 |5289.02| 103.18 | 103.18 |4020.78| 127.27 | 77.11
Standard
o 212309 | 14820 | NA [310450| 11170 | 13676 |325662| 7479 | 7978 |2946.20 10668 | 106.68 |222393| 160.01 | 8148
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5. Cross - Country Experiences

This section provides a glimpse into the experiences of spectrum auction models adopted by
different countries in the world. While some countries have seen successful auction outcomes,
there are others that ended in non-participation of bidders or cancellation of auctions. Others,
that managed to generate revenue, impacted the growth of the sector, with negative
implications for broader economic growth. In the subsections we illustrate broad trends in
spectrum auctions drawing on specific instances

5.1 Universal Mobile Telecommunication Services (UMTS)Auctions in Europe
in 2000

In March 2000, UK auctioned five 3G licenses as illustrated in Table 5.1 below. Additionally,
four blocks of unpaired (56MHz) spectrum were also auctioned using SMRA. Vodafone, BT
Cellnet, One20ne, and Orange were the four facilities-based providers that were allowed to
bid for any of the licenses from B to E. License A was set aside for a potential new entrant. No
bidders were allowed to acquire more than one license®. The sale of spectrum was prohibited
in secondary markets at the time of the auction, rendering the 3G licenses non-tradable®. The
minimum opening bids are provided in Table 5.2

Table 5.1: Bandwidth in MHz for each License

A B C D E
Fellite 2 x 15 2 x 15 2x 10 2x 10 2 x 10
Spectrum
Unpaired 5 0 5 5 5
Spectrum
Total 35 30 25 25 25

Source: The Auction of Radio Spectrum for the Third Generation of Mobile Telephones; Report
by theComptroller and Auditor General Hc 233 Session 20002: 19 October 2001

Table 5.2: Minimum Opening Bids (million £)

A B S D E
125 107.1 89.3 89.3 89.3
Source: The Auction of Radio Spectrum for the Third Generatigiobile Telephones; Report
by the Comptroller and Auditor General Hc 233 Session ZIR: 19 October 2001

% The license terms also were technology specific, restricting use to the UMTS 3G mobile phone standard. There
were no restrictions on the size of the entities who could bid on the set aside. Crandall and Ingraham (2007).
3 In 2011, Ofcom eliminated the prohibition on trading 3G licenses
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The UK 3G auction that began on 6™ March 2000 witnessed 150 rounds of bidding over seven
weeks and was concluded on 27" April 2000. The auction raised £22.5 billion in revenues and
became the largest auction in UK’s history®’. TIW (backed by Hutchison and operating under
brand name “3UK”) won the set aside license for new entrants. The final winners and prices
paid are illustrated in Table 5.3

Table 5.3: UK 3G Auction Outcomes

A B C D E
PENEE 2x 15 2x 15 2x10 2x10 2x 10
Spectrum
Unpaired 5 0 5 5 5
Spectrum
Price Bidder T/W(3UK) \odafone BT 121 Orange
Pr('gﬁﬂ?'d 4,385 5,064 4,030 4,004 4,095
£M/MHz 292 398 403 400 410

Source: The Auction of Radio Spectrum for the Third Generation of Mobile Telephones; Report
by the Comptroller and Auditor General Hc 233 Session ZHIP: 19 October 2001

The market saw fierce competition in the decade after the auction. 3UK was unable to generate
profits until 2010 and struggled to survive the market®. T-mobile and Orange merged to create
Everything Everywhere in 2010. At present there are three major players — Vodafone, O2,
Everything Everywhere; and 3UK with a small market share of five to ten percent.®® Network-
sharing agreements have led to consolidation among network infrastructure groups. EE and
H3G is one group while Vodafone and O2 is the other group.

The 3G auction in Germany began on July 31, 2000 and lasted until August 17, 2000 over 173
rounds of bidding. While 12 bidders registered to participate, five withdrew before
commencement and one was disallowed by the regulator. The 7 bidders included four
incumbents T-Mobil, Mannesmann-Vodafone, E-plus, and Viag Interkom and three new
entrants Mobilcom, Debitel and Group 3G. The auction designed using the SMRA format,
began with cautious bidding but ended up with a total revenue sale of approximately Euro 50
billion. In some cases bidding went up by 92 times of the opening bid values.

New firms failed to enter the German mobile market through the auction process. Both
Mobilcom and Group 3G were unable to deploy spectrum they won at the auction. Group 3G
exited from the market in 2002 and Mobilcom returned its 3G license to the German regulator
in 2003. The 3G auctions failed to alter the market structure; it continued to be serviced by
four network operators.

37 Cramton (2001)

38 BBC News, “Li Ka-shing’s Hutchison finally sees 3G profits,” March 29, 2011.

3% European Commission, Case No COMP/M.5650 - T-MOBILE/ ORANGE, pp. 9, 13, 14, 15, 16

40 The Register, “O2, Vodafone allowed to hop onto each other's towers,” October 1, 2012, available at
http://www.theregister.co.uk/2012/10/01/02_voda/
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While the outcomes from both auctions were similar, the English design broke down the
available 60 MHz of paired spectrum into 5 fixed licenses while the German design broke down
the available supply into individual blocks and allow bidders to aggregate these blocks into 5
or 6 licenses. The German design resulted in more competition and potentially higher
revenue*!. Austria also adopted the German design and achieved higher levels of competition
in the market with three new entrants. However, the revenue collection from the auction was
low. Other countries such as Netherlands, Italy and Switzerland used the English design for
auction of their UMTS license and spectrum.

The common mistakes to guard against in auction design is to eschew the temptation to
set excessive reserve prices, releasing little spectrum and creating artificial scarcity or
designing bad award rules.*? Both the German and UK auctions illustrated above began the
competitive process using modest reserve prices. However, perceptions of the values of 3G
licenses did fall dramatically over the course of the auctions. Analysts predicted that values in
2001 were around one-tenth of the levels predicted the year before. Companies participating in
the French auction in 2001, which was relatively reasonably priced, pulled out after spending
more than $100 billion on 3G licenses the year before in Germany and U.K.*3

5.2 Using Set Asidesin Spectrum Auctions

Regulators are empowered to make a judgment in what are sometimes fluctuating market
conditions. One gratuitous piece of advice to them is not to aggravate these. The instruments
available to them include set-asides, bidding credits, spectrum caps, band plan, etc. In this sub-
section we focus on the use of set-asides in spectrum auctions across different countries. In
several instances of spectrum auctions in US, UK and Canada, the regulator reserves one or
more blocks of spectrum for a new entrant. This approach is effective in increasing competition
but it may result in entry by firms with higher costs and less attractive offerings than
incumbent*. European auctions demonstrated that spectrum set-asides are inconsistent with
the efficient allocation of spectrum.®.

In 2008, Canada auctioned 90MHz of Advanced Wireless Spectrum (AWS) in the 2GHz band,
10MHz of Personal Communication Services (PCS) Band and 5MHz in the 1670-1675 MHz
band. 27 bidders submitted qualifying applications but only 21 bidders actively participated in
the auction. This included nationwide incumbents Rogers, Bell and Telus and several new
entrants that were providers of allied services such as fixed line, Cable TV, etc.

The license blocks were partitioned into either 14 tier 2 licenses (basically larger economic
regions) or 59 tier 3 licenses (smaller metropolitan regions). 40MHz of AWS spectrum was set
aside exclusively for those firms labeled as new entrants, while the rest of the spectrum was

41 Grimm and Wolfstetter (2001)

42 Kelmperer (2002)

43 https://www.forbes.com/2001/01/25/01253gauc.html#c4300be770dd
4 Cramton et al. (2011)

45 Crandall and Ingrahaig2007)
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open to all bidders.46 The set aside constraint was intended to spur entry of new operators. The
auction followed a simultaneous multiple round format*’. After 331 rounds of bidding over 39
days, 282 of the 292 licenses (including the entire AWS spectrum) were sold, with 15 different
bidders winning licenses. The auction generated approximately $4.25 billion — an amount that
nearly tripled initial expectations of $1.5 billion. Analysts observed that the AWS auction’s
set-aside rule discriminated against incumbents with predictable demand*®. Entrants bid on the
spectrum outside the set-aside resulting in higher payouts for incumbents. It was also
established that a set aside was unnecessary for domestic entrants. The auction results are
summarized in Table 5.4 below.

Table 5. 4: Outcomes of the Canadian Auction of AWS Spectrum, PCS Expansion Band
and 1670-1675 MHz

PCS 1670-

AWS Spectrum(90MHz) Expansion 1675

band MHz

Block A B C D E F G |

MHz 20 20 10 10 10 20 10 5
Tier 3 2 2 3 3 3 2 2

Spectrum Open S/IA | SIA | SIA | Open | Open Open Open
Licenses 59 14 14 59 59 59 14 14
Sold 59 14 14 59 59 59 12 6

Price/ 167 | 121 | 1.35 | 127 | 1.72 | 1.01 0.26 0.11

(MHzxpopulation)

Source Ef fi ciency or Competition? A Structural
Auction and the Seiside Provisiof?

5.3 The Rise of Combinatorial Clock Auctions

The Combinatorial Clock Auctions (CCA) format was proposed by Ausubel, Cramton and
Milgrom (2006) to overcome the shortcomings of the SMRA. Under SMRA, an individual lot
refers to a specific frequency band in a specific geographic area, and multiple such lots are
auctioned simultaneously in a series of rounds. Under CCA participants bid on generic lots of
spectrum rather than individual lots and the band plan for any frequency is determined after the

46 New entrants were defined as those bidders who had less than 10% of the national market by revenue. In effect,
this rule excluded the three large national wireless operators (Bell, Telus and Rogers) while at the same time
allowed two much smaller regional incumbents, SaskTel and MTS, to bid in the set-asid

47 Before the auction began, each bidder submitted a deposit, which gave bidders eligibility points in proportion
to the size of their deposit. Each license had a number of eligibility points associated with it. In each round,
bidders would place bids on a subset of the available licenses at the going price up to their maximum eligibility,
subject to the rules of the set-aside. An activity rule forced bidders to place bids on a certain percentage of their
total eligibility, or else they would lose eligibility in subsequent rounds.

48 Newcrest, “AWS Spectrum Auction Winners and Losers,” Equity Division of TD Securities, July 10, 2008;
Waverman and Dasgupta (2011)

49 Hyndman and Parmeter (2014)
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auction.[ The compelling motivation for the use of CCA is the presence of complementarities
among the components on offer?. CCA helps overcome a classic risk of being stuck with an
unwanted subset of the target package as well as the winner’s curse. CCA was used for at least
ten major auctions during the period 2012 to 2016. These include the auction of 1700 MHz in
Mexico (2016), 2500 MHz in Canada (2015), 700 and 2500 MHz in Australia (2013), 800 and
2600 MHz in UK (2013), 800 MHz in Denmark (2012), etc.l®l The CCA typically operates in
two integrated phases. The first is a clock phase, in which the auctioneer announces clock prices
for each frequency band. The supplementary round is a simultaneous bid round, when bidders
express a bid for all packages, subject to some constraints. Most auctions also include a third
(assignment) phase where specific location in a spectrum band is allocated.

The CCA is a relatively complicated auction model that has benefits that may compensate for
the elaborate design. If well understood, it simplifies bidding as the scope for strategic bidding
is rather limited™. Examination of bidding behavior in CCA reflects a striking degree of
heterogeneity among participants. For example, in the Canadian auction of 700 MHz in 2014,
of the three most active bidders, two (Bell Canada and Telus) submitted final bids for a large
number of different license packages (close to 500) at essentially the maximum amount allowed
by the activity rules, whereas the third (Rogers), which ended up paying much more for the
licenses it won, submitted only a single final round bid, with which it increased its bid for its
winning package.

While CCA is arguably better than the simultaneous ascending auctions, it is complex and
requires a high-level of bidder sophistication. It can also result in widely varying prices
depending on the strategies adopted by bidders.

5.4 Trends in 5G Auctions

With 24.5 million people expected to be subscribed to at least one 5G service by the end of
2021%° and an astounding 1.1 billion by 2025°, the next generation of mobile services is likely
to transform consumer experiences and business utility across the world. The successful rollout
of 5G services relies on timely access to the right amount and type of spectrum. Governments
across the globe, including India have started preparing for allocation of 5G spectrum.
Spectrum in the frequency range 3300 to 4200 MHz is likely to emerge as the primary band
for 5G. The US Federal Communications Commission has assigned 2800 MHz, 3700MHz and
3900MHz for deployment of 5G. China’s frequency plan for 5G includes 3300-3400 MHz,

(41 Levin, J. and Skrzypacz, A. 2016.Properties of Combinatorial Clock Auctions, American Economic Review,
106(9)” 2528-2551

(21 Cramton, P. Shoham, Y. and Steinberg, R. 2005. Introduction to Combinatorial Auctions, MIT Press Available
at http://www.cramton.umd.edu/papers2000-2004/cramton-shoham-steinberg-introduction-to-combinatorial-
auctions.pdf

[3] Mochona,A. and Saez, Y. 2017. A Review of Radio Spectrum Combinatorial Clock Auctions,
Telecommunications Policy 41 (2017) 303-324

[4] Janssen, M. and Karamychev, V. 2013. Gaming in Combinatorial Clock Auctions Available at
https://pdfs.semanticscholar.org/358e/fe6cbde5088d57ed3e91eb8f91f6eebd 782f. pdf

50 5G adoption will be faster than any previous technology, Service Provider Markets, Ovum (2017)

1 The 5G era: Age of boundless connectivity and intelligent automation, GSMA (2017)
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3400-3600 MHz and 4800 — 500 MHz. The official bands declared for 5G in Japan are 3700
MHz, 4500 MHz and 2800 MHz.

A total of 45 countries are either formally considering introducing certain spectrum bands for
terrestrial 5G services, holding consultations regarding suitable spectrum allocations for 5G,
have reserved spectrum for 5G, have announced plans to auction frequencies or have already
allocated spectrum for 5G use. Of these, sixteen countries have announced formal plans for
allocating 5G suitable frequencies by the end of 2020 and thirteen countries have announced
formal plans for allocating technology-neutral frequencies between now and the end 2020,

The Federal Communications Commission (FCC) of the United States has recently undertaken
a range of activities including spectrum auctions in the 28 GHz (27.5-28.35 GHz) and 24 GHz
bands (24.25-24.45 and 24.75-25.25 GHz). In early November 2018, 40 bidders had qualified
for the 28 GHz auction; they received 58 complete applications for the subsequent 24 GHz
auction. In total, the FCC intends to release almost 5 GHz of spectrum to the market in the next
15 months, which is more the entire spectrum held by mobile operators currently.

The auction of licenses in the 28 GHz band will employ the standard simultaneous multiple
round auction format. The 28 GHz licenses will be offered in two 425 MHz blocks by county.
The auction of the 24 GHz band will employ a clock auction format, beginning with a clock
phase that will allow bidding on generic blocks in each partial economic area in successive
bidding rounds. There will then be an assignment phase to allow winners of the generic blocks
to bid for frequency-specific license assignments. The 24 GHz licenses will be offered in seven
100 MHz blocks®:.

Additionally in December 2018, FCC announced an incentive auction covering spectrum at 37
GHz (37.6-38.6 GHz); 39 GHz (38.6-40 GHz) and 47 GHz (47.2-48.2 GHz) in order to free
up more spectrum for 5G. Under this format existing rights holders in those bands can choose
either to relinquish their rights in exchange for a share of the auction revenue or alternatively
receive modified licences after the auction, consistent with a new band plan and service rules.
Auctions are planned towards the end of 2019. Auctioning the 37 GHz and 39 GHz bands
together presents a critical opportunity for 5G deployment as it represents the largest amount
of contiguous spectrum available in the millimeter-wave bands.

Table 5.5 provides details of format for countries where 5G auctions have already been
concluded. These are all events in 2018. It also provides the status of decisions on allocation
including date for spectrum auctions across a wide variety of countries.

52 Spectrum for Terrestrial 5G Networks: Licensing Developments Worldwide, GSA (2019)
53 https://betweenrockandhardplace.wordpress.com/2018/11/15/usa-fcc-starts-auctioning-5g-spectrum/
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Table 5.5: Status of 5G Auctions as on November 2018

Country

Australia

Spectrum Band
3575-3700 MHz

Auction Award/ Date

ConcludedDecember 2018
(Enhanced SMRA)

Italy

700 MHz
3600-3800 MHz and 26 GHz

ConcludedSeptember 2018
ConcludedOctober 2018(SMRA)

South Korea

3420-3700 MHz and 26.5-28.9 GHz

Concluded June 2018 (SMRA)

Spain 3600-3800 MHz Concluded July 2018 (SMRA)

Ireland 3600 MHz Concluded 2017 (SMRA)

Finland 3410-3800 MHz, ConcludedOctober 2018 (SMRA

with switching)
UK 3400 MHz Concluded in 2018 (SMRA)
UAE Allocated two lots of 100 MHz in 3300 Concluded in 2018
MHz to 3800 MHz range to enable
investment
Recent awards/allocations of potentially 5G-suitable spectrum (2015 onwards)

Czechia 3600-3800 MHz July 2017

Germany 700 MHz 2015 (spectrum available from
2019)

Greece 24.5-26.5 GHz 2017

Norway 900 MHz 2017

Saudi Arabia 700 MHz, 800 MHz, 1800 MHz 2018

Slovakia 3600-3800 MHz 2017

Spain 3.5 GHz 2016

Sweden 700 MHz December 2018

Tanzania 700 MHz June 2018

Thailand 850 MHz, August 2018 (not all blocks sold)

1800 MHz 900 MHz October 2018
USA* 600 MHz 2017

Confirmed 5G auctions and their dates 2018 to 2020 (excludes test/interim licences)

Australia 24.25-27.25 GHz (subject to Q3/4 2020/ Q1/2 ACMA
consultation) FT2020/21
Austria 3400-3800 MHz February 2019
Austria 700 MHz, 1500 MHz, 2100 MHz Q2 2019 at the earliest
Belgium 700 MHz; 3400 3800 MHz; 1500 MHz 2019
(SDL)
Canada 3450-3650 MHz 2020
France 3400-3800 MHz 2019
Germany 1920-1980 MHz/2110-2170 MHz and Spring 2019
3400- 3700 MHz
Greece 3400-3800 MHz 2019
Hungary 700 MHz; 3400 3800 MHz Q32019
Japan 3.6-4.2,4.4-4.9 and 27-29.5 GHz 2019
Mexico 600 MHz 2020
Netherlands 700 MHz; 1400 MHz; 2100 MHz Late 2019/ early 2020
Poland 700 MHz 2020
Romania 700 MHz 2019
3400-3800 MHz 2019
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Country

Spectrum Band

Auction Award/ Date

26 GHz 2021
Spain 700 MHz 2020
Sweden 2300 MHz and 3400-3800 MHz 2019
Taiwan 3400 MHz; 3600 MHz; 28 GHz 2020

Other planned auctions for potentially 5G-suitable bands 2018 to 2020 (excludes test/ interim

licences)
Albania 800 MHz 2019
Brazil 700 MHz; 2019
2300-2400 MHz;
3400-3600 MHz
Canada 614-698 MHz Applications to participate received,;
completion in March 2019
Canada 3500 MHz 2020
Czechia 700 MHz; 3500 Anticipated 2019 (700 MHz to be
MHz released 2020)
Colombia 700 MHz; 1900 Tentatively 2018
MHz
Ghana 800 MHz Tender underway, due to complete
December 2018
Hong Kong 900 MHz and December 2018
1800 MHz
Hong Kong 3300-3400 MHz; 2019
3400-3600 MHz;
4830-4930 MHz;
24.25-28.35 GHz 2019
Malaysia 700 MHz Originally expected in 2018
Norway 700 MHz; 2100 Autumn 2019
MHz
South Africa 825-830 and 2019
870-875 MHz
Switzerland 700 MHz; 1400 Invitation to tender under way,
MHz; 3500-3600 auction due to complete January
MHz; 3600-3800 2019
MHz; 2600 MHz
Thailand 1800 MHz (blocks unsold in August Early 2019
2018 auction)
Thailand 700 MHz 2019
Thailand 2600 MHz By 2020
USA 24 GHz; 28 GHz 2018
(unassigned (underway)
licenses); 2500
MHz
USA 37 GHz, 39 GHz, 2019
47 GHz

Source: Compiled from GSA December26dport
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6. Conclusions and Recommendations

The primacy of telecommunications in present day India cannot be overstated. Smartphone
users in India are projected to reach 829 million by 2022, from 404.1 million in 2016.>
However, supply side constraints may dent this projected growth trajectory. Spectrum is a
crucial part of telecom infrastructure and its allocation impacts the growth of mobile services
and its spillover benefits to the overall economy. Spectrum management policies in India have
evolved towards market-based approaches. Since 2010, the Department of
Telecommunication has almost uniquely applied the auction-based method for spectrum
allocation. Over the six auctions held during the period 2010 to 2016, the government has
auctioned only sub-sets of the total frequencies and the average reserve price in every
subsequent auction has witnessed an upward revision. The outcomes for most spectrum
auctions are discouraging. There is a lack of enthusiasm among operators due to unrealistic
pricing. As a corrective measure in the upcoming auctions the regulator has proposed a steep
cut in the reserve price of the 700 MHz band, which saw no demand in the previous auctions
and has also recommended making the entire spectrum available for auctions.>®

However, our analysis in Section 4 on the pricing of the 1800 MHz band finds that a bulk of
the reserve prices not only continue to remain high, there are also inconsistencies in the
principles applied. TRAI has placed immense value on the bid price of previous auctions.
This method does not always account for changing market conditions or operator
circumstances even if the gap between two subsequent auctions is not significant. The indexed
value does not account for supply of spectrum in past auctions, number of bidders, status of
bidders (expiring license), and fragmentation of spectrum offered etc.>® Empirical literature
on the subject suggests that the financial burden of spectrum acquisition impacts the ability
of operators to invest in technology upgradation, the costs of which are ultimately borne by
the consumer.

Designing spectrum auctions are always fraught with risk. The over reliance on reserve prices
may not necessarily yield successful market outcomes. There are several other factors that
influence auction outcomes such as bidder turnouts, market conditions and choice of
auctioning agent.>” The auction design is also crucial. India currently follows a Simultaneous
Multi-Round Ascending Auction (SMRA) which, while providing the option of price
discovery, also poses an aggregation risk.>® As illustrated in Section 5, Combinatorial Clock
Auctions (CCA), are a popular alternative as they avoid aggregation risks and are arguably
more efficient. However, they are complex and require sophisticated bidder participation.

54 https://inc42.com/buzz/smartphone-users-in-india-to-double-by-2022-says-report/

%5 https://www.businesstoday.in/sectors/telecom/trai-5g-spectrum-auction-price-cut-telecom-
operators/story/280896.html

%6 https://www.linkedin.com/pulse/why-current-method-calculating-reserve-price-needs-improve-parag-kar/

57 Seow, Ong, Lusht Kenneth, and Mak Chee. "Factors influencing auction outcomes: bidder turnout, auction
houses and market conditions." Journal of Real Bsite Researcd7, no. 2 (2005): 177-192.

58 Aggregation risk is the risk that a bidder might win an unprofitable subset of its desired package if there are
complements between the lots.
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Many countries use a combination of formats for auction of spectrum. A cookie cutter
approach may not always work.

Spectrum auctions in India should try to balance transparency in allocation and revenue
expectations for the government. Setting high reserve prices could actually reduce
government revenue and stifle sector growth. Building trust between operators and
government is crucial for the long run viability of the sector. This deficit needs to be bridged,
now.
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Appendix

Table Al: Bands Auctioned and Auction Outcomes (2010 — 2016)

Sr. No. Year of Auction Bands Auctioned Outcome
1. 2010 2100 MHz and 2300 MHz Both bands were completely sold.
2. 2012 1800 MHz and 800 MHz Only 1800 MHz was (partially)
sold.
3. 2013 800 MHz, 900 MHz and 1800 | Only 800 MHz was (partially)
MHz sold.
4. 2014 900 MHz and 1800 MHz Both bands were (moderately)
sold.
5. 2015 800 MHz, 900 MHz, 1800 | All bands were (moderately)
MHz and 2100 MHz sold.
6. 2016 700 MHz, 800 MHz, 900 | All bands except 700 MHz and
MHz, 1800 MHz, 2100 MHz, | 900 MHz were (partially) sold.
2300 MHz and 2300 MHz

Source http://wpc.dot.gov.in/WriteReadData/Orders/auction_analysis.pdf

Table A2: Reserve Prices for Upcoming Auction and Markup over Last Auction’s
Market Price

LSA Rgsr?(:;/e NILT_:::t Last [Production Produc_tion Multip_le Revenue|Average| 80% (I\ITIZX 2 Div
2016 | 2016 (Indexed)| Surplus | Function |Regression|Surplus|(3to7)| of 8 3&9) By 9

1 2 3 4 5 6 7 8 9 10 11

DL | 399 399 | 457.42 336.03 206.13 713.00 | 127.76 | 368.07 [294.45/457.42| 1.36
MU | 298 489 | 560.82 260.52 139.15 439.00 93.06 | 298.51 [238.81/560.82| 2.05
KO | 149 151 173.28 75.07 36.41 95.00 28.24 | 81.60 [65.28|173.28| 2.31
AP | 243 243 | 278.58 147.62 91.03 489.00 | 161.96 | 233.64 |186.91278.58| 1.30
GU | 238 238 | 272.85 208.18 73.33 423.00 84.23 | 212.32 |169.85]272.85| 1.40
KA | 185 162.55 95.56 152.45 | 136.85 (109.48(109.48 0.00
MA | 318 318 364.56 237.52 105.07 726.00 | 145.74 | 315.78 |252.62[364.56| 1.26
TN 131.38 93.94 148.26 | 124.53 [ 99.62 199.62 | 0.00
HA | 47 49 56.52 47.22 22.80 57.00 26.85 | 42.08 |33.66|56.52| 1.46
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LSA R;Sr?(::e '\ﬁ:::t Last |Production Produc_tion Multip_le Revenue|Average| 80% (|5|I:1X 2 Div

2016 | 2016 (Indexed)| Surplus | Function |Regression|Surplus|(3to7)| of 8 3&9) By 9
KE| 83 83 95.15 101.58 46.93 192.00 | 125.25 | 112.18 [89.75|95.15| 0.92
MP | 83 83 95.15 167.09 64.25 112.00 | 71.42 | 101.98 |81.59|95.15| 1.02
PU | 77 77 88.27 163.54 39.73 114.00 | 68.96 | 94.90 |75.92|88.27| 1.01
RA| 91 92 105.36 153.34 65.97 110.00 | 64.24 | 99.78 |79.83|105.36| 1.15
UPE| 115 133 | 152.64 | 218.56 80.00 95.00 81.61 | 125.56 [100.45152.64| 1.32
UPW| 96 100 | 114.99 109.73 60.03 79.00 50.96 | 82.94 |66.35[114.99 1.51
WB| 46 46 52.73 59.55 46.53 48.00 35.81 | 48,52 [38.82|52.73| 1.18
AS | 40 40 45.86 47.63 26.62 45.00 38.36 | 40.69 |32.56|45.86| 1.23
BH | 62 62 71.08 244.28 75.73 90.00 66.53 | 109.52 |87.62|87.62| 0.71
HP | 16 16 18.34 16.00 12.73 17.00 12.24 | 15.26 |12.21|18.34| 1.31
JK | 13 13 14.90 32.37 22.78 14.00 21.60 | 21.13 |16.90(16.90| 0.77
NE | 11 11 12.61 37.68 14.50 19.00 23.76 | 2151 |17.21|17.21| 0.64
OR| 38 46.50 30.97 23.85 | 33.77 |27.02|27.02| 0.00

Source Aut hor sdé <cal

cul ati ons

Table A3: Best Measures of Central Tendency

Measurement Scale

Measures that CAN be

Best Measure of the ‘Middle’

Used
Nominal Mode Mode
Ordinal Mode and Median Median
Interval Mode, Median and Mean Symmetrical data: Mean
Skewed data: Median
Radio Mode, Median and Mean Symmetrical data: Mean

Skewed data: Median

Source Compiled by authors
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Table A4: Reserve Price, Market Price, Spectrum Unsold and Mark up of MP over RP (2012 — 2016)

Q’;g:; 243 243 44 45 0 169 243 38 0 4 | 163 163 226 o |o | 23 230 | 1375 |64 |0
Assam 40 40 198 15 0 36 36 114 o |o 7 7 1375 |36 |0
Bihar 62 62 122 3 0 62 62 2 100 0 43 43 24 8 |o 34 37 1375 |0 |9
Delhi 399 399 128 84 0 364 364 21 0o |o | 554 10 100
Gujarat | 238 238 13 12 0o | 238 238 34 0 0 238 238 12 o |o | 18 180 | 1375 |27 | o
Haryana | 47 49 74 0 4 32 47 8 0 47 27 27 164 |49 |0 37 37 1375 |45 |0
Himachal | o 16 114 51 0 9 16 102 0 78 6 6 204 |5 |0 6 6 1375 |91 | o0
Pradesh
Jammu & - 13 29.4 24 0 6 6 44 o |o 5 5 1375 |45 |0
Kashmir
Kamataka | 185 42 100 185 185 18 11 0 155 155 246 3 o | 264 1375 | 100
Kerala 83 83 2 70 0 75 83 1 0 11 52 52 28 4 |o 52 52 1375 |91 | o0
Kolkata | 149 151 4 0 1 73 149 7 0 104 | 73 73 25 28 |0 91 91 1375 |64 |0
Madhya 14 318 134 10 0 290 290 14 o |o | 210 200 | 1375 |55 |0
Pradesh
Mah;rasm 83 83 46 0 0 50 50 192 o |o 43 43 1375 |45 |0
Mumbai | 298 489 5 0 64 272 272 234 o |o | s 10 100
North
e 1 1 9.2 0 0 11 11 8.4 10 0 7 7 25 19 |o 7 7 1375 |45 |0
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Odisha 38 14 100 23 33 16.2 0 43 16 16 26.2 62 16 16 13.75 45
Punjab 7 77 154 29 0 71 71 1.6 0 0 54 54 18.4 9 54 54 13.75 91
Rajasthan 91 92 11 0 1 60 73 10.4 4 22 26 26 19 44 54 13.75 100

Tamil
Nadu 225 225 19 11 0 208 208 30.2 63 245 245 13.75 64
UP (E) 115 133 54 0 16 97 107 4.2 0 10 64 64 8 5 61 61 13.75 18
UP (W) 96 100 146 0 4 95 96 2.2 0 1 95 95 24 17 86 86 13.75 9
West 46 46 184 4 0 25 25 11.2 0 21 21 13.75 36
Bengal

Source Compiled and calculated by authors from DoT, TRAI and other secondary sources
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