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Abstract

This study is situated at the junction between the theoretical and the practical as-
pects of auction theory. We are particularly interested in the question of participation
(or entry) of bidders in auctions. This is esséntially a theoretical question, however the
motivation for studying it stems from the observation of real auction situations. In the
case of high-profile telecom auctions - auctions of licences for operating telecommu-
nications technology - the problem of bidder participation poses a particularly acute
challenge, that needs to be addressed in the design of the auction.

The thesis contains five chapters; first an introduction that follows the appearance
of the entry-problem in telecom auctions, and the motivation for studying it is provided
(chapter 1), then the related theoretical literature is surveyed (chapter 2). The main
body of the thesis is brought in chapters 3,4 and 5.

Chapters 3 develops a theoretical model in which the use of royalty-bidding
in telecom auctions is studied. The aim of capturing the main aspects of a real-life
telecom auction environment, imposes a certain structure on the task of modelling it
for the purpose of theoretical analysis. Our main interest is to examine whether the
entry of weak bidders (in telecom auctions these are usually newcomers), could be

promoted by the introduction of royalties to the auction, and to study the effects of



such actions on other participants in the market. For that purpose a ‘second-price

royalty auction with a fixed-fee element’ is modelled.

Chapter 4 expands the analysis of chapter 3 by changing the basic setting of
the model. In particular, the assumptiqns at the basis of the model, regarding the
knowledge at the auctioneer’s disposal when she designs the auction, are made less
restrictive.

In chapter 5 we abandon the use of royalties in auctions altogether, and turn to
an experimental examination of the question of entry within two of the most common
auction formats in the telecom industry - the ascending price auction and the first-price
sealed bid auction. Our aim in this chapter is to compare the entry-promoting prop-
erties of the two auctions by observing the entry behaviour of bidders in a monitored

environment where the only variable is the auction format.
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Chapter 1
Introduction and Motivation

Auctions have been used, in various shapes and forms, as sale mechanisms in
the presence of asymmetric‘ information; since ancient times. Popular examples in-
clude the sale of wives on the streets of Babylon, (Herodotus), and the sale of the
Roman Empire to Didius Julianus, (193AD), both of which are thought to have been
conducted by some early form of auction. It was however only with Vickrey’s pio-
neering work in the 1960s that theory finally caught up with practice. Many models
have now been developed to study and analyse these widely used market mecha-
nisms. Auctions have increasingly become one of the major areas in which micro-
economic theory can actually be put to work in practice. They present an opportunity
for creating models that genuinely capture aspects of specific real world situations.

It is at this junction between the theoretical and the practical that this study
is situated. We shall be particularly interested in the question of participation (or en-
try) of bidders in auctions. This question is essentially a theoretical one, however the
motivation for studying it stems from the observation of real auction situations. In the

case of high-profile telecom auctions - auctions of licences for operating telecommu-
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nications technology — the problem of bidder participation poses a particularly acute

challenge, that needs to be addressed in the design of the auction.

The aim of capturing the main aspects of a real-life telecom auction en-
vironment, imposes a certain structure on the task of modelling it for the purpose of
analysis. There is a cost and a benefit to tying the theory and the practice together; a
trade-off exists between developing a general, widely applicable tool and aiming at
a more specific analysis, better fitted to a certain situation as it is observed ‘on the
ground’. The presence of this trade-off will be felt throughout this study, where we
go back and forth between the theory and the real world.

In the remainder of this chapter we will describe the practical background
and formation of the ‘entry problem’ in the framework of telecom auctions experi-
ence. The next chapter will present the theoretic literature where certain aspects of

the question posed here have been addressed.

1.1 The Telecom Auctions Experience

The allocation of licences that entitle their owners to use a segment of the radio spec-
trum for commercial purposes, is a natural candidate for the use of auctions. There is
a scarce, government-owned resource on the one side and a handful of buyers, whose
willingness to pay is unknown to the government, on the other.

The idea was discussed in the US Congress as early as 1958, but it was only sev-

eral decades later that the first telecom auctions took place. During this time govern-
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ments used a variety of bureaucratic processes for allocating bands of radio spectrum
to companies claiming to be in the best position to operate adequate telecommuni-
cations services. These processes were given the collective name ‘beauty contests’,
perhaps to hint at thgir subjective nature. It, was also a very long and non-transparent
process as it is very difficult to define a specific set of criteria for selecting the best
of the candidates and to justify this process, if required, in retrospect. Governments
could find themselves exposed to allegations of corruption and favouritism that could
be difficult to shake. Such problems with the beauty contests led to the US Congress
replacing them, in the 1980s, with lotteries, in the hope of streamlining the process.

Lotteries were indeed a simple and transparent way for allocating, on a random
basis, a large number of licences among the vast number of companies that applied
to participate. The problem with lotteries is that an efficient allocation is as likely
to emerge as any other specific allocation. In fact, both beauty contests and lotteries
sometimes resulted in allocations that were widely thought to be inefficient. Indeed,
sizable secondary markets developed in which winners of licenses, who could not,
or never had any intention of, supplying customers with the relevant services, would
sell their licence to companies better suited for the task, while making huge profits in
the process. The idea that auctions might provide a way out of this mess, therefore
gradually gathered support.

The first telecom auction took place in New Zealand in 1990, where the gov-

ernment chose the second-price, sealed-bid auction design to allocate spectrum for
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radio, television, and cellular telephones. Next was the Australian government, who
éhose the first-price, sealed-bid design for their telecom auction, run in 1993. Neither
of these auctions was viewed as successful, as design inadequacies - most obvious of
which were the lack of a meaningﬁll ;eservation price in the New Zealand case and
the absence of deposits or other penalties for bid withdrawals in the Australian case
- left them vulnerable to bidder manipulation and public criticism.

Auctions eventually achieved their current reputation as a simple and effi-
cient tool for selling telecom licences, only after the American Federal Communica-
tions Commission (FCC) adopted the sealed-bid, multi-round, simultaneous design
in 1994, as advocated by economic theorists, and began using auctions for allocat-
ing licences to hundreds of companies across the US. This design also served as a
foundation for many of the later European telecom auctions.

Before we take a brief look at the sealed-bid, multi-round, simultaneous auction
design, it is useful to recall some of the objectives of the auction, as stated by the US

Congress:

e winners should use the spectrum in an efficient and intensive manner
e rapid deployment of technologies should be promoted
e excessive concentration of licenses should be prevented

e some minority-owned and other designated bidders should be ensured a

license.



18

(See McMillan 1994 for a detailed account of the aims and the process of the
auction design.)

It is interesting to note at this point that maximising revenue did not enter this
list as a separate goal, (although it is folded into the efficiency objective to some
extent). On the ofher hand, the ‘spirit’ of promoting entry into the auction is already
present here, both in the wish to prevent concentration of licences (for which purpose
a large number of bidders is desirable), and in the identification of some potential
bidders as "designated", with its implicit assumption that some bidders stand on a
disadvantageous ground with respect to others.

The FCC auction was the first in which the sealed-bid multi-round, simulta-
neous auction design had been used. The team of economic consultants who were
involved in.the design combined elements of several well-known auction formats, as
well as inventing brand new ideas, to create this new and vast sale mechanism. Nat-
urally this auction had a large number of rules ensuring its smooth running. For the
purpose of this study, we will only state some of them briefly, in order to create a ba-
sis for comparison between telecom auctions. (For more on the FCC auction design
see, for example, McAfee & McMillan 1996, and Cramton 2001).

In each of the FCC auctions a large number of licences were put on sale. Each
licence corresponded to a fraction of the radio spectrum, and its winner held the right
to use these air waves in order to provide some specified telecommunications services

to consumers, in a certain geographic area. Firms who qualified to participate could
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bid for any of the licences offered. A bid that is put on a licence is a commitment to
buy that licence at the price specified in the bid, if no other bidder is willing to pay
more for it.

The ‘multi-round sealed bid’ aspect of Vthe auction could be thought of as the
discrete-time equivalent to the English, or open, auction. Its operative meaning is
that bidders actually submit a sealed bid in each round, and when every bidder has
submitted a single bid (which doesn’t necessarily apply just to a single licence) a
round is completed. At the end of each round the results are announced before the
next round begins. The results consist of the bids and identities of the bidders who
submitted the highest bids. Based on this information bidders prepare their next
round’s bids which, again, are submitted sealed. The auction is over when no bidder
wants to submit a new bid on any of the licences.

This design captures some of the advantages of an open auction; in particular,
it allows information about the bidders’ valuations for the licences to be revealed
during the course of the bidding. This feature adds to the transparency of the auction,
and to the simplicity of the bidding process, but it can be of particular importance
in telecom auctions where both the collusion among bidders, and cautious bidding
due to the effect of the winner’s curse are possibilities that the auctioneer needs to
take into account. The licences being auctioned have a significant common-value
aspect to them, in that the variation in the valuation of each licence among different

bidders derives, at least in part, from different estimations of features of the licence
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which are the same for all bidders, and to which they would therefore assign the same
value if they were fully informed. Commonly-valued goods are more vulnerable to
the effects of the ‘winner’s curse’ which when properly taken into account in the
bidding, leads bidders to bid cautiously. In the framework of an open auction this
means that each time a bidder makes a new bid that outbids some of the opponents,
he/she has to take into account the information that is revealed by the mere fact
that other bidders where not willing to bid this high, on the estimated value of the
licence. This information has a negative effect on the licence’s value, and thus a
bidder who anticipates this event will lower his/her bids in advance. On the other
hand, the fact that bids were submitted sealed allows the auctioneer to control the
release of information, as bidders do not know who is competing directly against
them, for a particular licence in each round, until the round is over. The control
over the release of some bidding information is also important for reducing, to some
degree, the chances of collusion among bidders during the auction.

The ‘simultaneous’ in the description of the auction refers to the fact that all
licences are sold at the same time to allow for better licence aggregation. This is
important in telecom auctions as different licences can serve as either substitutes or
complements to one another in the eyes of different bidders. The government usually
has no way of bundling the licences efficiently before the auction.

The FCC’s auctions were generally viewed as successful. Indeed a decade later,

although some mistakes have been identified and changes introduced, the same basic
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design is still used in telecom auctions. Moreover, the FCC auction design served as
a basis for the design of most of the European and other telecom auctions that took
place later.

We now turn to look briefly at the. telecom auctions experience in other parts
of the world. The UK was the first among the European countries to use an auc-
tion for assigning licences for operating third generation (3G) telecommunications
technology. The UK auction took place in the spring of 2000, and allocated 5 such
licences among 13 bidders. Of these bidders 4 were the incumbents in the British
telecom market, and 9 were new entrants. The design of the UK auction was based
on that of the FCC, adapted to fit the British market. A detailed account of the de-
sign and the conduct of the UK auction can be found in Binmore & Klemperer 2002.
For the purpose of this study, it is sufficient to note that the 5 licences were sold us-
ing a simultaneous ascending-price auction, in which bidders were allowed to bid on
a single licence in each round. The bidding on the largest of the licences was re-
stricted to new entrants, while all bidders where allowed to bid for the other 4. The
British auction is viewed as a success in most respects, and in particular it generated
a huge amount of revenue for the government, (GBP 22.47 billion), that exceeded all
expectations. It was regarded at the time as ‘the biggest auction ever’.

Other European countries followed closely after the UK in allocating 3G li-
cences. Different countries faced different conditions in telecom markets at the time

of the auction; moreover, different governments had different aims and objectives
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for the process of allocating the licences. A variety of auction designs and beauty
contests were used, and thus the results, both in terms of allocations and in terms of
revenues, varied a great deal. (See Jehiel & Moldovanu, 2001 or Borgers & Dust-
mann, 2003 for a detailed description and discussion of 3G licensing across Europe).

It is difficult to talk about the results of different telecom auctions in terms
of success, as different auctions are set out to achieve different goals. We would
like however, to look at an isolated specific aspect of these auctions, and study their

designs on the basis of that. This aspect is bidder participation, or entry.

1.2 The Entry Issue

The great strength of auctions, in comparison to beauty contests or lotteries, is also
what makes them less ‘friendly’ to small businesses and new-comers. Auctions re-
quire that interested potential buyers be willing to back their business plans with
real money bids, as every bid made in the auction is a commitment on behalf of the
bidder to pay the amount specified in the bid if no other bidder outbids it, whereas
bureaucratic processes often judge participants én their plans alone. It is therefore
of paramount importance that bidders should have a good as possible estimate of
how much the goods on sale are worth to them, or they could find themselves com-
mitted to pay more than is worthwhile, or even more than they can. In the case of
telecom auctions such an estimate, especially when the market is essentially new (as

with 3G), could be very costly to obtain. These costs that bidders have to incur be-
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fore they can bid in the auction effectively serve as entry costs, although they are not
paid to the auctioneer, and they could deter the weaker bidders from even trying to
compete.

Who are these weaker bidders? Starting a business in the telecom market is
a highly risky and costly process. It involves investing the high costs of building
a network and establishing a consumer base, before any income can be generated.
These costs may be significantly lower for the incumbents in the market, which would
give them an advantage in the bidding competition. The combination of a substantial
entry cost with a disadvantageous position in the bidding, makes the auction seem
like an unattractive business opportunity in the eyes of new potential entrants. The
participation of these entrants in telecom auctions may therefore have to be promoted
through the auction design. In what follows we present a more thorough account of

the entry problem in telecom auctions.

1.2.1 What Do We Mean by ‘Entry’?

It is first necessary to identify precisely what is meant by the term ‘entry’ in our
context, and to distinguish it from the more common use of the word. Entry refers
to the number of bidders participating in the auction, with a focus on the bidders in
the auction who are not incumbents already operating in the relevant telecom market.
This use of the term should not be confused with entry to the telecom market itself,

with the possible displacement of an incumbent after the auction. The two uses of
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the term, although indeed connected, (it may even be argued that the second stems
from the first) portray two different concepts, and present different challenges to the
auction design.

Consider the following example of an auction, where many bidders come for-
ward to participate, some of whom are new entrants, but where at the end of the
bidding, all licences turn out to be bought by incumbents. This auction scores high
on entry of the first kind, as many bidders did participate, but it performs poorly on
entry of the second kind, as competition in the resulting telecom market remains the
same after the auction. Our concern in this study is with the former concept — entry
to the auction.

For an incumbent firm in the telecom market, i.e. a firm already selling some
telecommunications services to customers, acquiring the new licence now on sale
may be the only way for maintaining its competitive position in the market. It may
also find it considerably cheaper to obtain their valuation estimates for the new prod-
uct from their established position within the market, which together with the advan-
tages of having the existing network and consumer base to fall back on, can lower
the cost of entry to the auction considerably. It is therefore assumed that all incum-
bents will choose to enter and compete in the auction. (this assumption is supported
by the evidence from telecom auctions around the world). An entrant is therefore a

firm, new to the relevant telecom market, who chooses to bid in the auction.
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1.2.2 Why is Entry Important?

Assume for the moment that there are 4 incumbents in the telecom market of a cer-
tain country, supplying second generation services to customers. Now this country is
offering to auction 4 licences to operate third generation technology. The 4 incum-
bents are the only ones to come forward and bid in the auction, and the licences are
therefore sold to them for their reservation prices. Why should the auctioneer wish to
prevent this scenario from happening? The short answer is that what was described
above is not really an auction. All the advantages that auctions possess over beauty
contests and lotteries fail to materialise in the scenario described above.

Even if the current structure of the telecom market with 4 incumbents is quite
competitive, and the government does not necessarily want to introduce a fifth op-
erator to the market, it is still non-trivial to argue that the incumbents, rather than
some other potential operator, are best suited for the job of operating the new li-
cences, indeed there are examples of cases where an incumbent lost the bidding to a
new entrant (e.g. in Denmark). A real bidding competition, in the process of an auc-
tion, where the number of bidders is significantly larger than the number of licences,
would select the 4 most efficient firms to operate the new technology, and will award
them the licences. That is the ‘job’ of the auction, and it cannot be done without an
active bidding competition.

Moreover, the true value of the licences is unknown to the government. This is

the source of the asymmetric information and one of the reasons for using an auction
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in the first place. The government would therefore have a difficult time setting a
realistic reservation price that truly reflects the market value of the licences. This
again is the role of the auction — to extract private information from bidders in order
to determine how much the licences are worth to each of them, and set the prices
accordingly. With no bidding competition the auction cannot be used to determine
prices, which would then have to be set by the auctioneer, and could be perceived in
this framework as arbitrary. It is exactly this perception of arbitrariness, or worse of
favouritism, that governments are trying to avoid by switching from beauty contests
to auctions. An active bidding competition is a transparent process which is hard
to manipulate, and could serve as a tool in the government’s hands for shaking off
any allegations of misconduct that may arise after the auction (beauty contests are
known to suffer from such allegations, which may some times be hard to prove as
unfounded).

It is important to note at this point that, considering the scenario above, it may
still be the case that a real and active bidding competition takes place at the end of
which the 4 incumbents still win a licence each. The fact that all incumbents, or even
that only incumbents, win a licence does not, on its own, mean that the auction was
inefficient or unsuccessful. It may be the case that the experience and cost advantages
held by incumbents make them the most efficient among the bidders, and thaf since
the market is too narrow to accommodate an additional operator, it is in fact efficient

that only incumbents win a licence. The incumbents should, however, be required to
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‘prove’ their superiority by backing it with willingness to pay, which is exactly what

the auction requires them to do.

1.2.3 The Appearance of the Entry Problem

In the British 3G auction of spring 2000, where 13 bidders competed for 5 licences
in a market of 4 incumbents, there was no sign of a problem in attracting bidders to
participate in the auction. Nevertheless the designers of the UK auction did see as
one of their concerns to ensure that sufficient entry will occur. Indeed the problem
did not take long to reveal itself, and in the European telecom auctions that followed
the number of new entrants declined steadily. Table 1 below demonstrates the ap-
pearance of the ‘entry problem’ in 3G auctions in Europe (information from Borgers

and Dustmann 2003, and Jehiel and Moldovanu 2001).

UK 3

Netherlands 5 6 5
Germany - 7 6
Italy 4 6 5
Austria 4 6 6
Belgium 3 3 4
Greece 3 4 3
Denmark 4 5 4

Table 1: The appearance of the ‘entry problem’ in Europe.
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It is clear from the information? in table 1 that bidder participation did present
a problem in many of the European 3G telecom auctions. In some of the cases,
however, the issue of entry was addressed in the design of the auction. It is interesting

to note those aspects of the auction design specifically introduced to promote entry.

1.2.4 Ways Used to Promote Entry via the Auction Design

The first country to build entry into the design of the auction was the US, where in
the early auctions, bidders who were believed to be weaker were titled ‘designated
bidders’ and given credits in the bidding process. These credits took the form of a
percentage of their bids, such that designated bidders could win a licence as long as
their bids lie within that percentage of the highest bid at the final round. A different
method was also tried in the early auctions in the US, but was later abandoned —
a generous installments payment programme according to which designated bidders
had to come up with only a very small fraction of the price at the time of the awarding
of the licence. This scheme was cancelled since it attracted speculative bidding in
which bidders with no genuine intention of providing a service bought licences in
the hope of picking up a quick profit in the resale market.

It is useful to note that, considering the vast telecom market in the US and

the large number and types of licences auctioned (most offering regional rather than

2 The number of licences in Germany and Austria was variable between 4-6, and determined in the
process of the auction.
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national coverage), it is likely that the US Congress was concerned more with the
second type of entry mentioned above — entry to the market — when it instructed
the FCC to promote the entry of designated bidders. Indeed, Congress did specify
that the FCC is to ensure that some designated bidders are awarded a licence, rather
than simply participate in the auction. It isl however, difficult to guess the amount
of competition the US auctions would have drawn without the special treatment to
designated bidders, and whether entry would have become a problem there as it did
in Europe.

Entry was also addressed in the UK auction, where the best licence of the five
was reserved for an entrant. It appears from this straight-forward manner that both
concepts of entry where in the minds of the auction designers. The UK telecom mar-
ket was unusual in the sense that it was believed that there is room for a fifth 3G
operator in addition to the four 2G incumbents. In such a situation the two concepts
of entry are naturally tied together. The mere offer of a fifth licence ensures that at
least one non-incumbent will win a licence, while the restriction of the bidding on
one specific licence to entrants only, supplies them with some protection from the
fierce competition incumbents are likely (and did) to engage in, and thus makes par-
ticipating in the auction seem like an attractive business opportunity for newcomers.
There was, however, a stage in the planning of the UK auction when it was thought
that only four licences would be sold, in which case the question of entry would have

had to be addressed in a different manner (indeed there were some alternative de-
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signs considered for their entry-promotion properties, see Binmore and Klemperer,
2002 for a full account of the UK auction design).

The results of the UK auction suggest that its design was probably promotional
to entry as the number of entrants in this auction was more than double the number
of incumbents, an achievement in terms of entry that was not repeated in any of the

European auctions that followed.

1.2.5 Creating an ‘Entry-Friendly’ Telecom Market

It is important to remember, when discussing possible ways a telecom auction could
be made more attractive to newcomers, that the auction is merely the selling mecha-
nism of a product that could be described as the right to operate in the telecom mar-
ket. The environment and regulations that exist in the telecom market are therefore
features of the product itself, their design in a way that is ‘friendly’ to the newcom-
ers could therefore be a much more powerful tool in attracting entry (of both types).
Steps in this direction could include simplifying the process of building up infrastruc-
ture and insuring roaming rights, however these are decisions usually made by policy
makers and carried out by regulators, and not economists, and thus lie outside the
scope of this study.

We will now turn back to the promotion of entry by means of the design of the
telecom auction, and in particular to the method that will be the main concern of this

study in what follows.
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1.3 The Use of Royalties and Royalty-Bidding

Non-incumbents in the telecom market are viewed as wéaker bidders. The source of
their weakness is not, however, simply that the same licences are worth less to them
than to their incumbent counterparts, as telecom licences draw their values, at least
in the most part, from the opportunities that exist in the telecom market, and thus are
common to all bidders. As was already mentioned above, a more likely source for
the weakness of newcomers is the cost of building the telecom business. This cost
would in most cases be smaller for the incumbents in the market who already hold
some sites for radio masts, have an established consumer base and a brand name in
the industry. However, these costs are still very significant even for incumbents, es-
pecially when a new market is targeted (as in the 3G case), and it is rather difficult
to estimate the exact magnitude of the incumbents’ advantage in this respect. How
much discount should the auctioneer offer to entrants in order to offset this advan-
tage? How can she avoid over-compensating the entrants and distorting the result of
the auction by reversing the situation and making the entrants artificially better off,
and thus making the auction vulnerable to speculators? Any choice of discount made
by the auctioneer before the auction would seem arbitrary. It is especially problem-
atic in the 3G auctions where a single auction is run and there is no real chance to
‘correct’ the rules of the auction, (as was in fact done in the US with respect to the

treatment to designated bidders).
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The search for a different method to lessen the advantage that incumbents hold
over entrants in telecom auctions suggests the possible use of royalties. Royalties
have been widely used as an additional payment to auctioneers in auctions of goods
whose values depend heavily on the unanwn conditions in a relevant market. (In
the next chapter the study and use of such auctions is included in the review of the
auction literature.)

The use of a pre-set royalty rate to be paid to the auctioneer, in addition to
the cash payment paid at the end of the auction, serves as a means of reducing the
affect of the differences in valuations before the auction, on the bidding process. It
therefore acts in favour of all weak bidders to some extent; the actual competition
however, remains in cash terms and the incumbents’ advantage is not fully offset, but
rather it is reduced.

We now want to take a more thorough look at a different possible use of royal-

ties in auctions — the use of royalty bidding.

1.3.1 Basic Underlying Assumptions

As was already mentioned above, at the basis of the need to build into the auction a
special treatment for newcomers, in order to encourage them to enter, is the assump-
tion that their starting point in the bidding competition is weaker, i.e. that they would
have to bear a higher cost than incumbents if they win the auction. The auction could

therefore seem like a rather poor investment to non-incumbents, as they have to pay
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the high entry cost but have only a small chance of actually winning the auction. An
auction design that is favourable to entry would optimally make the auction more at-
tractive to entrants, by increasing their chances of winning, but would not reach the
point where entrants can manipulate the rules of the auction to their advantage. It
would therefore be useful to have a more specific account as to the sources of the po-
tential entrants’ disadvantage — the source of these higher costs that entrants face - so
that a more precise tool could be used for treating potential entrants.

We start by noting that, particularly when a new market is to be created, costs
are likely to be quite significant even for incumbents. It is therefore often the case
that both incumbents and entrants have to turn to the credit market for financing
their investments, if they decide to bid in the auction. The incumbents’ advantage
as established firms already operating in a related market, is therefore likely to take
the form of a lower interest rate on their borrowings. This higher price entrants are
assumed to have to pay in the credit market for their loans, would make them more
sensitive to negative results in the telecom market.

It is this ‘increased sensitivity to bad outcomes’ of entrants that we want to
focus on as the more likely source of their disadvantageous position, rather than the
wide assumption that all entrants face a higher cost (and thus a lower valuation)
than incumbents. In other words, we assume that entrants are more risk averse than
incumbents. As to their fixed costs, these are likely to be higher but could in some

cases be lower than the incumbents’.
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1.3.2 How Would a Risk-Averse Bidder Behave?

In order to isolate the affect of bidders’ attitudes towards risk on their view of the
auction as a worthy investment, we want to assume for the moment that no additional
costs, other than the costs of entry, are to be born after the auction by any of the
bidders.

Consider the following example: A single licence is on auction; two potential
bidders exist, one is risk-neutral and the other is risk-averse. The licence will be
worth, either m;, if market conditions after the auction turn out to be bad, which
happens with probability p;, or 7, if conditions are good, with probability (1 —
pi). Both bidders know this in advance. Now we want to compare different auction
designs in terms of their attractiveness to the risk-averse bidder. First we look at the
ordinary (or cash) second-price, sealed bid auction. It is well known that bidders have

a dominant strategy in the second-price auction, which is to bid their true valuations.
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Figure 1: The ‘cash’ second-price auction.
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The risk-neutral bidder will therefore bid the expected value of 7 (the amount
Bpry in the Figure 1), while the risk-averse bidder will bid his certainty equivalent to
that (the amount Bg4 in the figure), which is lower for every level of risk aversion.
If entering this auction is costly it is clear that the risk-averse potential bidder will
choose not to enter, as he has no chance of winning.

Now consider the case where the winner of the auction would have to pay some

percentage in royalty payments as the value of the licence is realised.
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Figure 2: The ‘pure’ second-price royalty auction.

Figure 2 shows the expected utility of both bidders for different possible levels
of royalty. We continue to assume for the moment, that a cash second-price auction is
run to select a winner, who will then have to pay a pre-set rate of royalty payments, in
addition to the cash payment of the second-highest bid. Bidders’ bidding behaviour

in this auction is quite similar to that in the previous example - the risk-neutral bidder



36

will bid her expected utility (which for her is equivalent to the expected payofY),
while the risk-averse bidder will bid the certainty equivalent of his expected utility.
As is clear from Figure 2 the difference between the expectations of the two bidders’
utilities is decreasing w1th the royalty rate. That is, as the share of the payment that
is determined after uncertainty is resolved increases, the risk-averse bidder is better
off relative to the risk-neutral one, up to the point where all disadvantages disappear
withr = 1.

The reason for this is that the good on sale here is effectively a lottery ticket;
bidders’ attitudes towards risk can therefore be thought of as their valuations for
participating in this lottery, with the risk-averse bidder having a lower valuation than
the risk-neutral bidder. By allowing some of the payment to be contingent on the
outcome of the lottery the auctioneer is bearing some of the risk, an act that naturally
is more appealing to the risk-averse bidder.

With the pre-set royalty rate, however, the auction designer still faces the prob-
lem of how to determine the right rate of royalties, so that it is high enough for the
risk-averse bidders to choose to enter, but not too high, as royalty rates are known
to distort the market when they are applied to bidders’ revenues, (rather than to their
profits, which are typically assumed to be effectively unobservable in the framework

of a telecom market).
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1.3.3 The Use of Royalty-Bidding

An auction that is run in terms of royalty rates, is one where the bidders’ bids cor-
respond to shares in their revenues (0% - 100%) that they are willing to pay the
auctioneer after uncertainty in the market is resolved, whatever the outcome may
turn out to be, rather than bidding in terms of cash sums to be paid after the auction
but before the value of the licence is revealed. This way, the effective royalty rate is
endogenised and set by the strength of the competition between bidders.

However, such a ‘pure’ royalty auction creates a different problem for the auc-
tioneer. Assuming the framework remains that of a second-price auction, where bid-
ders bid their true valuations, in the pure royalty case this would mean that both
bidders have an incentive to raise their bids up to the point where they agree to pay
the auctioneer 100% of their revenues (recall - we still assume no costs). A royalty
rate of 100% (or close to it) is much higher than desirable for several reasons. First
and most important is the fact that royalties distort the market. Unlike the simple
example above where the value of the licence is given, in the fuller more realistic
model the value of the licence is dependent on the winner’s actions in the market.
Since profits in the telecom market are usually assumed to be unobservable by the
government, any royalty rate would have to be applied to the winner’s revenue, and
thus would cause a distortion to his or her optimal production decisions in the mar-
ket. The higher the royalty rate applied the bigger the distortion. A second point to

consider is the auctioneer’s revenue from the pure royalty auction. As is the case with
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other proportional taxes, the revenue from royalties will probably start decreasing as
the rate of royalties becomes too high.

We can now state the problem in the core of this study, the one that will be
addressed more formally in the third and fourth chapters below. An auctioneer whose
priority is to promote the entry of risk-averse bidders into the auction will want to
determine the lowest possible royalty rate that will make them choose entry, and then

apply this rate to the winner of the auction®

1.3.4 The Second-Price Royalty Auction with a Fixed-Fee Element

As was noted above the pure royalty auction is likely to generate a very high royalty
rate, while the constant royalty rate, pre-set before the auction, is likely to be arbi-
trary, and could be too high or too low for the task of promoting entry of risk-averse
bidders into the auction We therefore examine a ‘second-price royalty auction with a
fixed-fee element’.

Such an auction is the object of the analysis carried out below, and it will be
fully defined and presented within the framework of the model. At this stage we want
to give only a brief description of its main features. We therefore turn back to the real
world to consider the experience of a 3G telecom auction run in terms of royalty-rates

- the Hong Kong 3G auction.*

3 We argue later that such a system of priorities may often be realistic in the telecom market envi-
ronment,

4 Although the Hong Kong auction is by no means equivalent to our ‘second-price royalty auction
with a fixed-fee element’. The similarities and differences will be elaborated on in chapter 4.
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A second-price royalty auction with a fixed-fee element is an auction run in
royalty terms, but in which every possible royalty bid corresponds also to a cash
amount, that the bidder is committing to pay the auctioneer in addition to the royalty
payments. The schedule of cash amounts is designed by the auctioneer in advance of
the auction, and is a tool in her hands to influence bids, where, roughly speaking, a
higher cash amount means a lower royalty bid.

Before we turn to a brief examination of the only (to the best of our knowledge)
real world use of royalty bidding in telecom auctions, it is important to highlight a
certain aspect of the auction we develop and analyse in this work. This is the aspect of
its efficiency, in its usual sense of the winner of the auction always being the bidder
with the highest valuation for the object on sale. A second-price royalty auction
with a fixed-fee element could result in an inefficient allocation of the licence in that
sense. This is a natural ‘by product’ of the attempt to promote the participation of
risk-averse bidders whose valuations of the good we referred to as a lottery above is
naturally lower.

Making the auction more attractive to the weaker bidders by increasing the
chances of their winning it, is effectively giving those weaker bidders a chance they
otherwise would not have, this must create the possibility of inefficiency. In other
words, the promotion of entry must involve a certain sacrifice of efficiency. If no
inefficiency is to be introduced, then the ordinary (cash) second-price auction is as

good as we can reasonably hope for.
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Moreover, the basic environment of a telecom auction is one where asymme-
tries among bidders’ valuations are a natural assumption, and it is well known that,
in the presence of asymmetries, some of the most commonly used auction formats
(and in particular the first-price auction and its derivatives) may result in inefficient
allocations (in the next chapter a fuller account of auction theory in the presence of
bidders’ asymmetries is presented).

In what follows,'the question of efficiency of the royalty auction does not take
central stage in the theoretical analysis of chapters 3 and 4, as some degree of ineffi-
ciency is unavoidable in a setting where entry is to be promoted.

The only place where an auction with some similarities to the second-price
royalty auction with a fixed-fee element was actually used is Hong Kong, where
in July 2001 a spokesman for the Information and Broadcasting Bureau announced
that: “Recognising the recent downturn in the telecommunications market, we have
introduced a royalty-based payment scheme that is intended to minimise the financial
burden on operators. The royalty scheme is underpinned by a schedule of minimum
payments, which minimise the government’s credit risk but allows it to share the
upside of the 3G business”. The spokesman added that: “In setting the reserve price,
we aim to encourage entry to the auction, but are also mindful to set a reasonable
minimum price for a scarce public resource like spectrum”. (Press Release Issued by

Information Technology and Broadcasting Bureau (ITBB) on July 18, 2001)
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The HK auction did have some similarities to that studied here but, it was by no
means equivalent, and had some very important differences too. A fuller description
and some analysis of the HK auction is presented in chapter 4 below. Only its main
features and results are given here.

Four licences for operating 3G technology were put on auction in HK. Bidders
were to bid in terms of royalty rates, where the winners would be the 4 bidders who
bid the 4 highest rates. The resulting effective royalty rate applied to all winners and
was the 5th highest bid. This means that the HK auction was in fact a second-price
(or highest-loser) royalty auction®. The “schedule of minimum payments” mentioned
by the spokesman corresponds to our ‘fixed-fee element’ and is a schedule of cash
payments, but as opposed to the auction analysed here winners in the HK auction had
to pay either the royalty payment on their revenues (the actual term used in the HK
memorandum was ‘network turnover’), or a cash payment, which ever turns out to be
the highest, but not both. The HK auction took place in September 2001. Although
the HK case was unique in having more incumbents than 3G licences - at the time of
the auction there were 6 second generation operators in the market (reduced from the
original 8) - only 4 leading incumbents applied for participation in the 3G auction.
The 4 licences where therefore sold to the 4 incumbents for their reservation royalty

rate, which was 5%.

5 The original plan was to promote entry by using a lowest-winner format. That was later overturned.
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Chapter 2
Theoretical Literature Survey

In the previous chapter we provided the practical basis for this study. We looked
at the telecom market environment, and at fhe role telecom auctions take in it. Real-
world experience revealed that in telecom auctions the issue of bidder participation
is at the heart of the perceived success of the auction, and present a real challenge for
designers of the auction rules. These considerations motivated the idea of a ‘second-
price royalty auction with a fixed-fee element’ as an attempt to capture as many
of the properties of the real telecom environment as possible, albeit in a simplified
manner, and provide a framework in which the question of bidder participation could
be addressed and studied.

We now want to turn to the theory. The fact that a second-price royalty auction
with a fixed-fee element was constructed to enable us to study the specific question
of entry within the special environment of a telecom auction, means that theoretical
studies where all its elements are combined are nonexistent. On the other hand, the
literature that is related in a more partial way, where a certain aspect of the relevant
environment is modelled and studied, is vast. We therefore divide the literature into
four branches, each of which studies some feature at the basis of our study. These

four branches are:

e Auctions with entry.
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e Auctions with risk-averse bidders.
e Auctions with asymmetric bidders.

e Auctions where the winners’ payment is not a function of bids alone.

Each of these literatures will be surveyed separately in an attempt to present its

main results, and draw relevant links with the question studied here.

2.1 Auctions with Entry

Entry of bidders into auctions - how it can be influenced and the costs of such actions
- are the main focus of this study. Our experience of telecom auctions has shown us
that, in this framework, entry could become problematic, and in most cases would
need to be promoted through the auction design in order to ensure that the auction
achieve its goals. This observation stands in contrast to the usual assumption made in
auction literature that the number of bidders is fixed and independent of the auction
format. Attempts to relax the fixed number of bidders assumption have been made in
several frameworks. However, most studies which take this approach are concerned
with the effects of a variable number of bidders on the auctioneer’s revenue. The
level of entry is regarded as an objective only in so far as it increases the auctioneer’s
revenue. In the telecom auctions environment this is not always the case. On the
contrary, entry, or entry-related auction performance, may actually take priority over

the raising of revenue in the eyes of some telecom auctioneers. Nevertheless we think
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it useful to state the main results of the literature on auctions with entry, as some of
the forces present in these broad models will be relevant in our analysis of the special
telecom case.

Among the early studiesrto dealrwith_ entry is Milgrom & Weber (1982) who
included entry fees in their general model of affiliated bidders’ valuations. They study
the effect that an entry fee, which they assume is set by and paid to the auctioneer,
has on the auctioneer’s revenue. As opposed to the situation studied in this work, the
entry fee in Milgrom & Weber is an additional tool in the auctioneer’s hands, and she
uses it (as she uses a reservation price) to extract revenue from risk-neutral bidders
who know their types (or signals) before hand. They do note however, that in some
cases, imposing an entry fee (as opposed to a reservation price) may cause the model
not to have a monotone equilibrium in the entry stage, where all bidders with signals
above some threshold choose to enter.

McAfee & McMillan (1987a) analyse an independent private-valuations model
where risk neutral bidders have to decide whether or not to pay an entry fee and
participate in an auction, before they learn their types. In this framework bidders’
expected profits negatively depend on the number of participants, as the chances of
a bidder winning the auction are greater the fewer the bidders who participate in it.
Bidders will therefore choose to enter as long as their expected profit exceeds the
entry fee. McAfee & McMillan define the optimal number of bidders in an auction

as the number that maximises the auctioneer’s revenue. They find that a first-price
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sealed bid auction whose reservation price equals to the auctioneer’s own valuation
(as opposed to a reservation price which exceeds the auctioneer’s valuation which is
typically optimal in a setting with no entry), combined with a given level of entry fee
will induce the optimal number of bidders to enter.

Engelbrecht-Wiggans (1993) studies a model in which the auctioneer sets a
bidder-specific entry fee, which could be negative and interpreted as a subsidy (al-
though bidders also incur a cost of bidding which is always greater than such a sub-
sidy). Risk-neutral potential bidders then have to decide whether or not to participate
in the auction before they learn their valuations for the object being sold. The optimal
number of bidders in the auction is defined as the number for which expected gains
from trade are maximised. Engelbrecht-Wiggans finds that the auctioneer can ensure
that the optimal number of bidders will enter, while her revenue is maximised, if the
auctioneer sets a combination of a reservation price which equals her own valuation
for the object together with an entry fee that is designed to push the marginal bidder’s
expected profits exactly to zero. The author is concerned mainly with the trade-off
that exists between the two different tools available to the auctioneer, namely a reser-
vation price and an entry fee. He finds that when both tools are available for the
auctioneer she might prefer to use an entry fee/subsidy rather than an optimally set
reservation price (which is typically higher than the auctioneer’s own valuation), as

long as the set of bidders that choose to enter does not change.
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Levin & Smith (1994) construct a model where risk-neutral symmetric poten-
tial bidders choose whether or not to pay a constant cost of entry, (which is not set by
or paid to the auctioneer), and bid in the auction. If they choose to enter they learn
the total number of bidders that also chose to participate, the exact rules of the auc-
tion, and their own estimate for the item’s value, before they bid. Among the ‘rules of
the auction’ the auctioneer may specify an additional entry (or admission) fee, and/or
a reservation price. They construct a symmetric equilibrium in mixed strategies in
which all potential bidders enter with the same positive probability. The equilibrium
probability of entry is that which makes the bidders’ expected payoff, given the auc-
tion rules and number of participants, equal zero. This requirement of their model
means that the auctioneer’s revenue is the only measure for social welfare. In the in-
dependent private-value model, the authors find that welfare is maximised with free
entry (i.e. no additional means of restricting entry — reservation price or entry fee —
are imposed). In the common-value model, however, welfare is maximised when the
auctioneer sets an additional entry fee and restricts entry. In general they find that
when values are affiliated a second-price auction always generates less entry than a
first-price auction. They also extend the revenue-equivalence theorem to the case of
a variable number of bidders.

Kaplan and Sela (2003) study an environment where bidders’ valuations, (which
are not necessarily symmetrically distributed), are common knowledge, while their

costs of entering the auction are private information. Bidders have to decide whether
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or not to enter a second-price auction after they learn their cost. They find that the
model has a cutoff type equilibrium (which is not necessarily unique). In equilibrium
only bidders with costs below the cutoff level enter the auction. In the asymmetric
case the (second-price) auction is not nec‘essarilyreﬁicient, moreover, the seller’s rev-
enue might be maximised in equilibrium if only bidders with high costs were to enter.
In any case the authors show that the seller is always better 6ff if participation in the

auction, of at least one type of bidders, is reduced.

2.2 Auctions with Risk-Averse Bidders

In the previous chapter, we discussed the importance of the assumption regarding en-
trants’ risk-aversion, as a possible source of their weaker position at the beginning
of the auction. More specifically we considered an environment in which some bid-
ders are more risk-averse than others. This heterogeneity in bidders preferences is
crucial in our setting since it is the known difference in the bidders’ position in the
auction that drives the problematic issue of bidder participation in telecom auctions.
This framework, however, stands in contrast to what is usually assumed in the theo-
retic literature with regard to bidders’ attitudes towards risk. The majority of auction
studies deal with risk-neutral bidders, but even when the risk-neutrality assumption
is relaxed, homogeneity is usually preserved, and bidders are all assumed to posses

the same degree of risk aversion.
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The extension of the basic auction model to include bidders’ risk aversion
complicates matters considerably, since an auction, even at its simplest form, cre-
ates a risky environment for bidders, and thus the assumptions made regarding their
attituc‘lesr towards risk may affect their bghaviou; directly. The most basic auction
situation is one where a bidder’s bid determines only his or her probability of win-
ning, but not the winning payoff (as in a second-price or a Vickrey auction). This
is a risky environment, but as the bidder’s task here is very straightforward, optimal
behaviour is accordingly simple. It is when bidders’ bids determines both their prob-
ability of winning and their payment if they win, that things become complicated,
as a trade-off then arises between increasing the probability of winning and the rent
gained upon winning. For this reason the literature on auctions with risk-averse bid-
ders deals mainly with first-price auctions, where such a trade-off does exist, while in
the framework of the second-price auction, where the winner’s payment is indepen-
dent of his or her bid, bidders’ attitudes towards risk should not alter their bidding
behaviour.

Although the model developed here rests essentially within the second-price
framework, the main results on auctions with risk-averse bidders are fundamental
in the auction literature, and are illuminating in the understanding of the risk-averse
bidder’s task, we shall therefore present them here, albeit in brief.

Holt (1980) analyses a model of competition for procurement contracts. He

considers two alternative procedures, one is an open (‘competitive’) auction, and the
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other is a sealed-bid first-price (‘discriminatory’) auction. The symmetric bidding
equilibrium with possibly risk-averse bidders is derived, and a comparison is made
between the expected procurement costs under each alternative procedure. Within
this framework, Holt demonstrates the importan;:e of the difference in the structure
of information between the two auction formats when bidders are risk-averse. Under
the sealed-bid auction, unlike the open-bid procedure, bidders’ do not acquire any
additional information in the bidding process, and thus they behave as if they are
facing a riskier environment when participating in a first-price auction. This causes
the risk-averse bidders to reduce their bids in the first-price auction, and the expected
procurement costs drop by the amount of the expected risk premium that the winning
bidder will be willing to pay in order to avoid the risk.

Riley & Samuelson (1981) derive a similar result in the setting of an auction
of a single indivisible good with symmetric, possibly risk-averse bidders. They also
show that, while the optimal bidding strategy of bidders in the second-price auction
remains bidding their true valuation for the good regardless of their attitude towards
risk, risk-averse bidders in a first-price auction bid uniformly higher than their risk-
neutral counterparts. This breaks the seller’s revenue-equivalence, and makes the
first-price auction take the lead in terms of revenues to the seller, when bidders are
risk-averse. The authors show also that in the revenue optimising auction with risk-
averse bidders, the optimal reservation price is decreasing with the degree of bidder

risk-aversion. That is, if the seller is viewed as an additional bidder whose bid is
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the reservation price, in the first-price auction not only the buyers’ bids get closer
to their true valuations as they get more risk-averse, but also the seller’s, who sets a
reservation price which is closer to his or her own valuation, even though the seller
is assumed to be risk neutral.

Maskin & Riley (1981) elaborate on the design of the optimal auction - the
auction that maximises the seller’s expected revenue — in the case of risk-averse bid-
ders. They show that, in the independent private-valuation framework, the seller can
exploit the bidders’ risk-aversion to increase his or her gains further by requiring
payment from losers as well as from the winner. That is, the seller should charge an
entry fee from potential buyers who wish to participate in the bidding. The intuition
provided for this line of thinking is that introducing an entry fee makes the auction
environment more risky; as a result, bidders will reduce their bids regardless of their
attitudes towards risk, but the risk-averse bidders would do so by less, as they are
willing to pay some positive risk premium to insure them against loosing. It would
therefore be possible for the seller to set the entry fee at such a level that the gain
from all participants outweighs the loss from the drop in the winner’s bid. A simi-
lar result is also provided for the common-value framework, (with some restrictions
placed on the coefficient of absolute risk aversion).

Maskin & Riley (1984) complete this earlier analysis of optimal auctions with
risk-averse bidders. The expected-revenue maximising auction, when bidders are

risk-averse is shown to be designed in a way that balances the tendency of bidders
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to increase their bids (in the first-price auction) the more risk-averse they are, with
their willingness to pay in advance for a reduction in the degree of risk they face.
This leads to an auction where low bids are riskier to make than high ones, and so
high valuatiqn bidders are encouraged to keep their bids high. Only the bid that
corresponds to the highest possible valuation is not risky at all, i.e. the bidder with
the highest possible value is offered complete insurance.

Moore (1984) characterises the optimal auction with risk-averse bidders, un-
der a somewhat different set of assumptions, and with a single buyer. He finds that
the bidder in the optimal auction is always better-off winning than loosing. That is,
there is some uncertainty left unresolved even though the winner is offered the op-
portunity to buy some insurance against it. He also shows that the winner’s expected
payment and therefore the seller’s expected revenue are non-decreasing functions of
the bidder’s valuation for the good on sale. If the single risk-averse bidder has a con-
stant coefficient of absolute risk aversion then his or her payment to the seller, in the
optimal auction is the same whether he or she wins or looses.

Matthews (1987) studies several alternative sets of auction rules from the risk-
averse bidders’ point of view. Among his results is that the change in bidders’ co-
efficient of absolute risk aversion (decreasing, constant, or increasing) is central in
determining whether they prefer to participate in a first-price or a second-price auc-
tion, (in the sense of which one offers them a higher expected payment if they win).

In particular, bidders prefer the second-price to the first-price auction if they have
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decreasing absolute risk aversion; they are indifferent between the two if their coef-
ficient of absolute risk aversion is constant; and they prefer the first-price auction if
it is increasing.

And finally, Fidich, Gavious, and Sela (2004) compare a first-price auction
and an all-pay auction in terms of the bidding strategies used by weakly risk averse
bidders. They concentrate their attention on weakly risk averse bidders as this allows
the use of perturbation analysis in order to approximate a closed form for the bidding
functions, something that is very difficult to achieve m these auctions in the presence
of bidders’ risk aversion. The authors find that in the first-price auction risk averse
bidders bid more aggressively than risk neutral ones. In the all-pay auction on the
other hand, risk averse bidders with low valuations bid less aggressively than their
risk neutral counterparts, while bidders with high valuations bid more aggressively,

even more so than they would in the first-price auction.

2.3 Auctions with Asymmetric Bidders

One of the important features of a telecom environment as modelled here is the ex-
istence of asymmetries among the bidders. More specifically, we claim that telecom
auctions could not be fully characterised and understood without taking account of
the fact that, in such an environment, some bidders have an advantage with respect
to others at the outset of the auction. This advantage is expressed in two different

aspects of the model; the assumption that some bidders (the newcomers or entrants)
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are more risk-averse than others, and the assumption that some bidders (again the
entrants) have costs that are likely (though not certainly) to be higher than their in-
cumbent opponents.

The first of these assumptions, asymmetries in attitudes towards risk, is a cru-
cial assumption in our model, the second, asymmetries in distributions of valuations,
is not a central assumption and in fact most of the qualitative results would remain
even if it were relaxed. However, differences in attitudes towards risk lead to differ-
ences in valuations of risky monetary payoffs. Therefore, an analysis of an environ-
ment where payoffs are certain and bidders exhibit asymmetries in the distributions
of valuations, could in fact shed some light on the nature of asymmetry that is in the
cet;tre of our study.

The literature on auctions with asymmetric bidders is concerned primarily with
asymmetric distributions of valuations, and is sometimes technical in nature. In the
remainder of this section we will therefore present the main results of this branch of
the literature, without attempting a complete analysis of the statistical properties of
bidder asymmetries.

Maskin & Riley (2000) analyse several possible structures of bidders’ valua-
tions, all of which result in asymmetries among bidders. They then derive the equilib-
rium bidding functions, and compare the performance (in terms of expected revenue
for the seller) of the first-price and second-price auctions. All of the structures that

are considered, however, are such that bidders could be either of a strong type or
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of a weak type, in the sense that the distribution of the strong bidder’s valuations
conditionally stochastic-dominates that of the weak bidder. The authors then prove,
among other results, that in the first-price auction a weak bidder who is faced by a
strong bidder will bid more aggressively than he or she would when faced by another
weak bidder, in the sense that the bid in the former case stochastically dominates the
bid in the latter case. Moreover they find that in a first-price auction a strong bid-
der will bid less aggressively when face with a weak bidder, than he or she would
when faced with another strong bidder. In contrast to these results, it is well known
that in a second-price auction it remains a dominant strategy for all bidders to bid
their true valuations even in the presence of asymmetries. These two results could
therefore have an important affect on entry issues when bidders are asymmetric, as
they imply that weak bidders who know they are faced by strong bidders will have
a greater incentive to participate in a first-price rather than a second-price auction as
their chances of winning it are greater. From the seller’s point of view Maskin & Ri-
ley find that when the strong bidder’s distribution of valuations is either a shift to the
right or a stretch to the right of that of the weak bidder, then the first-price auction
generates higher expected revenue than the second price auction. The opposite how-
ever is true when the weak bidder’s valuation is similar to that of the strong bidder
only with a fraction of the density shifted to the lower end point.

Cantillon (2000) examines the effect that the presence of asymmetries among

bidders has on the seller’s and bidders’ expected payoff from a first-price and a
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second-price auction. For the purpose of isolating this effect she constructs a bench-
mark auction, where bidders are symmetric, and which is equivalent to each of the
asymmetric auctions in terms of maximum surplus attainable in them. Cantillon’s
results show that in th¢ f;amewo:k of the second-price auction the auctioneer’s ex-
pected revenue is less when bidders are asymmetrically distributed, in comparison to
that of the equivalent (in the sense defined in Cantillon 2000) symmetric second-price
auction. The first-price auction environment is much more complex and a similar re-
sult could be proven only under some restrictions on the structure of the asymme-
tries, she does however conjecture that the more general result, - that the auctioneer
is worse off in the presence of asymmetries in the first-price auction - holds as well.
Bidders in the second-price auction are shown to gain, at least in the aggregate, from
being asymmetrically distributed. In the framework of a first-price auction a definite
result of this nature is harder to derive since its outcome is possibly inefficient in the
presence of asymmetries, however it is shown that both bidders and the auctioneer
could be made worse off by asymmetries in the first-price auction.

Kaplan & Zamir (2002) argue that the important type of bidder asymmetry is
not so much differences in bidders’ distributions of valuations, but rather differences
in bidders’ beliefs about these distributions. In this framework, a symmetric auction
is one where all bidders hold the same beliefs about the distribution of their oppo-
nents’ valuations, while in the asymmetric counterpart different bidders hold differ-

ent such beliefs. They address the question of whether such asymmetries among
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bidders affect the seller’s expected revenue from the first-price auction, and in what
way. The authors also examine whether it changes the ranking of the first-price and
second-price auctions in terms of the expected revenue they generate for the auc-
tioneer. The framewprk in which these questions are addressed is one of a game of
incomplete information where the information about bidders’ distributions of valua-
tions, which in fact could either be symmetrically or asymmetrically distributed, is
either revealed to them (in the asymmetric case) or kept from them (in the symmetric
case). The authors find that the two questions are connected in the sense that asym-
metries in bidders’ beliefs could increase (decrease) the seller’s expected revenue in
the first-price auction, depending on whether the first-price (or second-price) auction
performs better when the asymmetries are present in the distributions of valuations,
but with no incomplete information.

Finally, Marshall et al. (1994) provide a numerical analysis of equilibrium in
the first-price auction with asymmetric bidders, as a means of avoiding the highly
intractable nature of the analytical approach. Specifically, they look at asymmetries
in the distribution of valuations that result from a symmetric environment in which
some of the bidders may collude and form a coalition that bids together. An inter-
eéting result of their analysis is that the equilibrium bidding functions of bidders in
this environment are equivalent to the bidding functions that would be used in an en-
vironment where there are no distributional asymmetries, but instead bidders posses

different degrees of risk aversion.
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2.4 Auctions where the Winners’ Payment is not a

Function of Bids Alone
In this study, our main objective is to investigate the effects of the use of royalties
in telecom auctions on the behaviour of both potential bidders, and the auctioneer.
Introducing royalties into auctions payments changes one of the key features of the
basic auction model studied in the literature — that winners’ payments are derived
from their bids alone. Moreover, royalties could be a meaningful tool at the auc-
tioneer’s disposal only when at least some component of the good’s value can be
determined only after the auction is over.

Auctions with royalties have been used in practice in the past; for example, in
auctions of oil rights and publishing rights. The literature on such auctions is quite
broad, since it has both theoretical and empirical aspects, and could in fact include
the vast literature on optimal contracts in licensing, where the use of royalties is
examined but the auction stage and its design, if studied at all, plays an insignificant
role. However, the question of whether the availability of royalty payments affects
bidders’ behaviour, and in particular their decisions regarding participation in the
auction, has not been addressed in the literature, to the best of our knowledge.

We exclude from this section most of the literature on optimal contracts, as
our main concern is with the design of an auction using royalty payments. How-

ever, some papers in this section will be presented in somewhat more length since,



58

although most assume bidders are symmetric and risk-neutral, nonetheless some pro-
vide an important insight into key issues for this study.

Leland (1978) considers the process of the leasing of natural resources via an
auction. Firms are assumed to be risk-averse and the winner’s actions after the auc-
tion affect (together with the realised state of nature) the value of the tract. Players
are, however, all symmetric — no private information is introduced. The seller re-
ceives two forms of payment, the winner’s bid and the appropriate sum of royalty
payments, determined according to a schedule specified in the lease, and which may
depend on the tract’s value, i.e. the lease specifies a schedule of royalty rates, as a
function of the tract’s realized value. Leland then turns to characterising the revenue
maximising payment schedule under different assumptions regarding the firms’ ac-
tions. Bidders are assumed to bid their true valuations, i.e. the amount that equates
the expected utility from the difference between their net returns from the risky in-
vestment, and their bid to the utility they derive from zero. This is assumed although
the cash component of the winner’s payment is his or her own bid, i.e. the auction is
of the first-price structure.

Leland assumes first that the firm’s actions after the auction are exogenous
(independent of the payment schedule). The shape of the optimal schedule is found
in this case toAvary inversely with the ratio of the auctioneer’s to the bidder’s absolute
risk aversion. In particular, if the auctioneer is assumed risk-neutral then the optimal

schedule is linear with a 100% royalty rate, i.e. the winning firm is paid a fixed
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amount for extracting the natural resource, and all profits from the tract go to the
auctioneer. More generally Leland finds that the optimal schedule will be linear, i.e.
will include a fixed fee together with a royalty element, only if the seller and the firm
feature the same slope to their risk tolerance (the inverse of absolute risk aversion)
curve at the payment point. If both the seller and the firm have logarithmic utilities,
but the seller is less risk averse, then the optimal schedule is convex. An increase
in the expected value of a tract should cause an increase in the slope of the optimal
schedule, i.e. the royalty rate for every value of the tract is increased. A similar affect
is associated with the firm becoming more knowledgeable about the value of the tract
than the seller - the optimal schedule becomes steeper.

Assuming that the firm’s actions are no longer exogenous, but are determined
optimally, Leland provides some reéults on when the optimal schedule can achieve
the Pareto optimal production level. When the royalty system is based on the firm’s
revenues, Pareto optimal production can never be achieved, as a Pareto optimal
schedule is possible only if it does not affect the firm’s actions after the auction.
A Pareto optimal schedule is based on the true realized value of the tract, and can be
linear, but a convex (concave) schedule will lead the firm to under (over) produce.

While Leland (1978) presents some very interesting and quite broad results
regarding the properties of the optimal payment schedule, the setting he considers
makes some of the questions studied in this thesis impossible to address. First and

most important, Leland does not actually model the bidding competition, and since
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there is no private information, this is equivalent to assuming only one bidder exists.
Naturally the question of whether or not to enter the auction, which is the focus of
this study, cannot arise. Secondly, the payment schedule, and specifically the royalty
rate, is specified in the lease and dep'en‘dsr on the value of the tract, on which the
bidder has no influence at the time of the auction. The auction (which is not actually
modeled) is a first-price auction (although bidders are assumed to bid truthfully), and
the optimality of the payment schedule is measured only by its effect on the seller’s
revenues.

The literature on optimal contracting in principal-agent problems often deals
with the construction of an optimal payment schedule. Busquet, Cremer, Ivaldi &
Wolkowicz (1998) characterise the optimal contract between a single, risk-neutral
seller of a patent to the single, risk-averse, buyer. No auction takes place in this
setting. Two of their results are as follows. A fixed-fee contract is never optimal with
arisk-averse buyer, i.e. some level of risk sharing through royalties is optimal. Under
demand uncertainty the optimal contract involves an ad valorem royalty system, as
opposed to a per-unit royalty rate.

A different approach is taken in Riley (1988), who considers an interdependent
valuations auction model, where bidders are symmetric and risk neutral. He then
makes alternative assumptions about the payment rule in the auction, (in each case
however, the winner’s payment is not dependent on bids alone), and examines the

effect that this has on the auctioneer’s revenue. One of the settings Riley considers,
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and the one most closely related to our model, is that of the pure royalties auction,
where bidders bid in terms of royalties and the highest bidder wins and pays his
bid times the value of the item, which is derived from the realisation of a random
variable. He finds (proposition 6) that the expected payment of the winning bidder
in the pure royalties auction is always greater than that in the equivalent first-price
cash auction. It is perhaps interesting to note at this point that some results in this
thesis are in apparent contradiction to Riley (1988). There are three main differences
between the model analysed here and that of Riley (1988). Firstly, Riley’s setting
does not explicitly model the market after the auction, so that the winner cannot
affect the value of the item by his or her actions. Royalties in this setting are applied
to output which is assumed to depend on some random variable which bidders can
only estimate before the auction, and is revealed fully (after some cost is incurred)
after the auction. It is clear that such a framework assumes away the distorting effect
that royalties have on production decisions, which may in turn reduce output, and
thus the auctioneer’s revenue. At the concluding part of the paper, however, Riley
does remark that in a model where the level of output is in fact chosen optimally by
the winner after the auction, the seller’s revenue maximising royalty rate is strictly
positive.

This result relies heavily on what was termed by McAfee & McMillan (1986)
the ‘bidding-competition effect’ of an increase in the royalty rate which an auction

winner is due to pay. This effect makes bidders in a first-price auction with royalty
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payments bid more aggressively as a result of an increase in the royalty rate. The
intuition behind this bidding behaviour as McAfee & McMillan present it, is that an
increase in the royalty rate reduces the asymmetries among bidders’ signals, net of the
ex post royalty payments (which are independent of the identity of the winner and his
or her valuation), and thus it induces more aggressive bidding behaviour. This effect
of an increase in the royalty rate is similar to the effect a reduction in the variance
of the distribution of signals would have on the bidding. This leads us to the second
important difference between the model developed here and that of Riley (1988).
While we use the (fixed fee or cash) second-price auction as a benchmark, Riley’s
analysis is based on a first-price auction. In a first-price auction, the winner’s ability
to gain some rent is due to his private information, and a reduction in the significance
of this private information causes a reduction of rents. This effect prevails up to the
point where there is no private information at all, i.e. when all bidders share the same
valuation for the item on sale, where each bidder would have the incentive to increase
his bid until no rent gains are possible. In the second-price auction on the other hand
the amount the winner pays is independent of his own valuation, and therefore of
his private information. A reduction in the significance of private information will
not induce the same effect on bidding behaviour in the second-price auction, in fact,
following an increase in the royalty rate, it would still be in bidders’ interests to bid

their true valuations, net of the expected royalty payments.
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And lastly, Riley’s model assumes bidders are symmetric and risk-neutral. In-
tuitively, in this framework bidders are not likely to be able to gain from the intro-
duction of royalty payments to the auction. We on the other hand, look specifically at
a situation where royalties are used to improve the position of (some) of the bidders
in the auction, naturally this could come at the expense of the auctioneer (at least in
expected terms).

Hansen (1985) considers the independent private-values framework, with risk
neutral bidders. No post-auction decision making is modeled, and so bidders infor-
mation about the items value is unchanged as a result of the auction. Two alternatives
to the common cash-bidding system are studied: Stock bidding for corporate control,
where bidders bid in terms of the percentage of the merged entity that will be owned
by the seller after trade occurs; and profit-share bidding for oil leases, where bid-
ders bid in terms of the percentage of expected profits that they are willing to pay
the seller. Profits, of course, would have to be assumed observable. Both auctions
are of the open-auction format. In this setting, Hansen finds that both of these non-
cash auctions generate higher expected revenue to the seller than the equivalent cash
auction.

Reece (1979) considers three alternative bidding systems for offshore oil leases;
bonus bidding, i.e. a cash first-price auction; profit-share bidding, and royalty bid-
ding, where bidders bid in terms of royalty rates which will be applied to the true

value of the tract, that is realised after the auction. All auctions are of the first-
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price format, bidders are risk neutral, and no post-auction decisions are taken by
the winner. In this setting, Reece finds that the seller’s revenue is the highest under
profit-sharing and lowest under bonus bidding. This relationship is enhanced when
the value of the tract becomes riskier, or when biddgrs become fewer.

An empirical study that deals with some of these issues is that of Moody (1994),
who provides an empirical analysis of the experimentation by the US government
with alternative bidding systems for offshore oil tracts, conducted in the 1980s. One
of the announced aims of these experiments, was to encourage small companies to
participate in the bidding by reducing the up-front amount of cash required. Four
alternative bidding systems were experimented with; a combination of cash bids and
some sliding scale rate of royalties, varying with the level of production after the
auction, between 16% and 65%; a combination of cash bids and some pre-fixed level
of profit share, varying between 30%-50%; cash bids, combined with a pre-set 12.5%
royalty rate on production; and cash bids combined with a pre-set 33% royalty rate
on production. Bidders are assumed identical, that is they all have the same cost
but they can decide whether to buy an estimate of the tract’s value — their signal —
which will then be known to them privately. Bidders are assumed risk neutral. The
number of bidders participating in the auction is assumed to be that which equates the
- expected gain from winning the auction, calculated before bidders acquire a signal,
with the cost of acquiring a signal. The entry decision is thus an indirect one, and it

is assumed to be taken when all bidders are identical in all respects.
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Moody’s results show a positive relationship between the use of the sliding
scale system and the number of bids received. No other bidding system showed any
significant relationship to the number of bids. None of the alternatives was found
to be associated with a lower (up-front) pash bids, which is taken to imply that the
increase in the number of bids is not likely due to small companies in particular. The
proportion of small companies (i.e. not in the top 20) was found to be the greatest in
the traditional system (which was cash bids plus 16.67% royalty rate on production).
The number of small companies was larger still if information on joint bidding (where
several companies bid together) was included.

The study conducted in this work is primarily theoretical, but it stems from real-
world experiences with telecom auctions, and thus aims to take account of as many
‘real-world’ features as possible. This was not done thoughtlessly, but in the hope
that in a field such as auction theory, in which an opportunity is presented to observe
the theory’s predictions in real-world situations, and develop it in a more realistic
direction, such an approach is interesting and meaningful. Naturally, this requires
creating a model that unites different aspects of the literature that are typically studied
separately. It is therefore difficult to build on the existing literature to provide precise
guidelines for our task. Nevertheless, our study is one of auction design, a question
that is addressed in the literature over and over again in many different settings and
structures, and thus all of these provide the framework for our study even though no

one fits perfectly.
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Chapter 3
The Second-Price Royalty Auction with a
FiXCd-Fee Element the ‘one incumbent - one entrant’ case

We now turn to the main body of tlﬁs study - the theoretical investigation of the
use of royalty bidding in telecom auctions, in order to promote the participation of
non-incumbents. A second-price royalty auction with a fixed-fee element, as intro-
duced briefly in the first chapter, is the main object of our investigation. We present
a model which aims at capturing the most important features of the telecom auction
environment with a view to explaining the actions and reactions of all participants in
the game. However, in trying to achieve this goal we have had to abandon the pursuit
of a more generally applicable tool, as simplifying assumptions became necessary to
make the issues at the centre of this analysis tractable. We shall try to point out these
limiting assumptions and their possible consequences as we go along.

We now turn to the formal development and analysis of a second-price royalty
auction with a fixed-fee element, first in the simplest setting that allows the relevant
issues to arise; the one incumbent - one entrant case. In doing so we aim to answer

the following questions:

e Is the introduction of royalties to telecom auctions promotional to entry?

e When is it advisable to use royalty bidding in the telecom auction environment?
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3.1 Description of the Game

With a view to the Hong Kong experience, the central object of our analysis is a
second-price royalty auction, where an additional cash component is introduced in
order to balance between the distortion of the market, caused by the royalty pay-
ments, and the promotion of entry of risk-averse potential bidders. Before the auction
is run in the second stage of the game, we allow non-incumbents to choose whether
or not to enter and become bidders in the auction. This is the ’entry stage’, where the
success of the pursuit of entry can be measured. After the auction the winner oper-
ates in the telecom market, where his or her actions determine the level of production

and royalty payments. Stages will be presented and analysed from third to first.

3.1.1 The Market

In the third stage the winner of the auction in the second stage operates the 3G tech-
nology, and serves as a monopolist provider of telecommunications services in the
market, for one period. By the end of this period his or her revenue (R) is observed,
and the appropriate share to be paid as royalties to the auctioneer is determined and
transferred®.

The market for 3G services is a new market and therefore actual demand for
these services is unknown until the beginning of the third (market) stage. The ran-

domness of the demand is modeled using the random variable A, which is assumed

6 We assume, in acordance with the usual practice, that profits are unobservable.
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to follow a Gamma distribution with density function: f(A) = LA™e 2, with
mean u = m+ 1 and variance 02 = m + 1. We assume that the inverse demand

function, that gives price as a function of quantity produced, takes the form:
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It is already necessary at this stage to point out the simplifying assumptions
made by assigning specific functional forms to variables. These are made for the
purpose of simplifying the algebra, and are not crucial for the analysis. Special at-
tention should be given to the term p° which is some (large) constant number that we
introduce into the market demand in order to avoid the need to take account of pos-
sible bankruptcies that might otherwise occur when the market demand is revealed.
A fuller analysis that includes the possibility of bankruptcies is briefly sketched and
presented in appendix A.

The winner of the auction in the second stage is assumed to operate as a profit
maximising monopolist in the telecom market, by choosing the optimal quantity he
or she supplies. The realisation of A is assumed to be revealed right after the auction,

or just before the winner has to make this decision.

3.1.2 The Auction

In the second stage the auctioneer runs a second-price royalty auction with a fixed-
fee element (which will be formally defined below), in order to sell a single licence

for operating the 3G technology in the market, for one period.
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Two potential bidders participate in the auction. One is an incumbent who
is assumed to be risk-neutral, and the other is a risk-averse entrant. This is a very
important assumption in our model, and is the one that ultimately allows us to analyse
the entry behaviour of non-incumbents? and to attribute any changes in that behaviour
between different auction formats to their increased sensitivity to risky environments.

The entrant’s utility function is assumed to take the form:

u(m)=1—e>"

where 7 is profit and ) is the entrant’s degree of (absolute) risk aversion.

Both bidders are assumed to have the same constant unit-cost of production
¢ > 0. However, bidders’ types are defined by their fixed costs of operating in the
market.

We begin the analysis by establishing the simplest setting that still allows us
to address 'the questions in the core of this study; for the moment we assume that
the incumbent may have only one possible type. This means that the incumbent’s
fixed cost of production is set equal to I, moreover, we assume that this is common
knowledge among both bidders and the auctioneer. The entrant’s fixed cost of pro-
duction E is a random variable with a rectangular distribution: E «~ U [E, E|], where
E < I < E. The realised value of F is revealed to the entrant alone, only after he
chooses ’entry’ at the entry stage, and before he makes his bid in the auction.

The second-price royalty auction with a fixed-fee element is defined as follows;

Bidders bid in the auction in terms of royalty rates satisfying r € [0, 1]. The winner is
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the bidder who bids the highest rate. Any bid made in the auction is a commitment by
the bidder to pay the auctioneer a fixed fee of F'(r) right after the auction ends, and
conditional upon winning. The auction follows the second-price format and thus = in
the term F(r) is the second-highest royalty rate that was bid in the auction (in what
follows this will be referred to as ’the effective royalty rate’). F'(-) is some function
of the royalty rate that is set by the auctioneer. Recall that the effective royalty rate is
also applied to the winner’s revenue R (from operating in the telecom market for one
period), to determine the amount of royalties he or she will have to pay (in addition
to the amount F(r)) after the third stage of the game. The total payment the winner

of the auction pays the auctioneer is therefore:
F(r)+rR

The function F(-) is designed by the auctioneer in advance of the auction, and
is known to both bidders at the beginning of the game. At this point we place a single
mild restriction on the possible shape of the F'(r) function - the total expected payoff
of bidders from participating in the auction should be decreasing with the royalty
rate, i.e. with their bids. This restriction is not too strong as it basically means that
F(r) should not decrease so fast that by increasing their royalty bids marginally, the
loss the winner would make from the increase in the amount of royalties he or she
will pay after the third stage, is more than offset by the gain from the drop in the
cash payment after the auction. If this restriction does not hold bidders will have an

incentive to increase their bid up tor = 1.
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The auctioneer can also set a reservation royalty rate r( that is revealed to all

bidders.

3.1.3 The Entry Stage

Entry to the telecom auction is costly - bidders in the auction are assumed to face
a fixed cost of entry f > 0 which is not paid to the auctioneer or set by her. The
entry cost f should be interpreted as the cost of actions such as conducting a market
survey and preparing a business case, without which borrowing the money to finance
an auction bid would be impossible. In telecom auctions these costs could be quite
substantial, however, we assume, in accordance with real world evidence, that f is
small enough so the incumbent will always enter, and thus we concentrate on the
entrant’s decision regarding whether or not to enter the auction.

Before the auction, and most importantly, before he learns the fixed cost E that
determines his type, the entrant has to decide whether or not he wants to pay the cost
of entry f and become a bidder in the auction. If he chooses to enter he then learns
E and the second stage auction begins, if on the other hand he chooses not to enter,

the incumbent wins the licence and pays the auctioneer: F(rp) + roR.

3.2 Analysis of the Three-Stage Game
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3.2.1 The Market

In the third stage of the game - the telecom market - there is no more uncertainty left
unresolved. In particular, the value of the random variable A is realised, and so the
market demand becomes known. Whoever wins the auction will therefore behave in
the same way in the market; the owner of the licence operates as a profit maximising

monopolist, whose profit is given by:
A
m(a) = la(5)* +pl(1-1)~cq -G

where the first term is the winner’s revenue after paying the royalty rate r , and the
second term is the variable cost, in the assumption of constant unit cost ¢ > 0. The
parameter G € {I, E'} is the winner’s fixed cost, I is the incumbent’s fixed cost, and
E is the entrant’s. The fixed-fee component F(r) of the winner’s payment to the
auctioneer, is assumed to be paid right after the auction ends, and before the winner
begins to operate in the market and learns A. It is thus regarded as a sunk cost, and
doesn’t affect the winner’s behaviour in the market.

Profit maximisation requires:

= (= )(1—7')——4(1—7')( )( )—c=0

= = —(1—r)(—)§—c=o
1-

¢ = ((l—r)A ) =A()
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Substituting this into the inverse demand function to find the optimal price and

revenue we get:

. Aai p° 2 P, 2

Pt = (;1:)24'5;—1_7, A=)

. -7, 2 p1-r, , 1-r 0
B = A 2c)[1—r+A( 2c)]_A( 2c )+p

where * represents optimal values.
It is now possible to find the maximal profit, which is a random variable before

A is revealed. We call this random variable 7.y :

1- 1-
Mo = [A(5 ) +77(1 1) — A7) = C
2 )2
m = Al 2;) _all 4;) +(1-r)p° -G
2
Tmax = A(l—4f—)+(1—r)p°—a ()

We can now try to say more about the magnitude of the constant p° that will
be sufficient to insure that the winner of the auction does not make a loss in the
telecom market. 7., is an increasing function of A, which itself takes only non-
negative values, is it therefore possible to insure that 7,y is always non-negative by

imposing A = 0 & 7. > 0. This requires that:

P’A-r) > G

P >

where 7 is the effective royalty rate, and G € {I, E'} is the winner’s fixed cost.
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It is already apparent that the minimum value of p° that is sufficient to insure
that the operator of the licence in the telecom market breaks even is dependent on
information - the effective royalty rate - that is unavailable to us before the auction

stage.

3.2.2 The Auction

One licence, allowing its owner to sell telecom services to consumers for one period,
is offered for sale using a second-price royalty auction with a fixed-fee element. At
the time of the auction both bidders are uncertain as to the value of this licence;
both, however, hold the same information with regards to its value. The information
concerning bidders’ types is not common though - the entrant alone knows his fixed
cost is equal to F, while both bidders (and the auctioneer) are assumed to know that
the incumbent’s cost is I. The bidders’ attitudes towards risk also affect their bidding
behaviour. Since this auction is essentially a second-price auction, we assume both
bidders will follow the simple dominant strategy of bidding their true valuation (in
expectation) for the good. The risk-neutral incumbent will bid the royalty rate that
equates her expected profit to zero, while the risk-averse entrant will bid the rate
that equates his expected utility of profit to the utility he gets from zero profit. Recall
however that the winner of the auction has to pay the auctioneer an additional amount
of F(r) right after the auction (where r is the second highest bid), and thus both

bidders will take this into account when bidding. The entrant will therefore bid such
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that:
Bu(max — F(p®)) = (0)

while the incumbent will bid such that:
E("rmax - F(pI)) =0

where p? and p! are the entrant’s and incumbent’s bids respectively.
The entrant’s utility function is: u(m) = 1 — e, to calculate his bid he will
have to solve:
/ (1- e-"A(I—I;LEﬁe—A(l—pE)p°eAEeAF(pE))A_Te—AdA = 0
m!

_ =N 1=pP)P AE AF(E) / we—Aﬂ‘—;"fﬁ_A_"fe—AdA — 0
0 m.

Define: A(&l;cLEL2 + 1) = AB = z. The entrant’s problem then becomes:

1 — e~ 1=PP)° AE AF(0F) / _x( )m( 1 dm — o

1 — e~ 212"’ AE AF(PE)( )m+1( ) / “Iz™dr = 0

The integral can be evaluated by iterated integration by parts:

(o o}
/ e z"dx = m!
0

Substituting the definition of G into what is left we get:

2
Al = p5)? +1)~m+D) — g

1— e—A(l—pE)po eAEeAF(pE) ( A(1
4c
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Taking the logarithm of both sides we can define the entrant’s bidding function:

0 = AE+AF(p") = M(1-p")p" = (m+1)In(1+ 3‘(1—;13@)
E+F(p®) = p’(1-p%)+ mTH (1 + 23 =27 ;c”E)2)

Assuming ) is positive but small, we can use a Taylor series approximation of
the last term, in which terms in A3 and higher are neglected, to simplify further the

formula for the entrant’s bidding function:

A1 — E\2 /\2 _ . E\4
E+F(p®) = p°(1—pE)+m:1[ a 4cp) —% (116;)
B+ FF) = - ")+ T ey 20D ey

A similar calculation could be carried out in order to get to the incumbent’s
bidding function:

[T@8EE Ly -1 R etan = 0

01 — oIy — T — (ol == I)zAm—A _
pP’(l—-p)—1 F(p)+/ A yP— dA = 0

P’A-p")—I-F(p')+ ————-( )

/ A™e™8dA = 0
Integrating by parts:
/0 T AmHemAgA = (m+1)!
We get the incumbent’s bidding function:
1+ F(p) =1 - ) + T Dy )
Note that, as expected, the incumbent’s bidding function (3) is the same as that

of the entrant’s (2), with A = 0.
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We can now examine the two bidding functions in order to identify the forces
that influence the bidding, and could be used by the auctioneer to achieve her goals.
The LHS of both (2) and (3) represent the bidders’ fixed-fee component of the pay-
ment, and it is clear from the formula that whether this payment is made to the auc-
tioneer after the auction F'(-), or it is invested in the building of the infrastructure at
the beginning of the third stage, makes no difference to the bidders, and both will re-
act in the same way to a change in either of them. Bidders will differ however in the
magnitude of their reaction to a change in the fixed-fee component, with the entrant
reacting more rapidly to such a change.

These will turn out to be important observations, as the design of the fixed
fee schedule F(r) is the main tool in the hands of the auctioneer in this framework,

which she will use in order to manipulate the bidding to achieve her goals.

3.2.3 The Entry Stage

At the first stage of the game the entrant is the only one who moves - he has to
decide whether or not he is willing to pay the cost f of entry in order to become a
bidder in the auction. When he makes this decision the entrant does not know his
own type E yet. Otherwise, his information is similar to that of the incumbent (and
the auctioneer) at this stage. It includes: the incumbent’s type I; the distribution of

the entrant’s type E «~ U|E, E|; the entry cost f; and the exact form of the fixed-fee
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function F'(r). The entrant will use all of the information in his possession in his
decision regarding entry.

We assume the boundaries of the distribution of the entrant’s type E and E are
such that there exists a value for the entrant’s ﬁxed cost for which a tie in the bidding
occurs. We call this value Ey;, : E = Ey. = pP = p’. It is clear that the entrant
will win the auction whenever E < Ei;., and will lose it otherwise. Since the entrant
is risk-averse while the incumbent is risk-neutral, we expect that: E, < I. The

value of F;, can be calculated using (2) and (3) to verify this relationship:

(m+1)(1—pP)®  Am+1)(1 = pPre)t
4c 32¢?

Eyie + F(p™) = p°(1 — p™) +

But by definition we have: pfte = p!, and so from (3) we get:

A(m +1)(1 — pyt
32¢?

Eyo=1-— 4

The value of Ey;. turns out to be a good measure of the entrant’s relative po-
sition in the auction, and thus central in the analysis of the entrant’s entry decisions,
with higher values corresponding to more chances of entry. We therefore turn to a
careful examination of the nature of Ei;,.

It is apparent from (4) that E,;, is a function of the incumbent’s known type I
and her bid p’, which itself is dependent on her type I and on the fixed fee F(p!)
that corresponds to }her bid. It is independent of the entrant’s actual type E. It is
interesting to note that while an increase in either I or F” will affect p’ in the same

way - both will cause the incumbent to reduce her bid - they have a very different

7 F here is constant to indicate the value of the fixed fee at the incumbent’s bid.
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effect on Ey;., with the former causing it to increase and the latter causing it to drop.
In other words, for a given F(-) function, a drop in the incumbent’s bid p’ could
only be a result of an increase in her fixed cost I, this is a piece of good news for
the entrant since the incumbent’s cost has no bearing on him, his relative position
in the auction is improved, and the increase in Ey;. is an expression of this. This
effect is depicted in figure 3. On the other hand, for a given known value for the
incumbent’s cost I, a similar drop in her bid is a signal of an increase in the fixed fee.
This piece of news is not such a good one for the entrant as the fixed fee applies for
both bidders and thus Ae reduces his bid as a result as well; moreover the entrant does
so by more than the incumbent (due to his risk-aversion) and so his reiative position

in the auction worsens. This effect is depicted in figure 4.

m+1 2
3 - o
4 PO(1-r) T (1-r)

m+1 2A(m+1)
Po(1-r) +—4c (1-r) e

(1-n*

Bt F+l,

\ .

=l 4

Figure 3: Ey; is increasing with 1.
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4 a = the increase in (Ey, + F)
b = the increase in F
We have b>a => Ey, drops

F; +Eti'e
Fo"Et:e ’.

Figure 4: E;. is decreasing with F'.

Note that the fact that the figures are drawn with a constant F(r) function is
not meant to prejudice the optimal shape of the fixed-fee schedule. We will examine
the auctioneer’s task in designing the full schedule in the next chapter.

The entrant will decide, in the first stage of the game, to enter the auction
whenever the expected utility he derives from bidding in the auction is greater than
or equal to the utility he gets from staying out. That is, he enters whenever the

following expression is non-negative:

Etie I 0 I A(l — pI)2 E
/ (1—eM PEAF(P) =2 (1—p >(T+1)-<m+1>) f(E)YdE+ | (1—eM)f(E)dE
E. Eh’c
)
The first integral in (5) is the expectation of the entrant’s utility if he enters the auction

and wins, the second integral is his expected utility if he enters and loses, this has to

be equal to or greater than zero, which is what the entrant gets if he decides not to
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participate in the auction at all. Note that the royalty rate that appears in (5) is the
incumbent’s bid p’, which will be the effective royalty rate in case the entrant wins
the auction, and which is assumed at this point to be known to the entrant (we still
assume that I is common knowledge at this pqint).

Recall that the entrant does not know his own fixed cost at this stage and so his
decision regarding entry is based on his expected position in the bidding competition,
relative to that of the incumbent, which he knows. The incumbent’s bid, see equation
(3), is a function of her fixed cost I and the value of the fixed fee at her bid F'(p’), this
is all the information the entrant needs in order to make his entry decision, (except
for the entry cost f).

Let us characterise the entrant’s decision whether or not to enter the auction
as follows; for a given cost of entry f, there exists a value of royalty rate, so that,
if circumstances were to lead the incumbent to bid exactly that value, the entrant
will find himself indifferent with regard to entering the auction. We call this value
(I, F(p!), f), and it is defined by equating the expression in (5) to zero, replacing
the incumbent’s bid p! with r* and solving. It is not necessary, however, to solve
explicitly for the threshold value 7* in order to analyse some of its characteristics.

It is important to note that the threshold value r* is defined for a given set of
variables: (I, F(p'), f) and that there is only a single point on the fixed-fee schedule

that affects this value - the value of the fixed fee at the incumbent’s bid®. The value

8 Recall that at the time he decides on entry the entrant does not know his own cost. All the informa-
tion he has at this point is epitomised in the incumbent’s bid which is affected by only a single value
of fixed fee. This point is further explained below.





























































































































































































































































































































































































