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Executive Summary
1.

Sweden’s Electronic Communications Act, EkomL, gives PTS the option to use
auctions for the assignment of spectrum. PTS has commissioned this report
from A-Focus and DotEcon to describe and analyse approaches to spectrum
auction design, and make recommendations on the use of auctions for
assigning spectrum in Sweden.

2.

Our core recommendation is that PTS should normally favour auctions over
comparative selection (beauty contests) for assigning scarce spectrum. If
well designed, auctions typically produce more efficient outcomes, are more
transparent, and are less vulnerable to legal challenge and allegations of
unfairness. To use comparative selection in preference to an auction, there
needs to be an expectation of market failure using an auction or overriding
public policy objectives that cannot be achieved through a combination of an
auction and other policy instruments.
Auction design

3.

Analysis of auction design choices in this report is complemented by detailed
case studies of four European auctions – the UK, German and Danish 3G and
UK BFWA contests – and further comparisons with auctions worldwide. The
report also considers a number of scenarios for spectrum assignment in
Sweden, and the type of auction rules and procedures that may be
appropriate in each case. A number of lessons for auction design can be
drawn from this analysis:
The packaging of licences (e.g. spectrum endowment, national versus
regional licensing, use of roll-out and other obligations) has a big impact
on the willingness of bidders to participate in auctions. It is sometimes
possible to use auctions to determine some parameters of licence
packaging, but care must be taken not to introduce aggregation risks for
bidders and/or create incentives for anticompetitive bidding.
Auctions rely on competition to produce an efficient outcome. They can
be vulnerable to sudden deteriorations in market conditions or attempts
by bidders to ‘fix’ demand. Robust rules are required to minimise the
risk of collusion before or during auctions. Contingency plans to deal
with sudden changes in market circumstances may also be beneficial.
Understanding the level of demand is an essential element in auction
design, which is often overlooked. Many of the perceived failures
amongst European 3G auctions can be attributed to a failure to tailor
auction design to local demand conditions.
If there are significant asymmetries between bidders (e.g. between
incumbents and potential entrants), this may deter potential entrants
from bidding. Auction design can be used to encourage entrants to
participate and ensure that advantages are not magnified.
Where there are multiple spectrum licences available, then are often
substitutes or complements. In order to facilitate an efficient outcome,
bidders should ideally be able to switch between substitute licences on
the basis of relative price and make bids that reflect the value of any
synergies between licences.
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Auction formats
4.

There are a number of different auction formats that could be used for
assigning spectrum, depending on the specific circumstances. The formats
vary depending on whether the auction takes place over single or multiple
rounds, licences are sold simultaneously or sequentially, and whether bids for
licences are submitted separately or can also be linked (combinatorial).

5.

An ascending bid auction format, such as a Simultaneous Multi Round Auction
(SMRA), is the default design for spectrum auctions. SMRAs should normally
deliver an efficient auction outcome. They are well tested in practice, and are
flexible.
SMRAs can vary from relatively simple processes to complex
designs, depending on the exact rules.

6.

Where there is concern about weak demand and/or large asymmetries
between bidders (e.g. entrants and incumbents), an SMRA may deter entry
and result in an uncompetitive auction. In this case, using a single-round
sealed bid (or sealed bid-SMRA hybrid) may produce a more competitive
auction and thus a more attractive outcome.

7.

Combinatorial bidding can improve the efficiency of either an SMRA or single
round, sealed bid, where there are strong synergies among licences for some
bidders, and the pattern of those synergies varies for different bidders.
However, combinatorial auctions with large numbers of licences may be
complex for bidders to understand.
Detailed auction rules

8.

Getting the detailed auction rules and procedures right is just as important as
picking the appropriate format. These need not be long or particularly
complicated but their impact on bidder behaviour must be carefully thought
through.
Detailed rules – such as activity requirements, pricing, bid
increments, and use of reserve prices and deposits - are highly case specific.
Recommendations on such rules can only be made on the basis of detailed
analysis of a specific assignment.
Auction execution

9.

Good auction design should be complemented by effective marketing of
licences and clear administrative procedures. Bespoke auction software and
remote bidding can be used to reduce costs for bidders and improve the
efficiency and transparency of auction. They can also be used to facilitate
relatively complex auction formats, such as auctions with many regional
licences or combinatorial formats. There is no reason why logistics should
constrain the choice of auction format.

10.

It is very important that the authorities establish a clear legal framework for
the auction and stick exactly to the rules that they lay out. Rules in relation
to bidder association, consolidation and default are particularly important.
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Sammanfattning
1.

Den svenska lagen om elektronisk kommunikation, EkomL, ger PTS möjlighet
att använda auktioner som metod vid tilldelning av tillstånd för användning
av radiofrekvenser. Mot bakgrund av detta har PTS givit A-focus, i samarbete
med DotEcon, i uppdrag att beskriva och analysera möjligheterna att
använda olika auktionsformer, samt att ge rekommendationer vag gäller
användning av olika typer av auktioner vid tilldelning av radiofrekvenser i
Sverige.

2.

Vår grundläggande rekommendation är att PTS i normalfallet bör föredra
användningen av auktioner framför jämförande urvalsförfarande, sk
skönhetstävlingar, vid tilldelning av frekvenser. Under förutsättning att de
utformas på ett genomtänkt sätt är det vår uppfattning att auktioner är ett
mer effektivt sätt att hantera tilldelning av radiofrekvenser. Dessutom är de
mer transparenta samt mindre sårbara vid eventuella överklaganden. För att
kunna motivera användandet av jämförande urvalsförfarande framför auktion
bör det finnas belägg för att en auktion skulle misslyckas (sannolikhet för sk
market failure) eller att det finns överordnade allmänna mål som inte kan
uppnås genom en auktion i kombination med andra instrument.
Auktionsutformning

3.

Analysen avseende utformning av auktioner har kompletterats med
detaljerade fallstudier av fyra olika auktioner i Europa – 3G-auktionerna i
Storbritannien, Tyskland och Danmark samt BFWA-auktionen i Storbritannien
– vidare har ytterligare jämförelser gjort med auktioner i andra länder, i och
utanför Europa. Studien omfattar också ett antal scenarier avseende
tilldelning av tillstånd för användning av radiofrekvenser i Sverige och de
auktionstyper, utformningar och tillvägagångssätt som skulle kunna vara
aktuella i respektive typfall. Utifrån ovanstående analys kan att flertal
slutsatser dras:
Utformningen och paketeringen av ett tillstånd (t ex spektrumfördelning,
nationella kontra regionala tillstånd, skyldigheter avseende utbyggnadstakt, befolkningstäckning och annat) har betydande påverkan på
intresset hos potentiella budgivare att deltaga i en auktion. I vissa fall
är det möjligt att hantera och fastställa en del av dessa parametrar i
själva auktionen. Försiktighet bör dock iakttas så att detta inte medför
negativa effekter för auktionsdeltagarna eller att incitament för
konkurrenshämmande budgivning uppstår.
Effektiviteten i en auktion baseras på konkurrens i budgivningen. De kan
därför vara känsliga för plötsliga försämringar av marknadsförutsättningarna och efterfrågan eller försök att manipulera efterfrågan
i syfte att minska antalet budgivare i auktionen. Robusta och kraftfulla
regler behövs därför för att minska risken för konkurrenshämmande
hemliga överenskommelser före eller under auktionen. För att kunna
hantera eventuella plötsliga förändringar i marknadsförutsättningarna
kan det också vara lämpligt att ha alternativa auktionsupplägg i
beredskap.
Förståelsen för marknadens efterfrågan är en väsentlig, men ofta
förbisedd, del vid utformningen av en auktion. Många av de mindre
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lyckade 3G auktionerna i Europa orsakades av oförmåga att förstå och
anpassa auktionsutformningen till de lokala förutsättningarna och
efterfrågan på de aktuella tillstånden.
Om det föreligger betydande asymmetri mellan potentiella budgivare
(t ex mellan nya och redan etablerade operatörer) kan detta avskräcka
icke etablerade operatörer från att deltaga i en budgivning. Problemet
kan hanteras av en genomtänkt auktionsutformning som säkerställer att
icke etablerade operatörer också ges incitament och uppmuntras att
deltaga.
I de situationer där det finns flera tillstånd tillgängliga är de normalt sett
komplement eller substitut. I syfte att möjliggöra en effektiv auktionsbaserad tilldelning är det då betydelsefullt att, när så är möjligt, låta
budgivarna ha möjlighet att hoppa mellan de olika substituerbara
tillstånden utifrån deras olika relativa priser eller att lägga bud som
reflekterar värdet på synergier mellan kompletterande tillstånd.
Auktionsformat
4.

Det finns ett flertal olika typer av auktioner som kan användas för tilldelning
av tillstånd för användning av radiofrekvenser, utifrån de särskilda
omständigheterna i varje situation. Typen av auktion varierar beroende på
om det är en eller ett flertal budgivningsrundor, om flera tillstånd skall säljas
samtidigt eller efter varandra, samt om endast enskilda bud läggs eller om
det också tillåts att bud läggs på flera tillstånd samtidigt (kombinerade bud).

5.

En auktion med stigande budgivning, som ”Simultaneous Multi Round
Auction” (SMRA), är den auktionstyp som normalt sett är att föredra i
frekvensauktioner då den typiskt sett resulterar i en effektiv auktion.
Auktionstypen är flexibel och väl testad i praktiken. SMRA kan variera från
relativt enkla till komplexa utformningar beroende på de specifika reglernas
utformning.

6.

I de situationer där det finns anledning till farhågor avseende låg efterfrågan
eller betydande asymmetrier kan auktionstypen SMRA avskräcka nya aktörer
från att deltaga - med reducerad konkurrens i auktionen som följd. I sådana
situationer kan auktionstypen ”single-round sealed bid”, dvs ett dolt bud ges
in per budgivare och högst bud vinner, (eller sealed bid-SMRA hybrid)
resultera i en större konkurrens i auktionen och därmed ett bättre utfall.

7.

I de fall det för somliga budgivare finns betydande synergier mellan olika
tillstånd, samt att mönstren för dessa synergier skiljer sig mellan olika
budgivare, kan en kombinerad budgivning förbättra effektiviteten i såväl en
SMRA som för en ”single-round sealed bid”. Auktioner med kombinerad
budgivning kan emellertid vara komplexa och svåra för budgivarna att förstå.
Detaljerade auktionsregler

8.

Att finna den rätta utformningen av en auktions regler och procedurer är
minst lika viktigt som valet av auktionstyp. De behöver inte nödvändigtvis
vara omfattande och komplicerade men deras påverkan på budgivarnas
beteende måste noga tänkas igenom. Detaljerade regler avseende t ex
budaktivitet, betalningsregler, budökning, minimipris och depositioner är i
stor utsträckning situationsberoende. Generella rekommendationer avseende
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sådana regler kan därför inte ges utan de måste tas utifrån detaljerad analys
av respektive frekvenstilldelning.
Auktionsgenomförande
9.

En väl genomförd auktionsutformning skall kompletteras av en effektiv
marknadsföring av tillstånden samt tydliga administrativa procedurer.
Specialanpassad programvara för auktioner och fjärrbudgivning kan användas
i syfte att reducera kostnaderna och göra auktioner mer transparenta. Vidare
kan sådana verktyg också användas för att hantera relativt komplexa
auktioner så som auktioner med många regionala tillstånd där kombinerad
budgivning tillåts. Det finns ingen anledning att logistiska utmaningar skall
reducera valmöjligheterna av auktionsmetoder.

10.

Det är av betydande vikt att den berörda myndigheten fastställer tydliga
riktlinjer för auktionen och följer dessa. Regler rörande kopplingar mellan
budgivare, bildanden av konsortium och uteblivet deltagande är av särskild
betydelse.
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Introduction
Spectrum is a scarce public natural resource of crucial importance for the
market for electronic communication. The amount of usable spectrum is
finite and demand for spectrum can be expected to exceed supply in the
absence of pricing or rationing mechanism. Therefore, competing demand for
spectrum need to be resolved. Promoting efficient use of spectrum is a
primary goal of any spectrum management authority.
There are a number of different possible methods for assigning spectrum
licences to users. Traditionally, the PTS has awarded licences on a first
come, first served basis, or, where demand obviously exceeds supply, by
comparative selection (also known as beauty contests). However, depending
on specific circumstances, this administrative approach can be vulnerable to
criticism on the grounds of fairness, transparency and the efficiency of
current and future assignments.
As an alternative to comparative selection, other European governments have
in recent years experimented with market mechanisms (auctions) for primary
assignment of spectrum. Auctions are generally acknowledged to be effective
in identifying users who place the highest value on spectrum. However, they
have a mixed track record with respect to achieving other public policy goals,
such as promoting competition in downstream markets and realising the
market value of spectrum for the state.
According to Sweden’s new Electronic Communications Act (EkomL), PTS now
has the right to use auctions as a method for spectrum assignment. As a
part of PTS’s internal decision-making and policy evaluation process,
A-focus, in cooperation with DotEcon, have been commissioned to conduct a
study on the potential use of auctions for future assignment of spectrum
licences in Sweden. The objective of the study is to describe and analyse
different types of auction design, review their effects, and make
recommendations for their use by the PTS. Accordingly, this report focuses
on auction formats, rules and procedures, and only to a limited extent on
other important related issues such as frequency planning and spectrum
availability.
This report is split into four parts:
Part A provides an analysis of the key issues and choices in auction
design, both in theory and practice.
Part B provides case studies of four spectrum auctions in Europe, and
compares their auction design and outcomes to other auctions
worldwide.
Part C develops four scenarios for spectrum assignment that could
plausibly occur in Sweden, and discusses the auction design choices that
PTS would face.
Part D provides specific recommendations for the use of auctions in
Sweden.
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This study has drawn on a wide variety of sources, including interviews with
officials and design experts involved in auctions in selected European
countries, A-Focus’s own expert knowledge of the Swedish regulatory
environment for electronic communications, and DotEcon’s experience in
spectrum auction design and advising licence bidders worldwide. We have
also conducted a review of the extensive academic literature on spectrum
auction design. The references section at the end of this report provides a
guide for further reading.
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Part A:
Auction design
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2

Introduction to spectrum auction design
For Sweden, as with any country, the appropriate primary assignment
mechanism will depend on the specific circumstances in which particular
spectrum licences are being awarded. These choices include whether to use
an auction rather than an administrative allocation process and, if an auction
is used, its format and detailed rules.
There are three main factors affecting the decision for or against a particular
assignment mechanism:
the policy objectives of the allocation body;
the number and type of licences being awarded; and
the level and nature of current and future demand.
Failure to take adequate account of any of these three factors could result in
the choice of assignment method that produce outcomes that are perceived
as failures.
Just because one type of auction format worked well for a particular type of
licence in one country is no guarantee that it will produce a positive outcome
elsewhere. Furthermore, selecting the most appropriate auction format is not
enough to ensure a good outcome.
Decisions on detailed rules and
procedures can have as big an impact on both the auction outcome and
administrative burden of running the contest as the overall format.
This part of the report is split into three further sections:
Section 3 provides a general discussion of the advantages and
disadvantages of auctions as a tool for primary spectrum assignment.
We observe that, where there is excess demand for spectrum licences,
auctions should normally be preferable to comparative selection. A
possible exception is where there are strong public policy reasons
against relying on willingness to pay as the primary tool for
distinguishing between bidders.
Section 4 provides an overview of some of the main strategic problems
faced by the auctioneer and bidders in spectrum auctions, which need to
be taken into account in auction design.
Section 5 describes the key challenges in auction design, including:
choosing the auction format;
developing the detailed rules of the auction; and
designing administrative procedures to ensure smooth running of
the auction.
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3

Advantages and disadvantages of auctions
In many countries, auctions have now replaced administrative procedures as
the method of choice for assigning spectrum. The first spectrum auction took
place in the United States in July 1994. The FCC now uses auctions to
allocate spectrum for a wide variety of commercial purposes, from mobile
telephony to broadcasting. Many other countries in the Americas, Europe,
Asia Pacific and Africa have also assigned spectrum licences by auction,
usually on the basis of willingness to pay. In Western Europe, Austria,
Belgium, Denmark, Germany, Greece, Italy, Netherlands, Switzerland and the
United Kingdom have all held auctions to allocate licences for GSM, UMTS
(3G) and/or FWA licences.
From the perspective of governments, auctions offer a number of potential
advantages over administrative processes:
Efficiency. A well-designed auction is economically efficient, ensuring
that licences are awarded to those bidders with the strongest business
cases - which usually corresponds to their ability to generate most
economic and social value.
By contrast, with administrative
approaches, it may be difficult for regulators to define objective criteria
to distinguish between competing bidders.
In an auction, bidders have strong incentives to make bids that reflect
their true value of their licence, as they face paying what they bid.
This is not necessarily true with beauty contests, where applicants may
have an incentive to exaggerate their business cases in order to
increase their chances of winning a licence. Indeed, as governments
are usually very reluctant to revoke licences, some applicants may
calculate that there is little downside risk to making promises that they
may not be able to keep.
Public interest. Auctions enable the public to realise the full scarcity
value of licences through transfers from private operators. Raising the
“market value” of licences is often cited as a key objective in using
auctions, albeit one that is secondary to achieving an efficient
outcome.1
Wolfstetter (2001) argues that, provided an auction
outcome is efficient, revenues are akin to a “distortion-free tax”, and
that this is therefore a particularly advantageous way for governments
to raise revenues in order to finance their expenditure.2
Speed. Using auctions can be significantly faster and less-resource
intensive than comparative selection in assigning licences. Even quite
complex auctions, such as the simultaneous sale of many different
spectrum licences, can be completed in just a few days using
specialised auction software and bidding over the Internet or private

1

See, for example, the UK and German case studies in Part B.

2

Wolfstetter (May 2001), p.6.
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networks. The FCC has found that auctions can save months or even
years of regulatory or other delay.3
Transparency. Auctions can be designed to be completely transparent,
reducing the risk of accusations of bias and legal challenge from
unsuccessful applicants. By contrast, beauty contests are acutely
vulnerable to criticism. Many governments chose not to publish the
criteria on which comparative selections are made. This risks creating
the appearance that the government is making decisions that are
biased towards or against particular industry players. Even where both
criteria and scoring details are published, losing applicants may seek to
challenge aspects of the process. This could result in legal delays to
assignment, with detrimental effects for industry development and
competition4.
Although the cost of acquiring a licence through an auction can be
considerable, potential licensees may prefer auctions to comparative selection
because of their transparency and the certainty of being able to acquire a
licence if they have the best business proposition.
Some governments and spectrum users have, however, voiced significant
criticism of auctions as an assignment mechanism, especially in the context
of recent European 3G licence auctions, which generated wildly different
revenues. A few countries, notably France, have ruled out the use of
auctions for any form of spectrum assignment, preferring to rely on
comparative selection.5 The main criticisms of auctions are as follows:
Over-payment. There has been concern that auctions ‘encourage’
bidders to pay too much for licences. For example, it is now widely
perceived that licence winners (at least entrants) in the UK and
German 3G auctions, which collectively raised 80 billion US dollars,
overpaid. It is certainly true that auction outcomes may be affected by
current market sentiment as this is a major factor affecting the
willingness to pay of new entrants. However, it is not clear why
governments rather than spectrum users should be better placed to
judge the long-term value of licences in the context of fluctuating
market sentiment. Moreover, as licence payments are sunk costs,
high auction prices should not reduce the incentives that licence

3

US Federal Communications Commission (1999).

4

For example, Ireland’s award of a third GSM licence was delayed by around two
years owing to legal challenge from a failed bidder over the selection criteria. As a
result, the new operator (Meteor) launched into a market with high penetration and
slowing growth, instead of entering at the peak of the market’s expansion.
5
France’s decision to rule out auctions followed the debacle of its attempts to assign
four 3G licence in 2001. Contrary to some press reports, France assigned these
licences by conventional beauty parade, not auction. However, it initially tried to
assign the licences at prices apparently benchmarked against the high levels achieved
in the UK and German auctions, despite the subsequent deterioration in market
conditions. When only two bidders were forthcoming, it slashed the prices, eventually
assigning only three licences to each of the incumbent operators.
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winners have to roll-out services (subject to not increasing the cost of
capital faced by the firm) and should not affect pricing of services for
customers unless there is a significant impact on financing costs.
Collusion and strategic bidding. Some auctions raised less revenue
than anticipated as a result of strategic behaviour by bidders. For
example, the Dutch and Swiss 3G auctions raised only a fraction of the
revenues achieved in the United Kingdom and Germany, as deals
between prospective bidders reduced competition prior to the auction.
Meanwhile, some spectrum auctions, notably in the United States and
Germany, demonstrated ‘code bidding’ (using the smaller numbers in
bid amounts to send signals to other bidders). However, as we discuss
below, such problems are generally attributable to weaknesses in the
design of specific auctions, rather than any problem with auctions in
general.
Social implications. Assignment by auction may be perceived as
conflicting with broader public policy goals, such as promoting new
entry, rules on broadcasting plurality or use of spectrum for public
safety services. An auction solely based on bidders’ willingness to pay
will not capture the impact of any social externalities, so may not be
fully efficient. However, it may be possible to amend the design of the
auction to take into account such factors, for example by using a
hybrid process that combines willingness to pay with offers on other
service attributes, such as roll-out. Also, there are simple solutions to
the problem of socially provided services, such as providing subsidies
to the public bodies charged with providing these services in order to
acquire spectrum. Such an approach is: transparent; identifies the
cost of the social obligation; is consistent with State Aid rules; and
provides good incentives to minimise unnecessary use of spectrum.
Loss of control.
Many governments remain reluctant to devolve
spectrum assignment to the market, as this removes a lever for
exercising influence over downstream markets.
However, the
economic case for intervening in spectrum assignment to affect a
service market (e.g. mobile phone services) is generally weak.
Normally, it will be more effective to use regulatory or competition
policies aimed directly at the service market. Using spectrum policy to
achieve such objectives is indirect and not transparent.
These criticisms do not amount to a convincing case for preferring
administrative assignment mechanisms over competitive bidding, especially
from an economic standpoint. However, they do highlight the importance of
ensuring that the core objectives in licensing assignment are identified and
reflected in the auction design.
Auctions will not be appropriate in all circumstances where there is spectrum
scarcity. For example, auctions may not be suitable for assigning spectrum
for global satellite systems, as spectrum assignment for this purpose may
need to be coordinated internationally so as not to undermine incentives for
investors to develop services using this technology (for example, noncoordinated use of spectrum in a particular country could sterilise an satellite
uplink across a footprint consisting of many countries). In addition, spectrum
used to support essential services (such as public safety and national
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security) may not be suitable for auction, as the displacement of such
services by commercial operations could have negative implications for social
welfare. Accordingly, Police and Defence Forces are excluded from the
general license obligations in EkomL.
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4

Strategic issues in spectrum auctions
In this section, we discuss some of the main strategic problems faced by the
auctioneer and bidders in spectrum auctions. This discussion serves as a
backdrop for reviewing the relative merits of different auction formats and the
impact of detailed rules.

4.1

The common value problem and the winner’s curse
Spectrum auctions are prime examples of what are known as ‘common value
auctions’. All auctions presuppose that potential bidders differ with respect to
the valuation they put on the lots to be auctioned. In a private value setting,
different bidders place different values on the lots to be auctioned, based on
their specific preferences and tastes. What one bidder is prepared to pay is
not related or linked in any way to what another bidder is prepared to pay.
By contrast, in a common value setting, the value of the lots to different
bidders are driven at least in part by factors that impact on all bidders. This
is not to say that all bidders necessary have the same value for the lot (the
most extreme case), but there are linkages between valuations.
In the case of spectrum auctions, the true value depends on the future profit
stream that can be generated by the spectrum user, which is highly
uncertain. Even though there may be differences between bidders (e.g. in
terms of their efficiency), there are common parameters such as, for
example, market demand for the end product, which affect the value for all
bidders in a similar way.
The strategic problem in common value settings is that those bidders who are
most likely to over-estimate the value of the lots are likely to win. This is
known as the winner’s curse: the winning bidder is likely to overpay because
it is by definition the bidder with the most optimistic value estimate (even if
on average bidders form correct expectations about the true value). Rational
bidders should respond to this problem by reducing their bid amounts (bid
shading), and bid less than their best estimate of the value. This behaviour is
rational because there is useful information in the bids of others about the
value of the lot; simply bidding one’s current estimate of value would not
take account of the information revealed by winning – namely that all other
bidders value the lot less than the winner, suggesting that the winner’s value
estimate might have been overoptimistic.
Nevertheless, the common value uncertainty faced by bidders can result in
considerable overpayments and ex post inefficiencies, as differences in the
common value estimates may swamp small differences in the true value
across bidders. In other words, it may not be the bidder who can extract
most value that wins a licence, but the bidder who has the most optimistic
forecast of market potential.
This problem can be mitigated by allowing bidders to observe the behaviour
of competitors in the auction, which enables them to refine their estimate and
correct for too optimistic or too pessimistic valuation. For example, if a
bidder observes others dropping out of the auction at relatively low prices,
this would suggest that the bidder’s own value estimate is too optimistic and
should be corrected downwards. By contrast, if bidders keep bidding way
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beyond what a bidder thought to be the best estimate, this would suggest
that an upward correction is appropriate.
In either case, the more
information bidders have about the behaviour of their competitors in the
auction, the better they are able to refine their valuation, and the more
accurately these estimates should be. Improved information lead to bidders
bidding more aggressively (i.e. closer to their true estimated value) and more
efficient outcomes.
Alleviation of common value uncertainty and the winner’s curse problem is a
key argument put forward in favour of using open and transparent auction
formats (such as SMRAs) for selling spectrum, rather than sealed bid
processes.6 However, as we discuss below this is just one of a number of
factors that needs to be considered.

4.2

Incumbency advantages and bidder asymmetries
Incumbents are often regarded as enjoying a privileged position in bidding for
spectrum in that spectrum is likely to be worth more to them than entrants,
both for legitimate reasons (scale economies, superior know-how, existing
customer base etc.) and possibly for anticompetitive reason (preventing the
erosion of existing market power). It is often the case that the relative
strength and weakness of bidders is common knowledge amongst all the
participants in an auction.
Assessments of the strength of bidders prior to an auction are, of course, not
necessarily correct. There is a chance that a bidder perceived by others to be
weak might in fact have a higher value than another bidder perceived to be
strong. The perceived strength or weakness of bidders affects bidding
strategies, but it is not determinative of auction outcomes.
Care must be taken to ensure that the auction format does not magnify the
advantages of strong bidders. In particular, where there are common values,
the problem of winner’s curse is much more significant for weaker bidders
than stronger bidders. If a weak bidder wins, there is a particularly high risk
that this is because it assessment of value is overoptimistic. This means that
weak bidders tend to be conservative in their bidding, and much more so
than stronger bidders. This is a self-reinforcing effect, as the fact that strong
bidders are likely to be relatively more aggressive (in the sense of bids they
make relative to their valuations) exacerbates the problem of winner’s curse
for weaker bidders. There are even examples (such as the so-called wallet
game), where this effect is so strong that weak bidders simply give up as
they can never win.
This leads to inefficient outcomes and reduced
competition for stronger bidders.

4.3

Synergy benefits
In certain auction formats bidders can bid for, and combine, different lots
(e.g. regional licences). Often there are synergy benefits (also known as

6

See Crampton (February 2001), p.5, for further explanation.
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complementarities) across lots.
combine lots.

This creates risks for bidders trying to

For example, there may be economies of scale with regard to the amount of
spectrum acquired, or there may be economies of scope with regard to
neighbouring regions or frequency blocks (e.g. through avoiding guardband
problems). If spectrum is being divided up into regional licences or small
frequency blocks that need to be aggregated, then the value of each lot
depends ultimately on what other lots a bidder manages to acquire during the
auction.
Box 1 provides a simple example to illustrate the risks faced in a situation
where there are synergy benefits across lots.
Box 1: Aggregation risks owing to synergies between lots
Suppose that there are two regional licences (call them East and West).
Individually, each region is worth 2 to a bidder, but together they are
worth 6.
It would not be rational simply to bid up to 3 on each licence. How
much it is rational to bid for East depends on the probability of getting
West and the likely price that the bidder will have to pay for West.
For example, suppose that the bidder in question expects to win East
with probability 50% and, in the event of winning East, to pay an
expected price of 3. In this case, on buying West, the bidder would
expect to gain a surplus of:
½ x (Combined value of East and West – Expected price of East)
+ ½ x (Standalone value of West – Price of West)
= ½ x (6-3) + ½ x 2 – Price of X
= 2½ - Price of X.

Therefore, a bidder expecting to pay 3 for East would rationally pay up
to 2½ for West.
However, once East has been acquired, the bidder should pay up to 4
for West, which is the incremental value as a result of synergies. On the
other hand, if the bidder did not buy East, then it would not be worth
paying more than the standalone value of West (in this case 2).
This example illustrates the two sources of risk faced by the successful
bidder for East:
the risk of acquiring East and failing to acquire West; and
the risk of making a loss on the overall transaction, even if the
bidder buys both East and West.
The second risk arises if the price of West rises above 3½. In this
situation, it is still rational to bid up to 4 if East has already been
acquired, even though the bidder would expect to make an overall loss.
In effect, the bidder must pay to avoid losing synergies between East
and West.
The choice of auction format can have a big impact on the risks faced by
bidders. The risks described in Box 1 are most pronounced in the case where
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the two licences are auctioned sequentially in separate auctions. If the
licences are sold simultaneously, these risks can be eased somewhat. With a
simultaneous, sealed bid, the risk of acquiring both licences at a loss is
removed but the risk of failing to acquire one of the licences is pronounced.
Allowing ascending bids can help bidders, making it easier for them to assess
the probability of winning each licences, although in this case they are still
exposed to both types of risk. The only way to eliminate synergy risks
completely for bidders is to allow them to make combinatorial bids (e.g. in
our example, the bidder would be able to submit both individual bids of up to
2 each for East and West, and a combined bid of up to 6 for both). However,
while combinatorial bidding is quite straightforward with just two licences, it
gets more complex as the number of licences (and this combinations)
increases.

4.4

Impact on competition
In some auction formats, the packaging of licences may be determined
endogenously within the process, for example by allowing bidders to combine
lots. In this case, the number of competitors in downstream service markets
may be determined by the outcome of the auction. This was the case in
German and Austrian 3G licence auctions.
In such cases, there may be anticompetitive motives in acquiring spectrum to
block entry or reduce downstream competition. The value of spectrum may
not only depend on the revenues that can be generated from offering services
using the spectrum, but also on the potential impact on competition in the
service market. For example, winning a spectrum licence to operate a mobile
network should be more valuable as part of a four-player market than a fiveplayer market, not just because of scale economies, but possibly also because
of reduced competition.
Similar issues can arise when spectrum is released to provide services that
are close substitutes to existing services. If this spectrum is acquired by a
new entrant, this may increase competition. Existing players may have an
incentive to acquire this spectrum (if permitted) to protect existing market
power. Whilst the value of a licence for a new entrant depends on the value
of the new business it can generate, the value of the same licence for an
incumbent may include the value of the business it would lose if it failed to
acquire the licence and/or block entry.
In order for this issue to be relevant, two conditions must hold:
Firstly, the services that will be offered by the new licensees must be
sufficiently close substitutes for the services offered by incumbent
operators to have an impact of the incumbent’s existing business.
Secondly, by acquiring a licence, an incumbent operator must be able to
have a significant impact on the nature and degree of future competition
in the market.
The second condition may often not be passed even if the first is.
Whilst competition issues need to be considered in designing spectrum
allocation processes, it is important not to overstate these concerns. First,
incentives to gain spectrum for anticompetitive purposes may in practice not
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be as great as the arguments above suggest. Typically there are a number of
incumbent players already operating in a market. Preventing further entry is
a benefit to all of the incumbents, whether or not they acquire the spectrum
necessary to block an entrant. Thus the cost of blocking an entrant is paid by
the incumbent who acquires spectrum, but the benefit is enjoyed by all
incumbents. Therefore, there are often free-riding incentives for incumbents
to try to shift the burden of blocking entry onto other incumbents. Auction
designs can make use of these incentives to mitigate incumbency
advantages. This is why the German 3G auction led to a very competitive
outcome (6 winners) despite concerns prior to the auction from some
commentators that there might be anticompetitive incentives to aggregate
lots and chill competition.
Effective competition law should reduce the incentives to acquire spectrum
for anticompetitive purposes. Competition law acts as a constraint on the
ability of the holder of a dominant position to abuse it.

4.5

The participation problem
A successful spectrum auction requires competition for licences. Unless there
are more bidders than licences supplied, they will simply sell at the reserve
price and the government may not realise their full market value. However,
even if there is strong market interest in owning licences, this will not
necessarily translate into competition in an auction. Auction designers need
to consider two potential threats to entry:
If there are significant asymmetries between bidders (e.g. entrants
and incumbents), weaker bidders may decide it is not worth the time
and cost of entering the contest, given their low likelihood of success.
This problem is likely to be particularly acute if the number of strong
bidders is exactly equal to the number of licences available.
Bidders may have strategic incentives before the auction to attempt to
reduce the number of bidders, so that it is equal to the number of
licences or at least as small as possible. This incentive is particularly
strong if the reserve price is very low relative to bidders’ valuations, in
which case eliminating competition could generate large rewards for
the bidders. Hence, for example, there were a wave of mergers and
joint ventures between potential competing bidders ahead of many of
the European 3G auctions.
Auction design can be used to attempt to incentivise entry. Using a sealed
bid rather than open, ascending bid auction increases the possibility that
entrants can outbid incumbents by neutralising some of the advantages that
stronger bidders can have over weaker bidders in open auctions.
Further, the incentive for collusion prior to the auction can also be reduced by
setting higher reserve prices and/or selling more licences. There are also a
variety of techniques that can be used to assist entrants, including reserving
licences or promising fee rebates or roaming agreements to winning entrants.
However, these measures may distort the efficiency of the auction outcome.
Further, setting aside licences for entrants may be ineffective, if these can be
sold on to incumbents after the auction (e.g. as happened in the case of the
2000/01 US PCS auction).
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5

Auction design
The detailed design of an auction is very important. Every aspect of the rules
must be correctly structured in order to generate appropriate incentives for
bidders and efficient outcomes. There are a number of choices to be made
with respect to key auction parameters, including the auction format, activity
rules, transparency, round lengths and bid increments. Even small changes
in auction rules can significantly affect outcomes, benefiting some parties at
the expense of others. It is therefore critical to ensure that the assignment
method adopted enables the spectrum management body to achieve its core
objectives.
More generally, auction design should:
provide appropriate incentives for bidders to bid in a manner that leads
to efficient outcomes;
be fair and reasonably transparent, in order to eliminate any
suspicions amongst bidders of unequal treatment;
be reasonably easy for bidders to understand, so that they can execute
coherent bidding strategies and are not deterred from participating in
the process;
be quick and cost-effective to implement, reducing expense and
uncertainty for both the allocation body and the buyers, thus
encouraging participation; and
minimise the danger of strategic manipulation and collusion between
bidders.
Klemperer summarises this succinctly: “What really matters in auction
design are the same issues that any industry regulator would recognise as
key concerns:
discouraging collusive, entry-deterring and predatory
behaviour.
In short, good auction design is mostly good elementary
7

economics.”

5.1

Auction formats
There are a number of different auction formats that have been used for
assigning spectrum licences around the world (see Table 1). The principal
choice is between a single round, sealed bid or open, ascending bid process8,

7

Klemperer (2002b), p.2.

8

The ascending bid format, in which bidders push up prices over multiple rounds is
commonly referred to as the ‘English auction’. It is also possible to run auctions using
a descending bid format, known as a Dutch Auction. We do not discuss the Dutch
auction format here, as its main application is for auctions which divide large but
finely divisible quantities (e.g. wholesale flowers, power supply or pollution subsidies)
amongst competing bidders, a situation that is not generally relevant in the context of
spectrum licences.
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and between sequential (one lot at a time) or simultaneous (multiple lots in
parallel) formats.
Table 1: Formats of selected spectrum auctions worldwide
Singleround,
Sealed
bid

Multi
round

Seque
ntial

Simultaneous

SMRA

Clock
auction
‡

Combinatorial

Canada PCS
Denmark 3G
Germany 3G
Hungary
WLL
Nigeria 2G
Nigeria FWA
Swiss WLL
Swiss 3G
UK 3G
UK BFWA
US PCS (C&F
blocks)
US PCS
(Up700MHz)*

Source:
DotEcon; ‡A clock auction is a type of SMRA (see below);
*Forthcoming (currently postponed indefinitely)

In this section, we analyse the potential pros and cons of five broad
categories of auction format:
single round, sealed bid auctions;
sequential, multiple-round auctions;
simultaneous multiple-round auction (SMRAs);
combinatorial auctions; and
hybrid auctions (which incorporate elements of auctions and beauty
contests).
The choice of auction format matters because it can influence the auction
outcome (including allocative efficiency, future service market competition
and revenues) via its impact on incentives for potential bidders, both in
relation to whether they participate in a contest and how they behave in the
auction. The auction format may also have a big impact on logistics and
running costs, for example determining whether co-location of bidders is
required and whether software-based auctions are required.
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5.1.1 Single round, sealed bids
Description: The auction lasts for just one round. Bidders submit a single bid
(or set of bids), which is sealed (i.e. other bidders cannot see the bid). The
bid results are only announced once the round is closed. Licences are
awarded to the highest bidders.
There are various options for determining the price that winning bidders pay
including: the bid that they make (a so-called discriminatory auction); the
lowest winning bid which may be different if there are multiple lots (a socalled uniform); or the highest losing bid (usually called a second-price
auction in the case that there is just one lot).
Analysis: Single round, sealed bid auctions are simple, quick and cheap to
administer, and can be used for assigning either single or multiple licences.
There is no need to co-locate bidders, or to set up complex electronic or
paper-based procedures to run the auction. Provided all bids are published
after the auction, the results are easy to interpret and completely
transparent.
Despite the ease of implementation, academic literature on spectrum auctions
has traditionally favoured multi-round processes over single round contests.9
This reflects concerns that single round, sealed bids may not produce an
efficient outcome:
In a common value setting, there is no opportunity for bidders to learn
from the behaviour of competitors, so the winner’s curse risk is not
controlled.
Where there are multiple licences that are close but not identical
substitutes (e.g. 10MHz paired and 15MHz paired licences in a 3G
auction), it may be difficult for bidders to decide which licence to bid
for without any knowledge of competitor’s relative valuations.
Where there are multiple licences that are complements (e.g. regional
licences in an FWA auction), bidders face pronounced aggregation
risks, as they cannot be sure how many and which licences they will
win.
The substitute and aggregation risk problems can, to some extent, be
alleviated by adding more complex rules, such as second-stage contests
between licence winners to assign additional spectrum or combinatorial
bidding (see below).
However, generally, they can be more efficiently
addressed in a multi-round context.
Recently, academic analysis of 3G auctions has highlighted two practical
advantages of single round, sealed bid auctions, that in certain
circumstances, may outweigh the theoretical efficiency benefits of multiround contests10:

9

See, for example, Crampton (February 2001).

10

See Klemperer (2002b).
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As is illustrated in our Danish case study (see Part B), sealed bids are
more ‘robust’ to weak competition. It is harder for potential applicants
to ‘fix’ the level of demand between themselves before an auction, as
there is no opportunity to observe and punish opponents, as may be
the case in a multi-round contest.
Some auction designers have used sealed bids as a way of
encouraging competition against established incumbents for licences
and reduce the impact of bidder asymmetries. In a multi-round
contest, strong bidders can simply raise their bid round-by-round, each
time trumping the entrant by the smallest amount possible until it
drops out. However, in a sealed bid, the incumbent is uncertain what
bid is required to see off the entrant; if they estimate too low, then an
entrant can win.
In summary, the case for using a single round, sealed bid process rests
primarily on a trade-off between perceived competitive/entry benefits and
potential efficiency costs.

5.1.2 Sequential auctions
Description. In a sequential process, licences (or possibly, groups of licences)
are sold in successive auctions. Each auction could consist of single or
multiple rounds.
Analysis. Separating licences out into separate auctions reduces complexity
for the auctioneer. Typically, this type of auction is relatively simple to
administer, but may be rather slower than selling licences simultaneously.
A sequential process works best if either:
a) demand for licences in each of the auctions is completely unrelated
(rather unlikely in the case of spectrum auctions); or
b) there is a clear hierarchy of demand between licences (i.e. the value of
licences in the first auction is very much greater than the value of the
licences in the second auction), for example, offering a block of 5MHz
unpaired TDD spectrum to bidders that have each won one 10MHz paired
3G licence already.
However, where some or all licences are substitutes or complements (and
bidders are pursuing different combinations), then sequential auctioning is
unlikely to be desirable. In the case of substitutes, bidders will be unable to
switch between licences on the basis of relative prices. This may result in
similar licences being sold for very different prices and licences not
necessarily going to the strongest bidders. With complementary licences
(assuming there is no clear hierarchy across bidders) bidders face significant
aggregation risks, as they must bid for early licences without knowing their
prospects of winning later complementary ones.
As most multiple licence spectrum auctions involve licences that are
substitutes, sequential auctions are rarely appropriate as the main
assignment mechanism. The risks inherent in using a sequential approach for
substitute licences are illustrated by the outcome of the 2000 Swiss WLL
auction. Although the Swiss auction raised high revenues, it is evident that
bidders found it very difficult to forecast likely prices for lots sold in later
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auctions in order to determine how to bid in earlier ones. This resulted in
essentially identical licences selling wildly different prices, in one case over
100%.
Figure 1 shows the average percentage difference in price for
identical licences in the Swiss auction, relative to selected 3G and FWA
auctions, which used SMRA and sealed bid formats.
Figure 1:
Average % difference between cheapest and most
expensive licences for selected European auctions

30%
25%

28.90%

20%
15%
10%
5%
0%

5.29%
0%

1.30%

1.68%

Danish 3G German UK BFWA
3G

2.28%
UK 3G

Dutch 3G

Swiss
WLL

Source: DotEcon

5.1.3 Simultaneous multiple-round auctions (SMRAs)
Description. An SMRA takes place over multiple rounds, with a number of
licences sold simultaneously. In each round, bidders place increasing bids on
licences. The auction closes when no new bids are forthcoming. Each licence
is assigned to the highest bidder.
SMRAs have been very widely used for assigning spectrum licences, and
there has been huge variety in the rules used (see section on detailed rules
below). The ‘standard’ SMRA format, which was used, for example, for our
two UK case study auctions, features a number of distinct licences. The price
of a licence only rises when it receives a new bid. Thus, over the course of
the auction, the prices of different licences will vary and bidders can switch
between them on the basis of their relative price.
The ‘simultaneous clock auction’ is a distinct variant of the SMRA, which is
used for selling multiple, identical licences, as is often the case with spectrum
assignments. In this format, there is a common price for identical licences
that increases in each round until aggregate bidder demand falls to a level
where it matches supply. Unlike some standard SMRA formats, bidders
always pay the same price for identical licences.
Analysis: An open simultaneous auction with ascending bids is generally
considered to produce reasonably
efficient outcomes where there are
multiple spectrum licences and common uncertainty over valuations. Bidders
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benefit from being able to observe the behaviour of their competitors and
alter their demand in response to changes in the relative prices of licences.
This mitigates both winners’ curse and substitution risks, and reduces
aggregation risks, relative to a sealed bid.
However, these clear efficiency advantages must be set against two possible
disadvantages of the multi-round approach:
The competition and entry problem.
As discussed above and
demonstrated by the problems of many later European 3G auctions,
SMRAs may be vulnerable to having entrants ‘fix’ the number of
bidders before the contest. They also tend to discourage entrants if
there are strong (usually incumbent) bidders who are perceived likely
to win all the licences.
Cost and complexity. The development of electronic bidding systems
has made it much cheaper and easier to run SMRAs. Nevertheless, the
rules and procedures are still more complex to develop than for a
standard sealed bid auction, and will normally require specialist design
expertise.
Relative treatment of aggregators and single lot bidders. Where there
are some bidders who are trying to combine multiple lots
(aggregators) and other bidders who are interested in single lots, there
may be some concern that the aggregators are somewhat disfavoured
relative to single lot bidders. This could be a significant public policy
concern if there are synergy benefits to holding multiple licences, for
example because operators need to have sufficient scale to operate
efficiently. Combinatorial auction can address this issue, though at the
cost of other complications as we discuss below.
In summary, an SMRA format will normally deliver the most efficient
spectrum auction outcome, unless there are competition/entry concerns. For
auctions of less valuable spectrum licences, there may also be cost or
logistical objections to using an SMRA.

5.1.4 Combinatorial auctions
Description: Combinatorial auctions are used for assigning multiple licences
where bidders have synergies between them.11 Unlike a standard auction,
bidders can submit multiple bids, one for each combination of licences that
they are eligible to acquire. Put differently, bidders can submit bids for both
individual licences and for combinations of licences, and vary the amounts
they bid to reflect any synergies. The highest bidders are determined by
calculating the combination of bids across bidders and licences that generates
the highest revenue. If there are more than 4-5 licences in an auction and a
significant number of bidders, a computer algorithm may be required to
perform this calculation (so-called winner determination) due to the large

11

For a good overview of combinatorial auctions, especially in relation to ascending
bidding, see Ausubel and Milgrom (2002).
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number of potential combinations of winners and licences that need to be
considered. With even a modest number of licences, winner determination is
a non-trivial problem.
Combinatorial bidding can be implemented in a single-round sealed bid or
multiple round context.
Analysis: Combinatorial bidding can improve the efficiency of more standard
auction formats in the specific circumstance when:
“(a) there are strong complementarities [synergies] among licences for
some bidders, and (b) the pattern of those complementarities varies for
different bidders”. 12
In this situation, it can remove aggregation risks for bidders, allowing them to
bid up to their full value for licences, without risk of being stranded with
unwanted subsets of their total demand. This creates a more level playing
field between bidders trying to aggregate lots and not trying to aggregate (or
aggregate to a lesser extent). This tends to give more efficient outcomes.
Reduced aggregation risks and increased competition between bidders with
different patterns of complementaries across lots will also tend to increase
revenues.
However, there are a number of potential problems with using combinatorial
bidding:
Cost and complexity. Combinatorial bidding may be significantly more
difficult for both the auctioneer and bidders to understand, especially
in a multi-round context. Reflecting this complexity, it may also be
more complex to design.
Transparency.
The outcome, although fair, may not be very
transparent to bidders and observers, especially if it is necessary to
use a computer algorithm to identify the successful bids.
The ‘threshold’ problem. In certain instances, it may be possible for
bidders to use combinatorial bids to leverage their advantage in one
region to win licences in another, even though their demand is in fact
unrelated.
If relevant, this could disadvantage bidders pursuing
smaller numbers of regions.
The use of combinatorial auctions has recently been championed by the US
FCC.
However, it has repeatedly delayed plans to use an ascending
combinatorial (package bidding) format for the auction of spectrum in the
Upper 700MHz band.13 While this delay reflects concern about low demand
for licences, it is also apparent that the FCC has struggled to develop practical
rules. To date, the only example of a spectrum auction using combinatorial
bidding is the 2002 Nigerian FWA auction. In this auction, the designers used

12

Public Notice DA 00-1486, US Federal Communications Commission, July 3, 2000.

13

There is currently no scheduled start date. See http://wireless.fcc.gov/auctions/31/
for details of the auction design.
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a sealed bid process and limited the numbers of licences in each region, in
order to reduce complexity for bidders14.

5.1.5 Hybrid auctions
The term ‘hybrid auction’ is used to refer to two different types of situation:
auctions which combine the features of more than one auction format.
auctions whose outcome is determined on the basis of multiple
characteristics, not just price or quantity.
1. Auction with combined formats
It is possible to combine the features of more than one auction format, with
the objective of realising the advantages of more than one format and/or
eliminating the disadvantages associated with using one format by itself. For
example, in the original plans for the UK 3G auction, the design team
proposed an ‘Anglo-Dutch’ format to sell four licences.15 Bidders would have
participated in an SMRA-type auction until there were just five bidders left
(one more than the number of licences). At this point, the auction would
have been concluded using a sealed bid. This format is designed to combine
the efficiency (anti-winner’s curse) advantages of an ascending bid and the
entry attraction benefits of a sealed bid. It was specifically proposed to
address the situation where there are the same number of strong incumbents
as there are licences available.
2. Auctions with multiple characteristics
Standard auction formats assign licences on the basis of willingness to pay.
However, this may be only one of a number of attributes that reflect the
value to society of a particular bid. For example, in the case of licences for
mobile telephony, factors such as speed of roll-out, geographic coverage and
quality of service may also be considered as indicators of social value, in
addition to the bidder’s willingness to pay.
This issue can be addressed in a number of ways:
1. Qualification criteria and licence conditions. It is common for governments
to insist that bidders in auctions conform to certain qualification criteria (to
ensure that they are serious and trustworthy) and commit to minimum
licence conditions (e.g. with respect to roll-out). This may create a fairer
basis for subsequently determining winning bids on the basis of price.
However, if conditions are too onerous, they could discourage serious
bidders from competing. Imposing such conditions may also inhibit the
efficient re-assignment or re-allocation of spectrum through trading.

14

Koboldt, Maldoom and Marsden (2003).

15

Binmore and Klemperer (2002). It is unclear why these authors have called this
format ‘Anglo-Dutch’. Normally, the term ‘Dutch auction’ is used to refer to a
descending bid format, but in this case it refers to the sealed bid component of the
auction.
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2. Auctions with multiple quantitative characteristics.
Auctions can be
developed which identify high bids on the basis of multiple quantitative
characteristics, not just price or quantity. For example, in a SMRA context,
bidders would be invited to raise their bids for one or more characteristics
in each round. This requires that weights be attached to each characteristic
in order to determine the relative value of bids. Unfortunately, this may
require very difficult and potentially arbitrary decisions; for example: what
is the relative value of roll-out speed and geographic coverage for mobile
telephony?; how can the weights be adjusted to accommodate non-linear
relationships between quantifiable characteristics and social value?16 Such
auctions may also be quite complex to implement and difficult for bidders
to understand.
3. Hybrid auction-comparative selection mechanisms.
A more simple
approach is to incorporate a monetary bid as one of the criteria in a
comparative selection process. This process combines the characteristics of
a sealed bid and comparative selection, with all the strengths and
weaknesses inherent in both. If bidders have a clear understanding of the
evaluation criteria and a reasonable weight is given to the price component,
this process should produce a more efficient outcome than comparative
selection alone, but it is unlikely to be as efficient as an auction.
The use of qualification criteria and licence conditions in an auction context is
likely to have relevance to Sweden. The case for hybrid auctions or hybrid
auction-comparative selection mechanisms is much weaker as they are only
likely to add value relative to standard auction formats in very specific
circumstances, and any benefits may be offset by their complexity.

5.2

Detailed rules
Getting the detailed auction rules right is just as important as picking the
appropriate format. These need not be long or particularly complicated but
their impact on bidder behaviour must be carefully thought through. Below,
we discuss the impact of differences in rules with respect to:
a) Pre-packaged or auction-determined licences. Spectrum blocks may
either be auctioned as pre-packaged licences or as blocks of spectrum
that can be assembled to form a licence.
b) Activity rules. Activity rules are required to determine the bidding rights
of bidders, both in relation to the licences in general and in each round.
These are important in auctions such as SMRAs, where it is necessary to
ensure that there is sufficient bidding activity in the early stages of the
auction and that bidders do not wait until the very end of the auction to
reveal their hands, as this would undermine the benefits of an open
auction process.

16

Whereas monetary bids can be assessed on a linear scale, the benefits of
characteristics are likely to be non-linear. For example, the social benefits from
increasing roll-out from 70% to 80% of the population may exceed that from
expanding roll-out from 80% to 90%.
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c) First or second price auctions. The final price paid may be determined
by the winning bidders’ own bids or by the marginal price of the highest
losing bidder (or lowest winning bidder).
d) Reserve prices. The reserve price is the minimum amount for which a
licence can be sold; it is usually also the starting price in a multi-round
auction.
e) Deposits. Imposing deposits on bidders can ensure that they only submit
serious bids that they intend to honour. Typically, initial deposits are
tied to the reserve price.
f) Bid increments.
Bid increments determine the amount that prices
increase between rounds. They can be fixed or discretionary.
g) Round length, waivers and recess days. A balance must be found
between giving bidders adequate time to consult within their
organisations and with shareholders and not unduly slowing the auction.
h) Transparency. The auctioneer can control the amount and the format of
information released each round about the bids received.

5.2.1 Pre-packaged or auction-determined licences
Spectrum frequency can either be auctioned as pre-packaged licences or as
blocks of spectrum that can be assembled to form a licence. With prepackaged licences, the number of competitors in the resultant market is
fixed, whereas under an auction-determined system, the market determines
the number of licences.
Amongst our case studies, the UK and Danish 3G and UK BFWA auctions sold
pre-packaged licences, whereas Germany sold blocks of 5MHz paired, which
could be assembled in twos or threes to form licences. It is also possible to
use a mixture of pre-packaged licences and additional spectrum blocks, as
with the 1998 Dutch auction of additional DCS 1800 spectrum.
Flexible packaging is useful where the licensing authority does not know how
to package spectrum optimally and (absent competition concerns) may
produce more efficient outcomes, as every spectrum block individually goes
to the highest bidder. However, the outcome may be distorted if bidders
have incentives to buy spectrum primarily to prevent entry rather than
improve their service. This appears to have been a factor in the German 3G
auction. Flexible spectrum blocks also make for more complex auctions and
resulting bidding strategies.

5.2.2 Activity rules
Activity rules are a fundamental element of auction design. They determine
the bidding rights of bidders, both in general and, in a multi-round auction, in
each round:
General restrictions.
In all European spectrum auctions to date,
bidders have been restricted in the number of licences (or amount of
spectrum) that they can win, either on a nationwide or regional basis.
In this way, the authorities can ensure a minimum number of
competing operators. Further, in order to facilitate new entry and
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increased competition, some regulators have discriminated between
incumbents and entrants. For example, in the UK 3G and Dutch DCS
auctions, there were reserved licences for new entrants. Meanwhile, in
US and Canadian auctions, mobile operators have historically been
subject to aggregate spectrum caps (although these have now been
removed).
Round-by-round rules.
In a multi-round auction, activity rules
determine the bidding obligation on both standing high and nonstanding high bidders. In the standard SMRA format, standing high
bidders cannot bid until they are displaced, while non-standing high
bidders have to bid to remain eligible to continue in the auction.
However, many variations are possible, for example where standing
high bidders can overbid themselves or withdraw from licences. With
licences in multiple regions, more complex rules are required in order
to help bidders manage aggregation risks. For example, in the UK
BWFA auction, bidders were required to bid a certain proportion of
their ‘eligibility’ in order to maintain their bidding rights (see case
study).
Decisions on all types of activity rule can have a big impact on the strategic
choices for bidders, as well as the pace and complexity of the auction. A
typical pitfall in auction design is to make activity rules too lax, creating
incentives for bidders to hide their true demand, which may have the effect of
unnecessarily prolonging the auction (e.g. the 2001 New Zealand PCS
auction, which lasted nearly a whole year). Poor choice of activity rules could
also create gaming opportunities for bidders, leading to deviations from the
efficient outcome and potential criticism of the auctioneer.

5.2.3 First or second price auctions
In order to deliver an efficient assignment, bidders in spectrum auctions must
have an incentive to reveal their true valuations of licences. It is therefore
essential that the final fees paid by bidders be related to the bids that they
make. There are two basic methodologies for deriving licence fees through
spectrum auctions:
First price. Winning bidders pay what they bid.
Second (or marginal) price. All winning bidders pay the same amount,
which is equal to the highest bid made by an unsuccessful bidder. This
is directly equivalent to the marginal price or opportunity cost of
denying the next best user access to a licence. Many spectrum
auctions actually use the price bid by the lowest winning bidder, for
example the Danish 3G auction.
Both approaches should produce efficient outcomes, as in both cases, licences
should be allocated to users that value them most.
In practice, there may be little difference between first and second price
levels in auctions, provided there are many bidders and/or prices are
determined through an open SMRA with small bid increments (see below).
Bidders will bid more aggressively in a second price auction as they will not
pay the price they bid. Therefore, it is not the case that a second price
auction necessarily produces lower revenues than a first price auction, as
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bidding behaviour will not be the same in the two cases. Theory shows that
under certain (admittedly rather restrictive) assumptions, the two formats
should produce the same revenue on average.
However, with a single-round sealed bid and a small numbers of bidders, the
choice of pricing approach can have a big impact on outcome:
If bidders pay what they bid where multiple licences are awarded,
there is a significant likelihood that bidders will pay very different
prices for the same licences. This may lead to accusations that the
auction was unfair. In the context of Treasury bill auctions there has
been a debate spanning many decades on whether pay-what-you-bid
or all-winners-pay-the-same systems are better.
With a second price approach, there is a risk that some or all winning bidders
will pay much less than they bid.
This may be troublesome for the
government, if it is perceived as failing to get ‘fair’ value for the licences.
McMillan (1994) reports a second-price New Zealand auction in which the
winner bid 7 million NZ dollars but paid the runner-up’s bid of 5,000 NZ
dollars.

5.2.4 Reserve prices
Although the market will determine fee levels in an competitive auction, the
allocation body still has an important task in setting reserve prices (which are
usually also the starting price in an auction). Setting reserve prices at levels
close to the expected market rate can speed up an auction process and guard
against licences being sold at undesirably low levels in the event of
unexpectedly low demand. However, care must be taken not to set prices at
levels that unduly deter bidders.
There are many examples of mistakes in setting reserve prices in 3G
auctions, with varying consequences. For example, the designers of the UK
auction have suggested that the low reserve price resulted in the auction
being longer than necessary.17 Meanwhile, low reserve prices in Switzerland
led to licences being sold unnecessarily cheaply, after deals between
prospective bidders reduced demand to equal supply. In contrast, perceived
high reserve prices in Czech Republic contributed to a lack of bidder demand
for 3G licences (a similar problem blighted 3G beauty contests in France and
Poland).

5.2.5 Deposits
As spectrum auctions often involve large sums of money and tend to be oneoff events, rather than recurring events18, they are particularly vulnerable to
default. If there is no cost to default, bidders may be tempted to bid beyond

17

Binmore and Klemperer (2002).

18

If auctions reoccur frequently (e.g. wine auctions), then the threat of being barred
from future auctions may be a sufficient incentive not to default.
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their means (perhaps in the hope of gaining new finance after an auction) or
make extra bids for purely strategic reasons. For example, McMillan (1994)
reports an “Australian auction for satellite-television licenses in which two
bidders each made large numbers of different sealed bids on the same
objects and then, after considerable delays, defaulted on those bids they did
not like, as the government had neglected to impose any penalties for
default”.19
Imposing deposits on bidders can ensure that they only submit serious bids
that they intend to honour. Typically, initial deposits are tied to the reserve
price. However, if prices in the auction rise significantly above this level, the
initial level may cease to represent a sufficient deterrent to default. Binmore
and Klemperer criticised their own UK 3G auction design on this basis, and
their recommendation that deposit levels increase in steps as auction prices
rise has been adopted for many subsequent SMRAs.

5.2.6 Bid increments
Bid increments for SMRAs can be fixed or discretionary, depending on the
relative merits of simplicity versus flexibility for bidders.
Larger bid
increments can speed up an auction, but if they are too large, they may lead
to bidders paying significantly different amounts for similar licences and may
distort the efficiency of the final outcome.
In most spectrum auctions, bid increments in each round have been set at
the discretion of the auctioneer. It is standard practice is to reduce the
increment in stages as the auction progresses, with bidders warned in
advance of any changes. In the UK 3G auction, the increment was initially
set at 10%, falling to as low as 1.5% by the end, while in Germany, the
increment was reduced in three phases from 10% to 5% to 2%. This type of
system, if managed skilfully, is generally satisfactory to bidders, as it insures
the auction moves quickly at the beginning and that the total size of
increments is kept reasonably low at the end, thus reducing the risk that
large differences could occur in the prices of similar licences. In general, this
is preferable to the use of fixed percentage increments, where the absolute
size of the increment rises steadily as the auction progresses.
Spectrum auctions may also vary with respect to whether the bid increment
determines a fixed bid amount (e.g. as in the Candian PCS auction) or
minimum bid level (as in the UK and German 3G auctions). In the latter
case, auctions are potentially vulnerable to ‘code’ bidding, using the final
significant digits of the bid to make signals to other bidders. This risk can be
eased using check box bidding, in which bidders are limited to a selection of
bids, separated by multiples of the bid increment. Some auctions also
impose maximum bid ceilings, so as to prevent bidders from making
unrealistic bids.

19

Klemperer (2001a), p.9.
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5.2.7 Round length, waivers and recess days
Decisions about the length of rounds and the number of rounds per day can
have a big impact on the length of the auction. For example, the UK 3G
auctions took 30 days to complete 150 rounds, whereas the Dutch 3G auction
completed 305 rounds in just 13 days. It is usually appropriate for the
auctioneer to maintain some discretion over round length, so that it can set
an auction speed that reflects the complexity of decisions faced by bidders.
Many spectrum auctions have also featured provision for limited use of
waivers and recess days to allow bidders more time to consider strategy. In
general, these are of marginal benefit only to a well-prepared bidder, being
most useful later in the auction in the event that prices rise towards a
bidder’s ceiling and it needs to reassess its spending limits.

5.2.8 Transparency
The auctioneer can control the amount and the format of information released
each round about the bids received. From the point of view of a bidder,
especially a strong one, the higher degree of transparency, the better, as this
reduces uncertainty (winners curse risk) and makes it easier to develop and
implement strategy.
This may also lead to higher auction revenues.
However, regulators are often suspicious of providing full information,
probably because they fear this could facilitate coordination between bidders.
There has been significant variation in the degree of transparency in
European spectrum auctions. For example, whereas the UK 3G auction
released full information, the German 3G auction only revealed high bids and
withdrawals from the auction. In general, the advantages of full disclosure
should normally outweigh those of secrecy, and concerns about bidder
coordination are best addressed through other rules. In any case, it is
important to release information in a format that is helpful to bidders.

5.3

Administrative procedures
In addition to the auction rules, significant attention to administrative
procedures is required. Here we highlight some key areas:

5.3.1 Marketing and market evaluation
Understanding demand is an essential element in auction design. Therefore,
the regulator needs to undertake extensive market evaluation. It may also
be beneficial to employ external advisors to market the licences to the
industry, with the aim of stimulating awareness of the process and hopefully
boosting demand for licences. For example, for the UK 3G auction, the
Radiocommunications Agency employed investment bank Rothschilds to
market the licences. It was paid a success fee based on the number of
bidders it attracted to the auction.20

20

National Audit Office (2001).
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5.3.2 Location of bidders and electronic bidding
For single round, sealed bid auctions, careful consideration needs to be given
to the procedures for submitting bids. Where there are concerns about low
demand (e.g. the Danish 3G contest), there may be advantages in developing
submission procedures that make it possible to disguise the number of bids
being submitted.
Multi-round auctions are ideally suited to being run by computer software,
and this has now become standard practice in many countries. Use of
software facilitates remote bidding. This is preferable for most bidders, not
least because fixed venues may necessitate complex logistical arrangements
for communication between a front-room office at the auction site and a
decision-making back room elsewhere. It also tends to significantly reduce
costs for the regulator, not withstanding the need to commission bespoke
software.
With software, it is also possible to generate data files in each round that can
be downloaded for analysis by bidders and used to update public websites to
maximise the transparency of the process. Modern encryption technology
also means that auctions run over private networks can be more secure than
attempting to co-locate people at a single location.

5.3.3 Legal framework and treatment of associated bidders
It is very important that the authorities establish a clear legal framework for
the auction and stick exactly to the rules that they lay out. Unclear rules
create uncertainty for bidders and may provide grounds for legal challenge
after the auction. In particular, it is important that there are firm rules
barring the entry of ‘associated bidders’, i.e. companies that have some
common control or joint economic interest. Moreover, these rules must be
enforceable in the event that companies form new associations in between
applications and the start of the auction (as was the case in the UK, Dutch
and German 3G auctions). Allowing associated bidders to enter the auction
separately could give such bidders an unfair advantage.

5.3.4 Default/unsold licences
With any auction (as with a beauty contest), there is always a risk that some
licences will be unsold or that a winning bidder may default. Ideally, the
regulator should specify in advance how it would treat any such licences;
otherwise, winning bidders may have grounds for complaint about
subsequent assignment procedures. It may be sufficient for the regulator
simply to state that it will have complete discretion over any such procedures.
A similar approach may be appropriate for addressing the issue of future
assignments of related spectrum.
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Part B:
Case studies of European auctions
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6

Introduction to case studies
In this part of the report, we present in-depth analysis of case studies of
spectrum auctions from European countries, involving different types of
spectrum licences and auction design approaches. The aim of these case
studies is to provide insight into the design processes in spectrum auctions
and identify lessons – good and bad – for potential future auctions in
Sweden.
There are a variety of different auction formats and types of spectrum licence
that have been assigned in Europe in recent years. In consultation with PTS,
we have selected four case studies of auctions which differ substantially in
terms of format, detailed rules and/or outcome. These are presented in
chronological order:
The UK 3G auction – A simultaneous multiple round auction (SMRA)
with a fixed number of licences, one reserved for a new entrant; very
successful in raising revenues, but also much criticised for the financial
burden this placed on winning bidders.
The German 3G auction – Another SMRA but with a very different
design; participants aggregated blocks of spectrum to form licences,
meaning that the number of winners (between 4 and 6) was uncertain.
Raised high revenues, but two entrant winners have since failed.
The UK BFWA auction – An SMRA featuring over 40 fixed wireless
spectrum licences across multiple regions; revenues were low and many
licences were unsold.
The Danish 3G auction – A sealed bid auction; the Danish design has
been widely praised given its success in assigning all licences at a time
when both auctions and beauty contests for 3G licences in some other
European countries were perceived as failing.
In each case study, we provide additional commentary on other spectrum
auctions, which sold similar licences or used related auction formats. These
additional analyses place the case studies in their broader context, and
illustrate why the same auction design may succeed in one situation but not
in another.
In order to facilitate comparison between the case studies, a common
structure for description and analyses has been adopted.
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7

United Kingdom 3G auction

7.1

Overview
In March 2000, the United Kingdom held the world’s first 3G spectrum
auction, successfully assigning five licences. The UK Radiocommunications
Agency (RA) deployed a fairly standard version of the simultaneous multiple
round auction (SMRA), with one unusual feature: reservation of one of the
licences for a new entrant.
The auction raised exceptionally high revenues (£22.5bn or Euro 38.4bn).
With hindsight, it appears that winning bidders may have overpaid for their
licences; nevertheless, the auction was very successful in fulfilling the
government’s policy goals, namely:
to assign the spectrum efficiently;
to promote competition; and
to realise the full economic value (subject to the other objectives).21
This success can be attributed to a combination of very positive market
conditions and careful auction design. The outcome compares favourably to
most subsequent 3G auctions, including those that used a similar format.

7.2

Auction description

7.2.1 The licences
In common with other EU countries, the UK had allocated a total of 60MHz
paired spectrum and 20MHz unpaired spectrum for UMTS (3G) services. This
was divided into five licences:
Licence A

2 x 15MHz + 5Mhz unpaired (reserved for new entrant)

Licence B

2 x 15MHz

Licence C

2 x 10MHz + 5Mhz unpaired

Licence D

2 x 10MHz + 5Mhz unpaired

Licence E

2 x 10MHz + 5Mhz unpaired

There were minimum roll-out conditions attached to the licences. In addition,
new entrant winners were guaranteed the right to roam on either BT or
Vodafone’s networks for up to seven years while they rolled out their own
infrastructure.

21

National Audit Office (2001), p.2.
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7.2.2 Market conditions and participants
The design process for the auction took place against a background of a
global boom in telecoms stocks, and particular excitement about the potential
for 3G mobile services. As was anticipated, demand for licences significantly
exceeded supply, with 13 bidders participating in the auction. They included
the four existing GSM network operators (marked *) and nine potential new
entrants:
3G (UK)
BT(3G)*
Crescent Wireless
Epsilon Tele.com
NTL Mobile (linked to France Telecom)
One.Tel Global Wireless
One2One Personal Communications* (owned by T-Mobile)
Orange 3G*
SpectrumCo (led by Sonera)
TIW UMTS (UK) (linked to Hutchison)
Telefonica UK
Vodafone*
WorldCom Wireless (UK)
Strict rules had been developed to deny the participation of ‘associated’
bidders, as part of the efforts to prevent any collusion between bidders.
However, the UK government was put in a quandary by the Vodafone
takeover of Mannesmann, which temporarily brought two UK GSM operators
(Vodafone and Orange) under one owner. This was not a normal associated
bidder situation as Vodafone was committed to divesting Orange. In the
event, it was decided not to delay the auction and to allow both operators to
participate, subject to some additional conditions designed to ensure the two
bidders acted independently.

7.2.3 Auction format and bidding rules
The United Kingdom adopted a SMRA format for the auction, in part modelled
on earlier US spectrum auctions but carefully structured to attract
competition for licences and promote new entry. The key UK auction rules
and procedures were as follows:
Bidders were eligible to win only one licence. In any round, bidders
could only bid for one of the five licences. Potential new entrants could
bid for any of the licences, whereas incumbent GSM operators could
bid for any of the licences except licence A.
The bidder submitting the highest bid for a licence in a round was
designated as the standing high bidder (where identical bids were
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received in a round, the standing high bid was determined by a
random process).
Each bidder could bid for a different licence than in the previous round,
but could not withdraw a standing high bid. In each round, bidders
were required to bid or to be highest bidder on a licence in order to
remain active in the auction. Bidders who had the standing high bid
on a licence could not raise that bid.
The minimum bid for each block in a round was the current high bid for
that block plus a percentage increment.
The increment was
announced by the auctioneer at the start of each round.
The reserve prices were as follows: Licence A £125mn, Licence B
£107.1mn and Licences C, D & E £89.3mn. Bids had to be in whole
pounds sterling.
At the end of each round, the auctioneer released full information
about all bids made, the amount of the current high bids and identity
of high bidders, as well as the identity of any bidders withdrawing from
the auction.
The auction stage closed when no new bids were made for any five
licences and no waivers were played in a round. All standing high
bidders at that point were awarded licences accordingly.
The auction was run using remote bidding, with all communications
between the auctioneer and bidders (including bids) undertaken by
secure fax. Round-by-round results were released on a public website.

7.2.4 Auction outcome
The auction lasted for 150 rounds over 39 days. The total amount raised for
the five licences was £22.5bn (Euro 38.4bn), compared to pre-auction
expectations of up to £6bn in revenues22.
The four incumbent GSM operators all won licences, with the largest
incumbent (Vodafone) winning the unreserved 2x15Mhz licence. Competition
between BT(3G) and Vodafone for the larger, unreserved licence B drove its
price up to £5.96bn, a premium of almost £2bn on the average price
(£4.04bn) for the three smaller licences C, D and E. The larger, reserved
licence A was won by Hutchison-backed TIW for £4.38bn, a small premium
over the smaller licences.
With respect to behaviour during the auction, economic theory predicted that
bidders should engage in straightforward bidding, switching between licences

22

According to the National Audit Office (2001), in January 2000, on receipt of 13
applications, the advisors to the RA increased their estimate for auction revenues to a
range of £1bn to £3bn. The largest estimate seen by the NAO, published by Lehman
Brothers’ investment analysts shortly after the start of the auction, was £6bn.
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on the basis of their relative valuations and bidding the minimal amount23.
Commentators have noted two main deviations from this pattern:
During the early rounds, some of the new entrant bidders made large
jump bids (i.e. bids considerably in excess of the minimum level).
However, as prices rose, bidders increasingly adopted more
straightforward tactics. Klemperer conjectures that some early bids,
submitted at a point when the risk that the auction could end
imminently was negligible, were “slightly frivolous, or designed to
attract media attention”.24
Whereas Vodafone only bid for the larger licence A, BT(3G) initially
switched between this licence and the smaller ones at a fixed price
differential of around £300m, but in later rounds bid the gap up £2bn,
a 50% premium on the smaller licences. Commentators have put
forward various theories for BT’s ‘deviation’ from predicted behaviour,
for example that it was disguising its true valuation differential in early
rounds and/or that it did not particularly want to win the larger licence
but wished to maximise the premium paid by rival Vodafone.25

7.2.5 Subsequent market developments
The UK auction was initially hailed as a great success, as it had achieved its
main policy goals - delivering both an efficient outcome (licences going to
those operators that value them most) and enhancing competition – while
also delivering a financial windfall for the state.
Subsequently, this
judgement has been clouded by allegations that bidders overpaid for licences,
and that this has been a key factor in the recent financial woes of many
European operators. It should be noted, however, that the high fees paid
have not had any apparent negative impact on UK mobile consumers.
Competition has continued to intensify, with the four GSM incumbents now
enjoying roughly equal market shares, and Hutchison launching 3G services
in March 2003. The four incumbents are all scheduled to launch their own 3G
services during 2004.
The only other clouds over the outcome of the UK auction have been the legal
disputes between the government and the operators over payment terms.
One peculiarity of the conditions set to allow Vodafone and Orange to both
participate in the auction was that their licence payments were not made until
Vodafone’s disposal of Orange was completed, thus effectively saving these
companies millions of pounds in interest payments relative to the other
licence winners. The rival operators lost their legal challenge for recompense,
a result that they considered unfair. A further question as to whether or not
the licence fees paid included VAT (which would be reclaimable) is still ongoing in both the United Kingdom and Europe.

23

Borgers and Dustmann (2002).

24

Klemperer (2002c).

25

See Borgers and Dustmann (2002) and Klemperer (2002c).
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7.3

Assessment

7.3.1 Choice of auction format
The UK government invested very significant resources in the design of the
auction. The process took almost three years, involving a team led by a
prominent academic economist and employing much experimental testing.
During the process, the proposed format was switched from a so-called
‘Anglo-Dutch’ design to a relatively standard SMRA. The official reason for
this switch was the impact of increasing the number of available licences,
although it is also worth noting that the SMRA format was much less
controversial with incumbent operators.
At the onset of the design process, it was initially envisaged that there would
be only four 3G licences, each of 15MHz paired. As there were already four
incumbent mobile operators, the design team identified their main problem as
the need “to promote entry to the auction”.26
Specifically, they were
concerned that potential entrants would be deterred from incurring the
significant costs of entering the process if they had no expectation of beating
the incumbents. This is a particular risk with an ascending bid auction, as an
advantaged incumbent can patiently overbid an entrant until the latter gives
up. A sealed bid format is more effective in promoting entry but does not
provide any opportunity for bidders in a common value setting to benefit from
observing the behaviour of other.27 The designers solution to this problem
was a novel ‘Anglo-Dutch’ format, which begins as an ascending bid auction
but ends with a sealed bid, once the number of bidders had been reduced to
five (one more than the number of licences).28
The designers changed their advice following an engineering decision that it
would be possible to provide five licences instead of four. Having more
licences than incumbents “solved the overall entry problem”, while
introducing uneven sized licences meant that a sealed bid conclusion was
rather less appropriate. Instead, the designers settled on a modified version
of the SMRA format pioneered by the US FCC. The one unusual feature of
this revised format was the decision to reserve one of the larger licences for a
new entrant. The reason for this was to provide an attractive opportunity for
a new entrant.29

7.3.2 Effectiveness of the auction
Notwithstanding subsequent criticisms about over-payment, the UK 3G
auction appears to have been highly effective. It delivered on all its goals.
26

Binmore and Klemperer (2001), C83-85.
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For a discussion of the concepts of ‘common value’ in spectrum auctions and the
relative merits of sealed and ascending bid auctions, see Section 4.1.
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See Section 0 for further discussion of this type of auction format.
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Interview with Geoffrey Chapman, Ofcom (formerly one of three senior managers in
the RA 3G Auction Team)
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In particular, the licences were clearly allocated to the five bidders who
valued them most highly. The format also succeeded in its aim of attracting
bids from entrants, which was a key factor behind the high licence prices
achieved.
The timing of the auction, at the height of the global telecoms bubble, was
not just luck. The UK had deliberately aimed to be amongst the first
countries to allocate 3G licences, so as to benefit from uncertainty as to
which companies would emerge as the leading pan-European players. In this
respect, it is plausible that the UK government may have benefited from
perceived synergies and advantages in later auctions being factored into
prices by bidders. Entry was also encouraged through an intensive marketing
campaign and the promise of national roaming on a 2G network.
Overall, the detailed auction rules and procedures appear to have worked
well, contributing to the successful outcome. Notably, full transparency was
effective in allowing bidders to learn from each others’ bidding behaviour and
firm up their valuations. However, some modest criticisms of the auction
design can be made:
The efficiency basis for reserving a large licence for an entrant appears
dubious. It is apparent from the bids in the auction that Licence A
would have been of greater value to an incumbent than an entrant
(which is only to be expected, as the main value of the extra 5MHz
paired is in managing high traffic volumes).
Nevertheless, the
outcome – enabling an entrant to win a large licence at a discount to
its market value – could arguably be said to be pro-competitive.
The four incumbents were widely perceived as strong favourites to win
licences; indeed the market perception at the time was that the
licences were a must-win. With only four licences available to the
incumbents, this arguably left them vulnerable to entrants effectively
bidding up their licence fee with impunity. Similarly, Vodafone, as
strong favourite to win the only large licence was vulnerable to having
that licence fee bid up. The auction designers were apparently of the
opinion that this was not a significant problem; however, it appears
that they may have underestimated the extent to which the four
incumbents considered the licences to be must-win.
The rationale for having five rather than six licences is unclear,
although with hindsight it may be argued that the market could not
sustain six players.
The auction designers themselves have expressed discomfort with the
length of the auction, and have argued that higher reserve price
and/or bigger bid increments could have sped it up.30 They also
expressed concern that the deposits used were too small to deter
default.
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Binmore and Klemperer (2002).
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The difficulties raised by the Vodafone-Mannesmann merger and legal
disputes over payment terms highlight the importance of careful
drafting over all aspects of auction procedures.
This was one of the first European spectrum auctions to be conducted by
remote bidding, rather than co-location of bidders.
This method was
effective, increasing convenience for the bidders and reducing costs for the
auctioneer.

7.3.3 Comparison with other auctions
The outcome of the UK auction compares favourably with subsequent
European and worldwide 3G auctions. It highlights the importance of good
auction design, and the need to promote entry and discourage collusion
between bidders. While the simple SMRA format appears to have been the
right choice for the UK, it was not necessarily such a good choice elsewhere.
The Dutch 3G auction was run using a very similar SMRA format to the UK
auction, but achieved much lower revenues with only six bidders for five
licences. Initial expectations of a highly competitive auction were dashed as
a result of pre-auction deals between incumbents and potential strong
entrants Deutsche Telekom, DoCoMo and Hutchinson. Klemperer (2002)
attributes this lack of competition to poor auction design. He writes: “The
Netherlands’ blunder was to follow the actual British design when they had
five incumbent operators and five licences. The equal numbers of incumbents
and licences created exactly the situation in which it could be predicted that
very few entrants would bother to show up to an ascending auction.”31
It appears that the UK auction benefited significantly from being the first
European 3G auction. In all subsequent auctions, the number of bidders was
significantly reduced as potential bidders concluded deals designed to
eliminate competition for licences. Wolfstetter argues that the UK-style
format was particularly vulnerable to this type of ‘collusion’ owing to the fixed
number of licences.32 However, Klemperer’s emphasis on the advantages of
strong bidders in an ascending bid situation appears a more sophisticated
explanation of this problem.33
The impact of diminishing numbers of bidders was particularly pronounced in
the case of the Swiss 3G auction.
Despite there being ten qualified
applicants, only four bidders, including the three incumbents, bid for the four
licences. The decision to set the reserve prices at negligible levels was no
doubt a strong incentive for ‘collusion’ to reduce bidder numbers before the
auction. The auction designers had urged a much higher reserve price, but
this advice was rejected for political reasons.34
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Klemperer (2002b), p.5.
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Wolfstetter (2001).
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The Dutch auction also highlights the problem of controlling entry into an
auction. The application of Versatel, a service provider, ensured there were
sufficient bidders for a proper auction. However, there were serious doubts
about the viability of Versatel’s business case.
The auction ended
controversially with Versatel’s withdraw, after one of the winning bidders
(Telfort) sent a letter to Versatel warning of legal consequences if it was
shown that it was not bidding with serious intent but rather to push up its
competitors’ costs or to gain access to their networks.
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8

Germany 3G auction

8.1

Overview
The German 3G auction took place in August 2000, the third in Europe after
the UK and Dutch contests. In line with the Telecommunications Act in
Germany the overreaching objective was to achieve spectrum efficiency. Like
the UK auction, the outcome was initially considered very successful, raising
an impressive DM98.8bn (51bn euros) and allocating six licences to the four
incumbent and two new entrant operators. However, the collapse of the two
entrants, disputes over roll-out obligations and network sharing, and criticism
of the auction format have taken some of the shine from the auction.
Although the German regulatory authority RegTP adopted a SMRA format, the
auction rules differed significantly from the ‘conventional’ approach. Rather
than divide the 60MHz of paired spectrum into a fixed number of licences, the
spectrum was divided into 12 abstract blocks. Successful bidders would have
to acquire at least two blocks, and could purchase at most three. This means
that the auction outcome would determine whether there would be four, five
or six licence winners. RegTP believed that this approach should produce a
more efficient outcome than a UK-style SMRA on the basis that the market
should be better placed than the regulator to determine the optimal number
of players. However, arguably, the designers failed to consider fully the
negative impact of bids being distorted by the desire of bidders (especially
incumbents) to affect market structure and the impact of increased
uncertainty over the eventual market structure.

8.2

Auction description

8.2.1 The licences
The final licences awarded to bidders were determined through a two stage
auction process:
In the first stage, bidders could bid for either two or three blocks of
5MHz paired spectrum.
The outcome of the crucial first stage
determined the license winners.
In the second stage, licence winners could bid for additional blocks of
5MHz unpaired spectrum. Restricting participation in the second stage
to winners from the first auction reflects the view at the time that
demand for unpaired spectrum would be wholly dependent on
acquisition of paired spectrum.35
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This was a consistent assumption across Europe.
However, it now appears
mistaken. European 3G operators have not to date made use of their unpaired
spectrum. However, in Australia, unpaired spectrum alone has been acquired by
Arraycom to launch high-speed mobile data service using non-UMTS technology.
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The licence duration was set at 20 years.
Strict coverage obligations were attached to licences in order to ensure
a minimum level of services roll-out. Licence winners were obliged to
offer UMTS/IMT-2000 mobile radio services to at least 25% of the
population by end-2003, and to at least 50% of the population by end2005. There was also discretion for the regulator further to increase
coverage obligations were it to licence additional spectrum in the
future.
There were no obligations placed on incumbent GSM operators who
won licences to provide national roaming to new entrant 3G operators.
For GSM-operators there was an obligation granting special network
access, such as MVNOs. It was not clear to what extend this would
also apply for 3G operators.

8.2.2 Market conditions and participants
There were a number of significant differences in market conditions between
the UK and German 3G auctions:
The German auction took place over three months later, and during
this period, market conditions had deteriorated. Telecom stock prices
had started to drop and continued to do so during the auction.
Nevertheless, sentiment towards 3G services was still relatively robust.
The market structure in Germany was different. Unlike in the UK,
where there were four relatively evenly matched operators, the two
original GSM operators, Mannesmann and T-mobile, each had about
40% market share. Two later entrants, E-plus and Viag Interkom had
market shares of 15% and 5% respectively. There were, however, a
number of large, national service providers, notably Debitel and
Mobilcom.
As in the Netherlands, the auction stimulated a wave of alliance
making, as bidders sought to reduce competition for licences and share
the financial burden of acquiring a licence and building a network. For
example, France Telecom aligned with Mobilcom, KPN (owner of EPlus) aligned with Hutchison (winner in the UK) and Japan’s DoCoMo,
and Sonera (Finland) and Telefonica (Spain) formed a joint bid
vechicle.
Initially twelve bidders registered to participate in the auction. However, one
was rejected by the regulator and a further five withdrew subsequently. This
left seven bidders for 4 to 6 licenses. They included all the four existing GSM
network operators (marked *) and three potential new entrants:
T-Mobile* (Deutsche Telekom)
Mannesmann* (Vodafone)
E-Plus* (KPN)
Viag Interkom* (then part owned by BT - now O2)
Mobilcom (linked to France Telecom)
Group 3G (Telefonica, Sonera – now Quam)
April 2004
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Debitel (Swisscom)
Despite the limited number of bidders, the auction was widely expected to be
competitive, not least because incumbent operators were expected to try to
keep out new entrants by bidding on the maximum number of blocks. All
seven players were perceived to have good business cases to pursue licences,
although Mannesmann and T-Mobile were clearly the strongest. Amongst the
entrants, Mobilcom and Group 3G were perceived as stronger than Debitel,
owing to their heavy-weight backers. However, there was a significant
element of uncertainty over the willingness of the incumbent operators (and
in particular the two smaller operators) to pursue 15MHz rather than 10MHz,
given the possibility that this might block new entry, but that each individual
incumbent had an incentive to free-ride on the others to keep out new
entrants.

8.2.3 Auction format and bidding rules
The format chosen for both stages of the auction was a simultaneous multiple
round auction (SMRA). Many of the rules were similar to those in the UK 3G
auction, but there were also significant differences, in particular the use of
twelve abstract frequency blocks of 5MHz paired with bidders seeking to
aggregate 2 or 3 of them each. In addition, rather than use remote bidding,
RegTP instead opted to co-locate all bidders at its office in Mainz.
The key rules for the crucial first stage of the auction were as follows:
Each qualified bidder had to submit a bank guarantee deposit at least
14 days in advance of the auction. This was set at DM 20 million per
block, a tiny fraction of the expected price. In addition to the deposit,
each bidder had also to submit a bank guarantee, the amount
depending on the bidding rights demanded. The bank guarantee
necessary to bid on three blocks was 600 mn DM (307 mn euros).
Bidders were eligible to bid for either two or three of the twelve blocks,
depending on the size of their initial bank guarantee. Bidders could
reduce their demand from three to two blocks during the auction, but
could not subsequently increase their demand to three blocks again.
The bidder submitting the highest bid for a block in a round was
designated as the standing high bidder (where identical bids were
received in a round, this was the bid submitted in the fastest time).
Each bidder could bid for different abstract frequency blocks than in
the previous round, but could not withdraw standing high bids. In each
round, bidders had to bid or be highest bidder on at least two blocks in
order to remain active in the auction. Standing high bidders could
increase their bids.
The minimum bid for each block in a round was the current high bid for
that block plus a percentage increment. The increment was set at the
discretion of the auctioneer and announced prior to the start of each
round (initially it was set at 10%, but later reduced to 5% and 2%).
The auctioneer also had discretion to determine the increments as an
absolute value rather than percentage, but this power was not applied.
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The reserve price for each block was DM 100 mn. The minimum bids
in each round were rounded up to whole multiples of DM 100,000, and
bids were also in whole multiples of DM 100,000. (In the second
stage, the minimum bid for each block of 5 MHz unpaired spectrum
was DM 50 mn.)
At the start of each round, the auctioneer announced the amount of
the current high bids and identity of high bidders, as well as the
identity of any bidders withdrawing from the auction. No information
was provided about unsuccessful bids nor the number of bids made by
each bidder. As a result, it was not necessarily obvious if a bidder was
bidding on two or three blocks, or when a bidder dropped its demand
from three to two blocks.
The auction stage closed when no valid bids were made in a round for
any of the twelve frequency blocks. All bidders who were standing
high bidders on two or three blocks were provisionally awarded
licences accordingly. Had there been any unsold blocks at the end of
stage one, they would have been included in the stage two auction.

8.2.4 Auction outcome
The auction lasted for 173 rounds over 14 working days. The total amount
raised for the five licences was DM98.8bn (51bn euros), which was in line
with revised market expectations based on the UK 3G auction (but higher
than RegTP expected).
The final results are reported in Table 2. There were six winners, including
the four incumbents plus entrants Mobilcom and Group 3G. Each won 10MHz
paired and paid roughly similar prices. Debitel’s failure to win a licence had
been widely predicted. However, many commentators were surprised by the
failure of the incumbents to block the other entrants.
Table 2: Results of the German 3G auction

Licence

1
2
3
4
5
6

Bandwith
Mhz

Holder

2 x 10 + 1 x 5 Mannesmann*
2 x 10 + 1 x 5
T-Mobil*
2 x 10 + 1 x 5#
E-Plus*
2 x 10
Viag Interkom*
2 x 10 + 1 x 5
Mobilcom
2 x 10 + 1 x 5
Group 3G

Bid 1 stage
Eu Bn.

Bid 2 stage
Eu Bn.

8,42
8,47
8,39
8,44
8,36
8,4

0,061
0,062
0,037
0,061
0,062

Total

145

50,51

0,286

Average

20

8,42

0,057

* indicates GSM incumbents
# indicates unpaired spectrum of lesser quality

Unlike the UK and Dutch 3G auctions, the final prices paid were determined
not by the departure of the marginal bidder (Debitel) but by the decision of
the strongest bidders to drop their demand from three to two blocks. The
number of bidders pursuing three blocks was critical, as this determined the

April 2004

42

final number of licence holders. When only six bidders were left, one bidder
alone could potentially reduce the number of licences to five, but only at the
expense of driving up the prices of all licenses. Three bidders pursuing three
blocks each would be required to limit the number of licences to four.
The auction could have ended at any point from round 126 when Debitel
dropped out, had the six remaining bidders been willing to settle immediately
for two blocks each.
Instead, they continued to pursue three blocks,
presumably in the hope of knocking out one or more of their rivals. Over the
next 20 rounds, the two remaining entrant bidders and two smaller
incumbents scaled back their demand. By round 147, only Mannesmann and
T-Mobil were left pursuing extra blocks, so there was guaranteed to be at
least five licence winners. These two bidders continued to pursue three
blocks, thus driving up all licence prices, but no other bidders dropped out.
T-mobile eventually dropped back to two blocks in round 167 and
Mannesmann followed in round 172, thus ending the auction.
The bidders paid a high price for the attempts by the leading incumbents to
secure three blocks. Had the auction ended when Debitel dropped out, the
average price per block would have been just DM 5bn (60bn in aggregate).
The final prices paid were almost 70% higher.
One feature of the later rounds of the auction was the apparent attempt by
Mannesmann to signal to T-Mobile that it was willing to settle for a six-player
market.36 During the rounds 130-150, Vodafone used small jump bids in
seven of its eight bids, such that its bids always ended with the digit “6”.
Curiously, when T-Mobile did finally drop back demand, it did so at a price
level roughly equivalent to UK 3G levels, which many perceived as a possible
breaking point for the smaller bidders.
The bidding behaviour in the auction was otherwise generally predictable,
with bidders using a combination of minimum bids and small jump bids in an
attempt to win blocks at the lowest possible prices. In the early rounds,
there was some strategic incentive for bidders to attempt to disguise whether
they were bidding for two or three blocks by attempting to target the same
blocks as rivals and minimising the likelihood of becoming the highest bidder.

8.2.5 Subsequent market developments
Like the UK 3G auction, the German contest initially received much positive
press coverage because of the high prices achieved.
However, some
operators were left embittered by the outcome, especially the way in which
prices continued to rise after Debitel’s exit. Several participants complained
about the process and Mobilcom went as far as preparing legal proceedings
against the government in a fruitless attempt to get its licence fee back.
Hopes that the 3G auction would stimulate competition in the German market
have not been realised. The two entrants, Mobilcom and Group 3G (renamed
Quam) quickly ran into financial difficulties, not least owing to debt burden
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See Wolfstetter (2001) and Klemperer (2002c).
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created by the high licence fees, and both have now withdrawn as operators.
Mobilcom sold its infrastructure to E-Plus and handed back the license and
frequencies to RegTP. Mobilcom now have an MVNO agreement with E-Plus.
Quam have still not “officially” closed down the operation and returned the
frequencies. RegTP is awaiting the solve of the Quam case before determining
what to do with the returned frequencies.
The 2G market remains dominated by T-Mobile and Vodafone (formerly
Mannesmann), and there are persistent rumours in the press that their
smaller rivals, E-Plus and O2 (formally Viag Interkom), may attempt to
merge. Vodafone and T-Mobil have started to sell some 3G services but the
major launch of 3G in Germany is still to come.

8.3

Assessment

8.3.1 Choice of auction format
In line with the Telecommunications Act in Germany the overreaching
objective was to achieve spectrum efficiency. Why did RegTP choose a design
so different to the standard SMRA format used in the UK and many other
European countries? The key decision it made was to allow the market to
determine the number of licence holders. Other decisions on format largely
flowed from this.
RegTP initially considered having five fixed licences, as in the UK and
Netherlands. It rejected this in favour of having a flexible number. There
appear to have been four main motivations behind RegTP’s decision:
The auction was planned early on (before the UK auction was held)
and at the time there were quite differing opinions as to whether 10
MHz was an adequate minimum amount of spectrum or not.
Therefore, RegTP decided to devolve this decision to the market. This
is consistent with the general belief that bidders have superior
knowledge of the market to regulators, and therefore are better placed
to estimate the relative value of licences under different market
structures.
RegTP did not consider it objectively necessary nor in the interests of
competition to set different conditions for new entrants from
incumbents, for example by reserving a particular licence or frequency
blocks for entrant bidders. Its approach differed from the UK RA,
which deliberately set out to promote new entry.
It had previous experience of running a spectrum auction with
multiple, abstract frequency blocks; in 1999, it auctioned additional
DCS 1800 spectrum, which was shared amongst T-Mobile and
Mannesmann.
It may have been concerned about maintaining a competitive auction
rather than allowing bidders to form alliances to match the number of
licences in advance of the auction. Wolfstetter (2001) has criticised
later 3G contests using a UK-style format with a fixed number of
licences on the basis that they tend to encourage a reduction in the
number of bidders to equal licences. He argues that such tacit
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collusion is less likely with the German format, as it is harder for
bidders to ‘fix’ demand if the number of licences can vary.37
Other significant aspects of the auction format flowed logically from the
decision to have flexibility in the number of licences.
As bidders would eventually require contiguous spectrum, it was
necessary to auction abstract rights to spectrum blocks rather than
specific blocks; otherwise a more complex auction design would have
been required to help bidders manage their synergies between blocks.
This meant it was also inappropriate to bundle unpaired spectrum with
the paired 5MHz blocks. Hence, the need for another auction to
allocate this spectrum amongst bidders.
It was also necessary to use a SMRA, rather than sealed bid or
sequential alternatives. Selling all the blocks simultaneously with
ascending bids over multiple rounds ensured that they each sold for
similar prices and allowed bidders to manage substitution and
aggregation risks. Using ascending bids also allows bidders to learn
from the bidding behaviour of others and thereby increase certainty
about the value of licences in a common value setting. In this context,
the decision not to reveal full information about bids at the end of each
rounds is surprising. This may be because RegTP mistakenly thought
it might reduce the incentives for bidding to keep out entrants.

8.3.2 Effectiveness of the auction
Much has been written about the outcome of the German 3G auction, both
complementary and highly critical. The auction raised more revenue than
any other European 3G contest. It also delivered a potentially competitive
market structure (six players) and was efficient in the sense that the six
winning bidders appeared to have a higher collective valuation than any other
combination of bidders. However, critics allege that this was more good luck
than good design; they also point to unusual bidding behaviour in later
rounds as an indication that the outcome was distorted by bids driven by
anti-competitive motives.
Positive market sentiment and the presence of three new entrants (two of
whom were potential pan-European players) were key factors driving up
prices. However, the auction format also played a key role. Prior to the
auction, the design was harshly criticised by Jehiel and Moldovanu as “an
error with serious consequences”.38 They feared that the “the auction would
most likely lead to four licenses in the hands of the four incumbents”, as their
valuations would be bolstered by the benefits of blocking new entry to the
huge German market. Although the incumbents ultimately failed to block
entry, it does appear that the two leading incumbents deliberately drove up
prices by pursuing three blocks in an attempt to reduce future competition
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38

Jehiel and Moldovanu (2000).
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rather than on the basis of the cost advantages that a third 5 MHz block
would provide.
Had the strong bidders been less bullish about their prospects of squeezing
out competitors, they might have won licences at a much lower price.
Potentially, the industry could have collectively saved over 20bn euros. Does
it matter that bidders paid so much more than they might have done?
Simple auction theory suggests not. The additional payments represent a
transfer of anticipated producer surplus to the government; as they are ‘sunk
costs’, they did not change the efficiency of the final distribution. However,
the argument that ‘sunk costs’ do not matter does not necessarily hold if
licence purchase is financed by debt. Even though the two large incumbents
failed to force out the entrants in the auction, the extra debt burden that the
entrants had to take on owing to the higher fees no doubt contributed
towards their post-auction collapse.
More generally, there appear to have been a number of deficiencies with the
auction design and implementation:
The auction was not fully transparent (unsuccessful bids were not
disclosed) and tie breaks were settled by time of bid rather than
random draw. In combination, these polices appear to have distorted
bidding behaviour. Given the small number of bidders, it was possible
to work out whether someone was bidding on two or three blocks, and
whether they’d dropped back, albeit with some delay. However, for
incumbents seeking to block new entry, not knowing exactly how many
blocks the other incumbents were bidding on created the risk that two
would fall back to two blocks in the hope that the other would continue
to block entry. One of the key issues was indeed how to signal the
point at which one dropped back. At the same time, however, this
created the incentive to bid on three blocks longer than necessary,
thus perhaps driving up prices.
The decision to co-locate bidders increased costs and made it more
difficult for bid teams to communicate with their companies, which
complicated governance arrangements. As other auctions have shown,
it is possible to run spectrum auctions more cheaply with remote
bidding.

8.3.3 Comparison with other auctions
The outcome of the German 3G auction compares favourably with subsequent
European 3G contests, delivering both high revenues and a six-player
market. However, it appears that much of this success may be attributed to
good fortune rather than good auction design. Although, in this case, the
format did help to push up revenues relative to other 3G auctions, this is not
a guaranteed outcome and may not be particularly efficient.
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Wolfstetter (2001) has been the most prominent academic proponent of the
German auction design, which was also used in Austria.39 He argues that it
encourages entry and increases revenues relative to the more standard SMRA
format used, for example, in the UK, Netherlands and Switzerland. In
particular, he argues that the Swiss auction (where the four licences sold to
the only four bidders at the reserve price) could have had a more successful
outcome if it had borrowed from the German and Austrian design. However,
there are weaknesses to this argument:
High revenues under the German design may depend on incumbent
bidders being willing to try drive out entry. If, instead, incumbents are
fearful of high licence costs, they may allow entry at low prices. This
appears to be what happened in the Austrian 3G auction, where the six
bidders shared out two blocks each at prices close to the reserve level.
There are good reasons why governments may want to generate high
revenues from spectrum auctions.
However, this is normally
considered a secondary goals relative to efficiency and competition.
Both Klemperer (2002) and Jehiel & Moldovanu (2001)40 have strongly
criticised the German auction format on the basis that the outcome in
terms of number of competitors is driven by bidders’ profits rather
than consumers’ demand or social welfare.
The six-player outcome in Germany and Austria surprised many
commentators. As a result, Borgers and Dustmann (2003) have
questioned whether economic theory may have over-estimated the
value that bidders attach to market power. However, it is not hard to
imagine that the German auction could easily have ended in a less
competitive outcome. Moreover, the fact that bids late in the auction
appear to have been motivated by market power concerns indicates
that the outcome was distorted.
In summary, the German format provides a useful mechanism for allocating
spectrum where it is difficult for the regulator to determine the optimal
amount of spectrum for bidders. However, the advantages of allowing
bidders to determine the number of licences may be more than offset if the
format creates an opportunity for bidders to exploit market power. This is
particularly likely to happen in a contest where there are strong asymmetries
between bidders, e.g. where powerful incumbents are competing with new
entrants. In these situations, if entry is a concern, then running a sealed bid
auction is more likely to generate an efficient outcome.
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Klemperer (2002b) and Jehiel and Moldovanu (2001).
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9

United Kingdom 28GHz BFWA auction

9.1

Overview
In November 2000, the UK Radiocommunications Agency (RA) held an
auction for licences in the 28GHz band to run broadband fixed wireless access
(BFWA) services. The SMRA format used was modelled on similar spectrum
auctions in the United States and on the successful UK 3G auction earlier the
same year. However, the auction was a disappointment, selling only 16 of 42
licences and raising a fraction of the anticipated revenues.
The poor outcome appears to be primarily the result of unfortunate timing –
it coincided with a collapse in market confidence in the telecoms sector –
rather than bad auction design. It is doubtful that any other auction format
would have performed better in terms of promoting efficiency or competition.
However, lower reserve prices and/or the removal of coverage obligations on
licences might have helped to stimulate demand.

9.2

Auction description

9.2.1 The licences
There were 42 licences in total: 3 blocks of 112 MHz in each of 14 regions of
the UK. Bidders were allowed to apply and bid for at most one licence in
each region, but could acquire licences across any combination of the 14
regions.
Each region represented a geographically contiguous area of the United
Kingdom, with total population varying from 1.6 million to 7.1 million. For
the purposes of deposits and activity rules (see below), each region was
treated equally. However, there were five tiers of reserve price per licence
per region:
£100,000; £1,000,000; £2,000,000; £3,000,000 and
£4,000,000. Regions were assigned to a particular tier based on their
perceived relative attractiveness to bidders (reflecting factors such as total
population, number of businesses and regional development).
A ‘purpose of use’ requirement attached to each licence restricted the
licensee to using the spectrum for connecting end users to a
telecommunications network, with data rates of at least 2Mbps on demand. A
‘use it or lose it’ clause also obliged the licensee to establish a network
capable of delivering services to 10% of businesses within each of its licence
region by 30 June 2002.

9.2.2 Market conditions and participants
At the time the auction was being developed, there appeared to be no
shortage of potential bidders for BFWA licences. The RA anticipated a highly
competitive auction, and this was reflected in a large number of
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applications.41
Prospective bidders included a mixture of foreign FWA
operators, subsidiaries of larger telecom operators and utilities, and new start
ups. However, in the event, only ten of twelve eligible bidders turned up for
the auction: Broadnet; Chorus; Eircom; Energis; Faultbasic; Firstmark;
Formus; Norweb; Unica and Winstar. They only bid for a small proportion of
the available licences.
The RA’s initial optimism about the level of competition for licences reflected
the optimistic market conditions in the first half of 2000.
There was
considerable enthusiasm for FWA technology as a wireless alternative to fixed
lines for delivering high bandwidth services, especially to small and mediumsized enterprises. Reflecting this, a large number of companies had been set
up across Europe to acquire and exploit spectrum licences for FWA. Some
countries had already awarded licences, for example Germany, and
companies were starting to launch services. In Switzerland, an auction in
March 2000 had raised an impressive CHF 582mn (360mn euros), with ten
bidders and aggressive competition for licences in the main regions.
In the final few months before the auction, market conditions deteriorated
markedly. Confidence in telecoms in general was waning following the
bursting of the technology stocks bubble. The FWA sector was particularly
vulnerable, owing to unproven demand for services and the high proportion of
small companies dependent on investment capital. This appears to have
taken its toil on bidders. The number of applicants was less than widely
expected and one of the perceived strongest bidders (Orange) dropped out
before the auction.

9.2.3 Auction format and bidding rules
As with the UK 3G auction, the RA adopted a SMRA format, the design of
which was inspired by previous US spectrum auctions. Many of the detailed
rules were the same as the 3G auction, although the inclusion of multiple
regions added complexity.
Bidding and other communications were
transmitted using a private dial-up connection for data transfers.
The key features of the auction were as follows:
Discretionary bids – in each round, bidders could bid any amount for a
licence between the maximum and minimum levels set by the
auctioneer. Minimum bids were set at the level of the current price
plus a bid increment. The minimum increment was initially set at 15%
of the current price of each licence but could be reduced in subsequent
rounds at the discretion of the auctioneer. The maximum increment
was fixed at 150% of the current price. Bids were in multiples of
£10,000.
Binding bids - Bidders could only bid for one licence per region.
Bidders who were the current highest bidder in a region could not
withdraw or alter their bid in any way.
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Interview with Joe Sonke, Ofcom, formerly head of the RA BFWA auction team.
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Random tie breaks - If two or more bids were submitted on the same
licence in the same round, the software randomly designated a highest
bidder.
Activity rules - These determined the pace of the auction by penalising
bidders who are inactive through reductions in their ‘eligibility points’
(see detailed explanation below). The auction closed for all licences
simultaneously in a round where there are no new bids or waivers.
Rising deposits - As a bidders’ aggregate expenditure increased, there
were rules requiring it to make additional deposits with the RA in order
to maintain eligibility to bid.
Full transparency - At the end of each rounds, bidders received full
information on all the bids made, not just the highest ones.
The inclusion of regional licences in a simultaneous format may require the
development of relatively complex activity rules, so that bidders can manage
any preferences and synergies between licences. Essentially, the purpose of
these rules is to maintain an adequate auction pace while allowing bidders
flexibility to switch between licences and/or manage any risk that they
become ‘stranded’ on a licence that they only want in combination with
another regional licence.
The activity rules adopted for the BFWA auction were as follows:
Each of the 42 licences was assigned one eligibility point. In their
applications, each bidder designated the total number of eligibility
points that they required at the start of the auction, and placed
appropriate deposits. For example, a bidder that applied for six
eligibility points would only be permitted to bid on a maximum of (one
licence in each of) six regions in a single round. Within this limit,
bidders were free to bid on and switch between any region.
A bidder could not make bids in excess of its eligibility points. A bidder
wishing to maintain their eligibility points from the previous round
must undertake bids that correspond to a certain percentage of its
eligibility points (the ‘activity requirement’).
The activity requirement is set by the auctioneer and is announced at
the beginning of each round. The rules allowed for it to be set initially
at between 50% and 59% and thereafter to be gradually increased at
the discretion of the auctioneer. In practice, for the first six rounds it
was set at 50%; in rounds 7 to 19 at 75%; and in rounds 20 and 21 at
100%.
If a bidder bids below the activity requirement, the bidder’s eligibility
points level shrink proportionately. In the next round, the bidder’s
points will be equal to its actual activity level in the current round,
multiplied by the reciprocal of the required activity level.
Each bidder was granted six waivers at the start of the auction.
Waivers could be used as an alternative to making a single valid bid in
a region, without affecting a bidder’s eligibility points.
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9.2.4 Auction outcome
The eight participants in the auction bid for only 16 of the 42 licences, most
of which were sold at the reserve price. In total, the auction raised just
£38.16mn (64mn euros), considerably below expectations of up to £1.5bn
revenues, as reported in the media.42 Despite the low level of activity, the
auction still lasted for 21 rounds of 5-70 minutes over 7 days.
Demand was very unevenly spread across the regions. Two regions – A
(London) and N (Northern Ireland) – attracted four bids each and were the
only licences to experience any competition.
Two other regions - B
(Manchester and Liverpool) and C (West Midlands, including Birmingham)
saw all licences sold at the reserve price. One or two licences were also sold
at the reserve price in each of regions I (Yorkshire), J (Northern England) and
L (Scotland). The remaining seven regions did not attract any bids.
Not surprisingly, given the low level of activity, bidding behaviour was
unremarkable. Bidders typically stuck to minimum bids, reflecting awareness
that there was a high likelihood that any bid submitted could be the last one
in that region and thus determine the final price paid. The only notable
feature was the use of waivers and activity rules by some bidders to delay
bidding on their full range of target licences.

9.2.5 Subsequent market developments
Amongst the licence winners, only one – Your Communications (formally
Norweb Telecom) – has actually launched commercial services. However,
most of the others have retained their licences and some apparently have
plans to launch services in the near future. As part of the government’s
efforts to sell the remaining licences, coverage obligations on all licences have
been relaxed and purpose of use requirements have been eased (for
example, the licences can be used for backhaul services, as well as end-user
broadband).
The prospects for growth in delivery of broadband services at 28GHz remains
uncertain. Most new entry in the broadband sector has been focused on DSL,
with entrants utilising regulated access products provided by incumbent
operator BT. Meanwhile, other wireless solutions – such as wide-area WiFi
and FWA at 3.5GHz – offer alternative delivery platforms for end-user
broadband.

9.3

Assessment

9.3.1 Choice of auction format
The SMRA format selected by the RA may reasonably be described as the
‘conventional’ format for spectrum auctions involving regional lots. The
format was very similar to previous US spectrum auctions, which were
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generally considered to have produced successful outcomes. Moreover, the
fact that the UK 3G auction had used a similar SMRA format helped to inspire
confidence in the design. Although the inclusion of multiple regions adds
complexity, the resulting format is still reasonably straightforward both for
the auctioneer and bidders, especially if implemented using bespoke software
and remote bidding.
With regional licences, the use of ascending bids coupled with simultaneous
sale is generally perceived to be advantageous, as it allows bidders to bid for
groups of regions and switch between both licences and regions on the basis
of relative prices during the auction. Such options are particularly valuable to
bidders that have synergies between regions (e.g. if demand for a region is
contingent on another) or if some bidders are cash-constrained, and thus
view different regional plays as substitutes. In this regard, the auction
format should be superior to more simple alternatives, such as a sealed bid or
sequential, ascending bid format (see Section 2 for a more detailed
comparison).
The RA considered a number of possible auction formats. One option was to
allow combinatorial bidding, so that bidders could more easily express
synergies between regions and manage aggregation risks relative to an
SMRA. However, this option was rejected, as the format was untested and
the RA was under strong time pressure to allocate the licences.43

9.3.2 Effectiveness of the auction
As with the UK 3G auction, the key goals of the BFWA contest were to assign
the spectrum efficiently, promote competition and realise the economic value
of the spectrum. However, the auction only allocated one third of the
available licences and the revenues raised were described in the media as
“pitiful”.44 Was this failure due to bad design or bad timing? The latter
appears to be the main explanation, although some mistakes in auction
design may have further depressed demand.
It is clear that the RA and its advisers misjudged the level of demand for
licences. The auction was designed at a time when there was very strong
business interest in FWA, and the RA was caught out by the sudden collapse
in demand. Nevertheless, even if the RA had predicted that demand could
fall to or below supply for many regions, it is unlikely that any other auction
format could have better met its goals. Consider the two main alternatives:
Sealed bids. In relation to 3G auctions, it has been forcefully argued
by Klemperer and others that using sealed bids rather than SMRAs can
encourage entry. However, this argument does not apply in the case
of BWFA, where demand reduction was solely the result of
deteriorating business cases, rather than perceived incumbency
advantages and strategic ‘collusion’, as in the case of some European

43

Interview with Joe Sonke, Ofcom, formerly head of the RA BFWA auction team.

44

Paul Allen (2001).

April 2004

52

3G contests. Rather, a simple sealed bid (especially a simultaneous)
one risks a grossly inefficient outcome, as bidders could not manage
licence synergies and substitution effects.
Sequential auction. As an alternative to one SMRA, the RA could have
run a series of sequential, ascending bid auctions, either for each
licence or each region. The Swiss WLL45 auction in March 2000 sold
each licence sequentially and had won popular acclaim for the high
revenues realised. However, the perceived success of the Swiss
auction is arguably illusionary; it would have been difficult not to have
achieved high revenues in the buoyant market circumstances at the
time. Furthermore, the outcome, with different licences selling for
widely divergent prices, can be criticised on grounds of fairness and
efficiency.
It is possible that this format would have increased
revenues in the UK, by playing on bidder uncertainty over the level of
competition.
However, this outcome would not have enhanced
competition, and might have reduced efficiency.
Had the designers been able to predict the low level of demand for most
regions in advance, they would not necessarily have needed to run an SMRA
at all. Licences in regions where demand did not exceed supply could instead
have been handed out on a first come, first served basis, which indeed was
the format adopted for attempting to dispose of unsold licences after the
auction. Possibly, such information could have been obtained by introducing
an application stage in which bidders were required to make binding bids for
licences (or combinations of licences) at the reserve price. This approach was
used successfully in the 2002 Nigerian FWA auction.46
Although bad timing rather than bad design appears to the main factor
behind the disappointing auction outcome, three design factors may have
unnecessarily inhibited demand:
The reserve prices for some regions may have been too high. This is
evident from the fact that apart from the three largest regions, the
only region to see all licences sold was Northern Ireland, which had
been perceived as the least attractive.
Uniquely, Northern Irish
licences had a reserve price of just £100,000, between 1/10th and
1/40th that of the other regions.
The coverage obligations associated with the ‘use it or lose it’ clause
may have discouraged bidders, given the uncertain nature of the
business case for FWA. The RA subsequently removed these clauses,
following the recommendations of the independent Review of Radio
Spectrum.
The absence of combinatorial bidding may have discouraged
participation or limited bidding. For example, one bidder’s strategy
was contingent upon gaining a metropolitan licence and uncertainty
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about achieving this apparently discouraged it from bidding for
surrounding regions.

9.3.3 Comparison with other auctions
The media perception that the UK BFWA auction was a failure was largely
driven by revenue comparisons with successful European 3G and FWA
auctions earlier in the year. This comparison is harsh, given the dramatic
change in market conditions. The UK auction was generally well designed
and implemented. Indeed, from an efficiency perspective, the design was
superior to that of the Swiss WLL auction, even though the Swiss contest
raised much higher revenues.
A number of aspects of the specific design represented an improvement on
SMRA design from the UK 3G auction. Notably, greater discretion was
introduced for the auctioneer in determining bid increments and there was
provision to scale up deposits as bids increased. These addressed specific
criticisms of the 3G auction design acknowledged by the designers (see UK
case study above).
The poor outcome of the auction does not appear to have dented the RA’s
(now Ofcom) confidence in this type of auction format. A similar format was
used reasonably effectively in 2003 to allocate regional FWA licences at
3.5GHz. An Ofcom official attributed any failings on the regulatory side not to
auction design but rather to insufficient understanding of the infant
broadband market and the role of BFWA within it, and indicated that the RA
may have been misled by the tendency of potential participants to over-hype
the market.47 He also acknowledged that there may be a role for binding
application rounds and/or some forms of combinatorial bidding in future
auctions of this type.
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10

Danish 3G auction

10.1

Overview
In September 2001, Denmark held the last of the 3G auctions in Western
Europe. Following the bursting of the telecom bubble, conditions were
difficult and demand uncertain. The regulator decided it was suitable to
auction four licences owing to the size of the market. However, with four
licenses to be auctioned, the Danes faced the difficult situation of having an
equal number of licenses to sell as the number of incumbents, and a primary
concern to encourage entry.
The task force led by the Ministry of Research and Information technology,
did a thorough job of designing the auction and adopting to this difficult
situation. A single round sealed bid auction format was selected, rather than
an SMRA, and this proved to be a wise choice. Specifically, the auction
format helped to attract a bid from a potential new entrant in addition to the
incumbents, and this ultimately resulted in robust revenues (compared to
contemporary 3G contests) and new entry.

10.2

Auction description

10.2.1 The licenses
In line with other countries in Europe, 60 MHz of paired and 20 MHz of
unpaired spectrum were assigned. This spectrum was divided into four
identically sized licences, each consisting of one paired 15MHz blocks plus
5MHz unpaired. The key feature of the licenses were as follows:
The licences had to be utilised in compliance with IMT-2000 standards
and a minimum of one of the licences had to be utilised in compliance
with the UMTS standard.
The licence duration was 20 years from the date of issue. There was
no provision for renewal at the end of this period. This was different
from the approach used for 2G licences, which were issued for 10
years with potential for automatic renewal for a further 10 years. The
20-year licence period was intended to offer bidders greater certainty.
The licensees were required individually to roll-out networks covering
30% of Denmark’s population by end-2004 and 80% by end-2008.
The coverage requirements were intended to provide a backstop ‘use it
or lose it’ condition, ensuring competition between independent
networks and a minimum speed of rollout. These obligations could not
be met through either network sharing or national roaming
agreements.
Subject to meeting these coverage obligations, new entrant licence
winners could take advantage of a national roaming agreement with
one of the incumbent operator outside the coverage obligations (this
option has subsequently been used by new entrant Hi3G). Under to
the Danish Telecommunications Act (2001), incumbent 2G operators
are obliged to take up any reasonable requests for roaming
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agreements from either entrant 3G operators or MVNOs. Access and
prices must be based on objective, transparent and non-discriminatory
terms.

10.2.2 Market conditions and participants
At the time of the auction, Denmark already had a highly competitive mobile
sector: amongst the four incumbents, TDC Mobile led with 41% of the
customers, followed by Sonofon (24%), Orange (15%) and Telia (7%); the
remaining 13% of the market was accounted for by service providers.
Established operators in Denmark were prohibited from forming consortia
with each other in order to bid for the 3G licences, but they could form
consortia with foreign mobile operators.
Demand conditions were very difficult, owing to depressed market sentiment
towards telecoms in general, and 3G in particular. Many other European 3G
auctions and beauty contests in the previous six months had failed to realise
any competition, and several had failed to sell all available licences (e.g.
France and Belgium). Further, there was particular concern about the
prospects for attracting bids in Denmark:
Sonofon’s participation in a 3G contest was in doubt, following the
decision of one of its main owners, BellSouth, to pull out. It was
uncertain if the other owner, Telenor, would bid alone, especially
following its failure to win a licence in Sweden.
Sonera, which had been expected to bid, announced that it was
abandoned its plans to expand into all Scandinavian markets through
licence acquisition.
The small size of the national market (Denmark is about half the size of
Sweden) raised doubts as to whether any other foreign bidders would be
attracted to make a bid.
In these circumstances, and after thorough consultation with the industry,
the government decided that it would not be viable to have more than four
licence. This meant that there would be the same number of licences as
incumbents, a situation that the auction task force feared would deter
entry.48 However, the possibility that Sonofon (or Telenor) might not bid or
be a weak bidder at least held out some hope for potential entrants.
In the event, there were five bidders, including all incumbents (marked *):
HI3G Denmark (Hutchison/Investor)
Orange* (France Telecom49)
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Interview with Professor Ken Binmore, advisor on auction design to the Danish
Auction Task Force. See also Klemperer (2002b).
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Orange as a consequence of France Telecom’s take over of the international mobile
operator Orange.
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Telenor (At that time, co-owner of the incumbent Sonofon)
TDC Mobile* (TeleDanmark)
Telia Mobile*

10.2.3 Auction format and bidding rules
The auction format chosen was a single round sealed bid. The main features
of the auction were as follows:
Registration and pre-qualification:
All prospective applicants were
required to register with the NTA and were required to pay a minimum
deposit of DK 200mn. They were then vetted to see if they qualified to
participate in the auction. Neither the number of registered or qualified
bidders was published.
Strict and detailed rules were developed to minimise the risk of collusion
between bidders. These included a rule preventing participation of
‘associated’ bidders, as well as the threat of heavy fines and exclusion to
any bidders found colluding. Bidders that were associated with other
bidders by virtue of cross-shareholdings of 20% or more, but who did
not possess confidential information in relation to other bidders or did
not have agreements to finance or assist other bidders, were given a
period of time during which they may remove the association or seek a
derogation.
Bidding rules: Bids were unconditional and irrevocable. They could be
expressed in terms of Danish Kroner with a maximum of two decimals.
The reserve price and minimum bid level was set at DK 500 mn.
Bidders were allowed to submit multiple bids, which could be delivered
to a number of designated addresses. In the event of multiple bids from
a bidder, the rule was that only the highest should be accepted. If there
would be two or more bids (from different bidders) that were identical in
value, the winner would be decided by random lottery.
Price: Licences were awarded to the four highest bidders, with each
winner paying the same price, based on the amount bid by the fourth
highest successful bidder. With reference to the then prevailing capital
market conditions for telecom operators and to reduce the upfront
financial burden on operators, the payment for licences was partly
deferred: 25% of the licence price was to be paid up front, with the
remainder payable in equal instalments over ten years, subject to a
rolling guarantee in respect of the next three years’ payments. The NTA
also charged a fee to the licensees in order to cover the costs involved in
the organisation and implementation of the auction.
Licence assignment:
Licences were allocated according to the
preferences stated by bidders in their registration documents. The
bidder that submitted the highest winning bid received their first choice
licence, and so on, with the fourth highest bidder receiving the
remaining licence.
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10.2.4 Action outcome
The winners of the auction were TDC, Telia, Orange and new entrant Hi3G
Denmark. The Telenor bid was unsuccessful. Each bidder paid DK 950mn
(Euro 128mn) each, the price of the fourth highest successful bid. Total
revenues of over 500mn euros, which – although low compared to the UK
and German 3G auctions – were almost double expectations.50 This result
was widely perceived as a great success.

10.2.5 Subsequent market developments
It is still to early to draw substantial conclusions about the development of
the Danish mobile market in light of the auction outcome:
Despite Telenor’s failure to win a 3G licence, Sonofon (now wholly
owned by Telenor) remains a leading 2G operator and is expected to
offer 3G services through an MVNO deal.
In August 2003, Hi3G signed a national roaming agreement with TDC
to secure 3's customers national full network coverage for mobile
telephony and SMS. Hi3G is so far the only operator to have launched
3G services in Denmark. The others are expected to launch later this
year.
TDC have bought Telmore, the largest and most successful service
provider in Denmark, leading to a somewhat more concentrated
market in the short term. This purchase apart, market shares between
the four 2G operators and service providers have not changed greatly
since the 3G auction.

10.3

Assessment

10.3.1 Choice of auction format
The Danish government invested heavily in designing its 3G assignment
process. A working committee was formed for the task including represents
from the NTA (now IT- og Telestyrelsen – NITA), the Ministry of Finance, the
Ministry of Research and Information Technology and the Competitions
Commission. It was originally planned to have a beauty contest for 3G
licences. However, faced with the obvious difficulties in a beauty contest of
trying to select the winners on fair and transparent terms and having
observed the successful use of auctions by other countries, a political decision
was taken to hold an auction.
The auction objectives were to license the use of 3G spectrum in an objective,
transparent and non-discriminatory manner, and in a way that secured longterm benefits for consumers and the economy, and in particular one that:
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promoted continued and sustainable competition in the provision of 3G
services;
ensured that the available spectrum is used with optimum efficiency;
and
subject to the other objectives, achieved a market price for this scarce
resource.
Attracting entry was a key concern of the auction design. Competition from
potential entrants was perceived as important in order to achieve a fair
market price for the licenses but also to potentially drive competition, roll-out
and innovation in the service market.
Reflecting this, the government
considered issuing five licences, so as to ensure new entry. However,
although this was technically feasible, feedback (formal and informal) from
incumbent operators and, more importantly, potential new entrants, cast
doubt on whether there was any business case for more than four 3G
network operators in the small Danish market. Hence, it was decided to issue
four licences.
A number of possible auction design were considered, including:
a single round, sealed bid;
an SMRA; or
an Anglo-Dutch hybrid (which combines an SMRA and sealed bid).
The design team opted for a sealed bid format, as this was considered much
more likely to attract entry in the context of poor market conditions and the
problem of there being the same number of licences as incumbents. It is also
much harder for bidders to ‘fix’ demand in a sealed bid contest, as unlike in a
SMRA, you cannot monitor the behaviour of other bidders. A single round
sealed bid auction is also fast and relatively cheap to organise and run. All
the licences were sold simultaneously, rather than sequentially, as the latter
might have introduced substitution risks for bidders and/or created
opportunity for collusion.
One possible concern in a sealed bid is that bidders will bid different amounts
and thus may pay very different prices for similar licences, an outcome that
may be perceived as unfair. Therefore, the price paid for all licences was
fixed at the level of the lowest successful (fourth highest) bid. Alternatively,
the price could have been linked to the price bid by the highest looser instead
of the lowest winner. However, this would potentially have benefited strong
incumbents (who could then bid high in expectation of only paying an
entrant’s valuation), and thus potentially discouraged bids from new entrants.
It would also have produced lower revenues.
A number of further features of this auction are of interest:
The number of bidders was not disclosed. This is unusual in spectrum
auctions, as such information is considered useful to bidders in helping
them to form their valuations. However, in a situation of low demand
and concern that incumbents may try to fix the market, hiding the
number of bidders introduces uncertainty for incumbents, encouraging
them to bid a higher proportion of their value.
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Bidders were allowed to submit as many bids as they liked and could
submit them to a number of different locations. These unusual rules
were designed to make it harder for bidders to enforce collusion and/or
identify whether there might be only four bidders (in which case a bid at
the reserve price level would be sufficient to secure a licence).
The reserve price of DK 500mn was set well above a cost recovery level,
in order to prevent, in the event of weak competition, licences from
being sold at a politically unpalatable low level.
In the unlikely event of a tie, a lottery was proposed to decide the
winner. This is standard in auction design but can be perceived poorly,
as it is necessarily arbitrary. To minimise the risk of a tie for fourth
place, bidders were allowed to make bids in DKK to two decimal points.

10.3.2 Effectiveness of the auction
Denmark was the first European country to use a sealed bid format to assign
3G spectrum, bucking the trend to run SMRAs. This was arguably a brave
decision but one that appears to have paid off. The auction design was
successful in attracting competition, including (crucially) a bid from a strong
new entrant, and avoiding pre-auction collusion amongst bidders to fix
demand. The relatively high prices paid suggest that the three winning
incumbents were encouraged to bid a significant proportion of their value,
which they might not have done if they had though competition would be
negligible.
The perceived success of the sealed bid format – despite its theoretical
weaker efficiency properties than an SMRA – highlights the importance of
taking account of local market conditions in auction design. The design team
correctly identified that attracting entry was a much more serious concern
than the common value/winner’s curse problem. Further, it developed a
number of additional rules – such as not releasing the identity of bidders and
allowing multiple bids by the same bidder – designed to reduce the risk that
bidders could collude to ‘fix’ demand.
These unusual steps would not
normally be justifiable on efficiency grounds, but appear to have been
reasonable measures in this case owing to the emphasis on attracting a new
entrant bidder to compete against the incumbents.
How much impact these measures designed to attract entry really had is
uncertain.
This hinges critically on whether or not Hi3G would have
participated if the auction format had been different. Although an SMRA can
advantage incumbents, Hi3G may still have judged it has a reasonable
chance of winning given perceptions that Sonofon/Telenor’s bid was weak. It
is also conceivable that a more open format would have encouraged a link up
between Hi3G and one of the incumbents in order to reduce demand.
One obvious criticism of the Danish 3G auction is that it was held too late.
Though, it was held according to the time plan laid down in 1999, it was not
in any way beneficial for the Danes to be the last in Western Europe to hold
an auction for 3G-spectrum. While the Danes cannot be faulted for their
thorough emphasis on planning and design, an earlier auction date might
have resulted in a contest under more attractive market conditions.
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10.3.3 Comparison with other auctions
Compared to the revenues raised in the UK and German 3G auctions, the
Danish auction outcome looks poor.
However, set in the contest of
deteriorating market conditions and assignment failures elsewhere, it appears
rather successful. In particular, the revenues raised were much higher than
in Switzerland, Belgium and Greece, which also held auctions. Moreover,
unlike in these countries (and many that held fixed price beauty contests), all
four licences were sold.
The outcome also enhanced competitiveness,
introducing a new entrant (Hi3G).
The designers of the Danish auction clearly learned from the problems
experienced with auctions in countries such as the Netherlands, Switzerland
and Belgium. In particular, they recognised the importance of attracting bids
from entrants and the dangers of collusion to ‘fix’ the number of bidders,
especially in the context of having the same number of licences as
incumbents. The use of a sealed bid and various anti-collusion rules –
although not necessarily the critical factor behind the auction’s perceived
success – were an innovative and intelligent response to the concerns about
entry. They illustrate the importance of tailoring auction design to local
circumstances and not assuming that because one type of auction design has
been favoured for a particular type of licence assignment, it is necessarily
appropriate in all cases.
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Part C:
Scenarios for Sweden
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11

Introduction to auction scenarios

11.1

Overview
In this part of the report, we develop four plausible scenarios for spectrum
assignment, and discuss the auction design choices that PTS would face. The
objective behind the scenarios is to illustrate the impact of using varying
auction formats and rules in diverse situations. In devising the scenarios, a
key aim has been to identify situations of potential relevance to Sweden.
This objective notwithstanding, these scenarios are purely illustrative – they
do not relate to any specific assignment processes that the PTS may hold in
the future.
In consultation with the PTS, the following scenarios were chosen:
One national spectrum license, weak / uncertain demand
Three national spectrum licenses, possible high demand
Regional licensing of fixed wireless spectrum
Additional spectrum for mobile services
A consistent format is used to illustrate each scenario. We begin with a
description of the scenario, identifying the type of licence (including potential
use), amount of spectrum or number of licences available, perceived market
demand and PTS objectives for the assignment process. On this basis, we
can identify the key auction design challenges which the PTS would face, for
example, potential entry problems, bidders asymmetries and aggregation
risks.
We then propose suitable auction formats and rules for the
assignment, describing the pros and cons of available options. Finally, a brief
conclusion summarises the main lessons from the case study. In the
remainder of this introduction, we provide an overview of spectrum
assignment objectives in Sweden. These objectives provide a common basis
for consideration of auction design in all our scenarios.

11.2

Spectrum assignment objectives of Sweden
The core objectives of the Swedish government in assigning spectrum are
derived from the EU Framework Directive51, the Swedish electronic
communications act (EkomL52), and the proposition53 to the same law.
These, in turn, are reflected in the four overall objectives of PTS, as
illustrated in Figure 2. These objectives need to be take into account in both
the choice and design of all spectrum assignment processes, including
auctions.

51

EU, 2002/21/EG PE-CONS 3672/01

52

1993:599

53

2002/03:110
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Figure 2: Four core objectives of PTS in spectrum assignment
1. Consumer interests in focus
Everyone shall have access to a broad range of communications
services.
The services shall be easy to use, affordable and of good quality.
The consumer shall have access to clear information about rights
and obligations.
2. Efficient competition
Impediments to entry for new service suppliers shall be low.
The rules promoting competition shall be clear.
The consumer shall be well informed in order to easily be able to
choose among various services and various service suppliers.
3. Efficient utilisation of resources
Limited resources such as frequencies and numbers shall be
allocated so that they provide the greatest possible benefit.
Radio communications shall be reasonably free from interference.
The rules for radio equipment and also number and frequency plans
shall be clear.
4. Secure communications
Everyone shall have access to secure communications.
Integrity protection shall be high.
Sweden shall have a robust infrastructure for communications
services and an active exchange of information in IT security issues.
The EU framework directive states that the allocation and assignment of radio
frequencies should be managed as efficiently as possible. Further, according
to this directive, each NRA shall promote competition in the provision of
electronic communications networks, electronic communications services and
associated facilities and services by, inter alia, encouraging efficient use54 and
ensuring the effective management of radio frequencies. This emphasis on
Member States to promote efficient use of radio frequencies is reflected in the
new Swedish law. Unlike the former Law of Radiocommunications (LRK),
EkomL explicitly expresses that “efficient use of radio frequencies” shall be
one of the bases for judgement when allocating and assigning permission to
use radio equipment. Accordingly, this is an objective of great general
importance.

54

in 6 §, chapter 3, Effektiv användning (sv)
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An overreaching objective of the EkomL is, through competition, to ensure a
variety of services, price and quality.
Further, as elaborated in the
proposition, the PTS has a responsibility to promote the use of certain new
services, ensuring adequate geographical coverage and speed of roll-out. In
general, this emphasis on promoting new services and roll-out should be
consistent with that of efficient use. However, in packaging licences for
auctions, it is important to consider that if obligations on licences are set too
high, they may discourage efficient bids in an auction.
The concept of “efficient use” is a broad one that may comprise a number of
different considerations, both technical and economic. For example, this
includes both the promotion of new effective technologies and ensuring that
the licenses goes to the operators with the strongest business case, which
usually corresponds to their ability to generate the most economic and social
value. When using auction as a means of assignment, an objective is to
license the spectrum to the user or users (operator) that will provide the
highest value services to Swedish consumers, subject to realising a
reasonable market value for the licences through a competitive assignment
process. In an auction, this is generally synonymous with the highest bid(s).
The use of auctions is also consistent with article 9 of the EU framework
directive “Management of radio frequencies for electronic communications
services”. This states that Member States shall ensure that the allocation and
assignment of such radio frequencies by NRAs are based on objective,
transparent, non-discriminatory and proportionate criteria. In addition to
these general objectives, the PTS also has a responsibility to manage its cost
basis and adopt assignment procedures that are appropriate to the type of
users. Therefore, PTS must also pay regard to practical factors, such as the
speed and cost-effectiveness of an auction, ease for participants to
understand the process and robustness to collusion. The outcome should
also be perceived as fair and should be robust to legal challenge.
Fulfilling these objectives is the most fundamental factor in auction design.
However, they are not the sole criteria. It is also necessary to consider the
type and number of licences available and the potential level of demand. In
some cases, there may be trade offs between objectives. For example, it
may be necessary to adopt an auction design that sacrifices some potential
efficiency in order to realise sufficient demand for licences (if this is not done,
then the risk is that insufficient demand will result in a much less efficient
outcome). Similarly, if licences are low value, then the auction design chosen
should not be prohibitively expensive; this may rule out an option that would
otherwise best fulfil PTS’ four main objectives. When presenting an auction
design to stakeholders, including potential bidders, the government and the
wider public, it is beneficial to link clearly auction design decisions to
objectives, and explain any compromises that have had to be made.
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12

Scenario A:
One national license, weak / uncertain demand

12.1

Description
Licence type: Spectrum in a frequency band suitable for providing
mobile telephony, but in a different band to existing services. The
spectrum could be used by incumbent operators to complement their
spectrum holdings in other frequency bands, or by a new entrant on a
stand alone basis.
Number of licenses: Only one (pre-packaged) license is being
assigned. This is due mainly to the shortage of available spectrum.
Demand: One large incumbent is expected to bid for the licence. A
number of potential entrants have expressed interest in the licence but
it is uncertain if they will bid. The PTS cannot exclude the possibility
that the business case for a new entrant is unviable. However, it also
has concern that entrants may be discouraged from bidding if they
perceive that they have little prospect of outbidding the incumbent.
Objectives: The main objective is to assign the spectrum to the user
that will provide the highest value services to Swedish consumers,
subject to realising a reasonable market value for the licences through
a competitive assignment process. (In this scenario) there are no
significant competition concerns arising from ownership of the
spectrum, so the government has no preference whether the spectrum
is assigned to an incumbent or new entrant operator.

12.2

Key design challenges
The most important challenge is to address the uncertainty in demand. In
order to achieve a competitive contest, the PTS needs to attract entry into
the auction. This means persuading entrants to bid for the licence, most
likely in competition with an incumbent, which is perceived as the favourite to
win the auction. One way to do this could be to handicap incumbents or give
special preferences to entrant bidders.
However, in this case, such
discrimination is undesirable, as it cannot be justified on efficiency grounds
and, worse, could lead to the licence being unsold, if the incumbent is put off
from bidding. Therefore, an auction format is required that encourages
participation but does not favour any particular category of bidder.
Establishing a pricing mechanism for the auction (reserve price level, first or
second price payment) is also complicated by uncertainty over the value of
the licence and likely demand. For example, a low reserve price could lead to
the licence being sold cheaply in the event that there is only one bidder.
However, a high price risks deterring all bidders and resulting in the licence
being unsold. Similarly, if the PTS wishes to attach any obligations to the
licence, for example, with respect to coverage, it will need to take into
account the extent to which this may depress demand.
Otherwise, the auction should be reasonably easy to design, as the fact that
there is only one licence means that there are no substitute/synergy issues to
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contend with. Given that the value of the licence is uncertain, and possibly
quite low, the final process should (ideally) also be relatively inexpensive for
the PTS to administer.

12.3

Proposed auction format and rules
For this scenario, we propose either:
a single-round, sealed bid format
or
an Anglo-Dutch auction
A sealed bid auction appears more attractive than an ascending bid format
(such as an SMRA), as the former is likely to much more attractive to
potential entrants. With ascending bids, entrants may be deterred by the
likelihood that the incumbent will simply outbid them over successive rounds.
In a one-shot contest, the incumbent may bid too low and lose. Using a
sealed bid thus increases the likelihood that a ‘weak’ bidder can defeat an
incumbent, without discriminating against any category of bidder.
A sealed bid is also more robust to the risk of pre-auction ‘collusion’, i.e.
attempts by bidders to fix the number of bids to equal the number of
licences. However, in this case, this is a lower order concern that attracting
demand, as collusion is typically more difficult when there is only one rather
than several licences to share out.
One downside of using a sealed bid is that bidders cannot learn from
observing the behaviour of their rivals, as in an ascending contest, thus
increasing the risk of ‘winner’s curse’. There may also be some loss in
efficiency in the event that the bidder with the strongest business case (which
may or may not be the incumbent) loses in a sealed bid because it shades
down its bids too much.
This problem could potentially be eased by adopting an Anglo-Dutch auction
format, which begins with ascending bids, but switches to a sealed bid when
there are only two active bidders remaining.
Detailed rules for the sealed bid (or for an Anglo-Dutch format) need to strike
a balance between the need to attract entry and the government’s other
objectives:
We recommend setting a relatively low reserve price and restricting any
coverage (or other) licence obligations to the minimal acceptable levels.
This should encourage participation in the auction. As the value of the
licence is uncertain, selling the licence ‘cheaply’ should not be a key
concern.
A first price payment rule (pay what you bid) should be used, rather
than a second price rule. This is more advantageous to potential
entrants, hoping to outbid an incumbent. It also removes the risk that it
could be troublesome for the PTS if it has to sell the licence at a low
(second) price to a bidder whose valuation (as revealed by their winning
bid) was much higher.
An application round, ideally with binding bids at a (low) fixed reserve
price, could be used to ease the risk of ‘overpayment’ by bidders in a

April 2004

67

subsequent sealed bid. If there were only one bidder, then the licence
would sell at that price. This rule would make it easier for all bidders to
estimate appropriate bid levels without unduly reducing the likelihood of
a new entrant securing the licence.
We briefly summarise the pros and cons of using our recommended format
for this auction in the following table.

Pros
- Encourages
auction

participation

Cons
in

- Higher entry means greater
chance of market value being
achieved for licence
- Using Anglo-Dutch format could
ease concerns about efficiency
of outcome
- Non-discriminatory
- Robust to collusion
- Simple and transparent. Easy
to understand and administer.
Robust to legal challenge
- Low cost and rapid process

12.4

- Outcome may not be as
‘efficient’ as ascending bid
process (might not result in
assignment to bidder that
values the license highest)
- First price rule means that
winning
bidder
may
pay
significant
premium
over
marginal (second) price
- Low
reserve
price
and
application round may mean
that licence sells ‘cheaply’ if
only one bidder
- Anglo-Dutch format is more
complex than sealed bid to
administer

Conclusion
Our recommendation of either a single round, sealed bid or Anglo-Dutch
format reflects the fact that encouraging entry is the fundamental design
challenge in this auction. The downside of potential (small) efficiency losses
relative to a pure ascending bid format are more than offset by the potential
benefits of attracting strong competition for licences.
In general, the Anglo-Dutch format should be preferable to the sealed bid
format, as it should produce a more efficient outcome without unduly
deterring entry into the auction.
However, this assessment should be
weighed against the fact that, while still relatively straightforward, it will
require greater time and cost to administer.
The optimal design would change if a high level of demand was anticipated,
and there were no strong asymmetries between potential entrants and the
incumbent. In this case, there would be no need for a sealed bid to
encourage entry (assuming collusion concerns remain absent). An ascending
bid process would therefore be preferable, as it should deliver a more
efficient outcome. If a sealed bid was used, then it would probably be
preferable to use a second-price format, in order to reduce the risk of
winner’s curse.
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13

Scenario B:
Three national licenses, possible high demand

13.1

Description
Licence type: Spectrum in a frequency band suitable for providing a
new type of potentially high-value telecommunications service (e.g. a
new mobile data service). The frequencies could be used by either
incumbent operators of other telecom services (fixed or mobile) or by
new entrants. Incumbents in other telecom sectors are not considered
to have any substantial advantages over new entrants that will need to
be specially addressed in the design on assignment method.
Number of licenses: The spectrum has been pre-packaged into
three national licences. This is based on consultation with the industry
and an engineering assessment of spectrum requirements to provide
the new service. Although the three licences have the same spectrum
endowment, bidders may place slightly different values on some of the
licences, owing to guard band issues. In order to promote competition
in the service market, bidders will only be allowed to win at most one
licence.
Demand: There has been strong interest in the licences, both from
existing telecom operators and potential new entrants. However,
given that the service is new and untested, there is some concern as
to whether this interest will translate into a high level of participation
in the auction. Potential auction revenues are entirely uncertain, but
some press reports have speculated that they could be substantial,
given the apparent high level of bidder interest.
Objectives: The main objective is to assign the spectrum to the users
that will provide the highest value services to Swedish consumers.
There are no significant asymmetries or competition concerns, as this
is a new service and thus there are no incumbents. A secondary
objective for the government is to realise a reasonable market value
for the licences.

13.2

Key design challenges
The key challenge for the PTS is to design a process that persuades potential
bidders to participate in the auction, so as to ensure a competitive process.
Assuming that this happens, then the purpose of the auction should be to
distinguish between bidders based on their relative valuations. Raising
revenues is not a key concern in this auction, being much less important than
establishing three operators of the new service. However, given the press
interest in the contest, it might be troublesome for the PTS of the licences
were perceived to sell cheaply.

13.3

Proposed auction format and rules
For this scenario, we propose using:
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a simple SMRA format
or
an ascending clock auction
An ascending bid auction format should offer the most efficient outcome,
allowing bidders to observe each others’ behaviour over successive rounds.
Given that there are no significant concerns about asymmetries between
bidders, the superior efficiency properties of an ascending bid format makes
its preferable to using a sealed bid auction process. In this situation, there is
no reason to suppose that using an ascending bid process will deter entry into
the auction.
Given that the three licences are close substitutes, it is important that they
are auctioned simultaneously, rather than sequentially. Therefore, an SMRA
format, in which bidders are able to switch between the three licences over
successive rounds on the basis of relative price, is appropriate. This should
ensure that the licences sell for similar prices, an outcome that should be
perceived as efficient and fair. Nevertheless, bidders will still be able to
pursue specific licences, reflecting any small differences they may have
between them owing to guard band issues.
An alternative option is to use an ascending, clock auction, in which the three
licences are treated as identical. Under this format, the prices of the licences
rise together in successive rounds until there are only three bidders left. This
ensures that the licences sell for the same price. However, if a clock auction
is used, a second stage SMRA process would be required to assign specific
spectrum to the winners of the clock auction.
With either format, there remains a general concern that interest in the
licences will not translate into actual bids in an auction. This problem cannot
be addressed through the auction design; however, a focused marketing
campaign by the regulator in advance of the auction may help.
A further related concern is the possibility of ‘collusion’ between bidders to
attempt to reduce the number of bidders to equal the number of licences.
This should be less of a risk than with 3G licences as this is a new technology,
which means that the cast of bidders may be unpredictable and there is no
clear hierarchy between them. Nevertheless, a few simple steps may help to
reduce the risk of collusion:
The time gap between the announcement of qualified bidders and the
auction should be kept as short as possible;
There should be strict rules forbidding collusion between applicants;
and
The reserve price should be set reasonably high (e.g. at the low end of
market expectations based on regulatory analysis, rather than at a
cost recovery level).
Setting the reserve price tied to market expectations should also guard
against the possibility that the licences are perceived to sell too ‘cheaply’ if
demand is unexpectedly low. Given the possibility that licence prices could
climb quite high, it may be appropriate to institute deposits that rise in stages
as bids climb.
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Both the standard SMRA and clock auction formats should be easy to
administer and simple for participating bidders. As all bidders are only
allowed to pursue one licence each and there is no discrimination between
bidders, activity rules are very straightforward. With both auctions (but
especially the standard SMRA), care is needed in determining the size of bid
increments, so as to promote a reasonably fast auction pace with while not
distorting the efficiency of the outcome by having over-large increments at
the end of the auction. Both auction types are suitable for being run using
auction software and remote bidding.

Pros

Cons

- Efficient, encourages bidders to
bid on the basis of their true
valuations
- Non-discriminatory
- Outcome perceived as fair.
Similar licences sell for similar
(standard SMRA) or identical
(clock) prices.
- Simple and transparent. Easy
to understand and administer.
Robust to legal challenge

-

If a clock auction is used, a
second stage to assign specific
spectrum will also be required.

-

Scope for ‘collusion’ to fix
number of bidders is greater
than with a sealed bid

-

Risk that if the reserve price is
set too highly, this could deter
entry

- Relatively low cost and rapid
process possible (using auction
software and remote bidding)

13.4

Conclusion
Our recommendation of either a standard SMRA or ascending clock auction
reflects is quite straightforward in this scenario. These formats should deliver
a more efficient outcome than a sealed bid in the absence of concerns about
bidder asymmetries. A sequential auction format is definitely undesirable, as
this could lead to the licences selling for very different prices.
The choice between the standard SMRA and clock auction formats rests on
the extent of the similarity between the licences.
If the licences are
essentially identical and bidders are unlikely to have any significant
preferences between them, then a clock auction is appropriate. Further, it
should be possible to conduct the second stage by random draw rather than
hold an SMRA. However, if there are potentially significant differences
between the licences, then a standard SMRA is appropriate, so that bidders
can express their preferences in the auction.
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14

Scenario C:
Regional licensing of fixed wireless spectrum

14.1

Description
Licence type: Spectrum suitable for fixed wireless services, i.e.
communications from point-to-multipoint. The spectrum could be used
by new entrants or incumbent telecom operators (fixed or mobile) to
provide end-user broadband data services. There are a variety of
technologies that could be deployed to run these services, and the
licences would be neutral between them. There is enough spectrum to
support up to two national licences, but services could be run either on
a national or local basis.
Demand: There has been significant interest from the market in the
licences, but it is uncertain if this will translate into actual licence
applications. Potential bidders have a wide variety of business cases,
ranging from operators seeking licences covering all Sweden or
multiple regions to small local operators, whose demand may be
limited to a single community area. It is anticipated that demand will
vary significantly between regions, with potential high demand for
spectrum covering the major city-regions but little or no demand for
less densely populated rural regions. Those bidders seeking spectrum
across multiple regions may anticipate significant synergies between
adjacent areas. In particular, demand from some parties for spectrum
in rural regions is apparently contingent on acquiring spectrum
covering nearby urban centres.
Number of licenses: The PTS plans to issue two licences in each of
Sweden’s 21 län (regions). No roll-out obligations are envisaged in
order to give operators maximum flexibility over how they deploy the
spectrum. To promote competition, bidders will be limited to one
licence in each region. Bidders may aggregate regional licences or
(following the auction) or allowing small communities, for example as
virtual operators, provide local services in part of a län.
Objectives: The primary objective is to allocate the spectrum to
those operators that have the strongest business case for using it.
Ideally, the format should allow both local and national operators to
compete on an equal footing. An important secondary objective is to
assign spectrum in as many regions as possible (especially rural ones
where there may be few existing services), so the bidding format
should not discourage bids for such regions. Given the uncertainty over
demand for the spectrum, raising revenues is not a significant priority.

14.2

Key design challenges
This is a much more challenging scenario than either A or B.
design needs to consider three problems in particular:

The auction

Aggregation/synergy risks.
A number of bidders are seeking to
aggregate regional licences, and have business cases where their
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demand for certain regions is contingent on winning others. Therefore,
ideally, the auction format should allow bidders to express the value of
synergies between licences in their bids; otherwise, the auction
outcome may be inefficient.
Threshold risks. There are also a number of bidders seeking individual
licences. In designing auction rules to assist larger bidders who want
to aggregate demand for regions, one danger is that these rules could
be ‘abused’ by larger bidders to outbid smaller rivals in certain regions.
Specifically, this could occur in a combinatorial auction, if larger
bidders link together bids for unrelated regions in order to leverage
their strength in one region into another. This is known as the
‘threshold problem’, and is typically only an issue if demand is very
uneven across regions (as is the case in this scenario!).
Uncertain and varying demand across regions. Some regions may
experience intense competition for licences, while others have demand
less than or equal to supply.
The auction format needs to be
sufficiently flexible to accommodate both types of situation.
Encouraging entry into the auction, especially amongst those
interested in licences covering less attractive rural regions is also
important.
Furthermore, the logistics of the auction are more complicated than in either
A or B, as there are a large number of licences (42) and potentially a large
number of bidders, who may vary in type from sophisticated national
telecoms players down to small local outfits. The auction format should
therefore be accessible to all these players.
As the licences are not
considered to be particularly high value, the format should not be unduly
expensive for the PTS to administer or for bidders to participate.

14.3

Proposed auction format and rules
For this scenario, we propose either:
a SMRA (similar format to the UK BFWA auction)
or a combinatorial auction (sealed bid or multi-round)
The most pressing concern is to develop a format that allows bidders to
express synergies between licences. Thus, a simple, sealed bid auction can
be ruled out. Further, sequential auctions of individual regions would also be
inappropriate, unless synergies in demand follow an identical hierarchy for all
bidders (e.g. demand for Malmö may be contingent on winning Stockholm,
but never vice versa).
This leaves three possible options:
A SMRA. This format has been widely used in this type of scenario, for
example by the US, Canadian and UK governments. All the licences
are sold at once, and bidders can shift demand between and across
licences in each region over multiple rounds. Bidders may still face
significant aggregation risks but these can be partly mitigated by the
use of variable activity requirements over the course of the auction
(see UK BFWA auction case study for explanation). Such auctions can
be run using bespoke software over secure networks with remote
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bidding; they are reasonably cheap to administer and straightforward
for participants.
A multi-round combinatorial auction. This scenario appears ideal to
run a combinatorial auction, as economic theory suggests this should
produce the most efficient outcome where there are significant
aggregation risks. Indeed, the scenario is similar to the situation in
the US 700MHz band, where the FCC has proposed using a multiround, combinatorial auction. However, the format is untested for
spectrum auctions and is potentially very complex for bidders.
Significant experimental testing of the auction format and specialist
software to solve combinatorial algorithms would be required, which
may mean that this approach is too expensive to be justified for this
auction. It also introduces the ‘threshold problem’, although typically
this is a modest concern relative to reducing aggregation risks.
A sealed-bid combinatorial auction.
Using a sealed bid format
significantly reduces the complexity and cost of running a
combinatorial auction for the auctioneer and bidders. It may also
encourage participation by smaller bidders, whose prospects of winning
licences and cost of entry are substantially reduced. This format has
been used successfully for this type of scenario in the 2002 Nigerian
FWA auction. However, the absence of multiple rounds significantly
increases the likelihood of an inefficient outcome, with licences not
necessarily assigned to those bidders who value them most. Further,
if bidders pay what they bid55 (rather than calculating a marginal price,
there is a risk that similar licences may sell for very different prices.
We summarise the relative pros and cons of using an SMRA versus a multiround combinatorial format in the table below.
Essentially, the choice
between an SMRA or a multi-round combinatorial format boils down to an
evaluation of how great the aggregation risks are for bidders versus the
increased cost and complexity (for the auctioneer and bidders) of running a
combinatorial auction. In the absence of concerns about asymmetries
between entrant and incumbents bidders, the efficiency weaknesses of a
sealed-bid combinatorial auction mean that this format is unlikely to be
selected.
In selecting the final format, the PTS requires as much information about
demand conditions as possible. It is therefore particularly important that the
PTS engages in an extensive demand evaluation exercise in advance of the
process. Further, there may be benefits from running an initial demand
evaluation round, in which applicants are invited to submit initial bids at
reserve prices. This might make it possible to eliminate from the auction
those regions where there is no excess demand, thus reducing the complexity
of the auction. Such bids would need to be potentially binding, in order to
ensure meaningful results that could be used to influences the auction design.
55

Rather than calculate a marginal price, which is possible but less than
straightforward where bidders make combinatorial bids rather than bids on individual
licences.
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Whatever auction design is used, consideration needs to be given to potential
differences in the value of the regions. It may be appropriate to set different
reserve prices across regions: low reserve prices for regions perceived as less
attractive may help to stimulate demand; and higher prices in more attractive
regions may help to safeguard against these regions selling ‘cheaply’ if
demand is unexpectedly weak. Activity requirements can also be set
differently across regions.

Pros

Cons
SMRA

-

Established auction format.
Relatively low cost and rapid
process possible (using
auction software and remote
bidding)

-

Reasonably simple for
bidders to understand

-

Bidders may still face
substantial aggregation risks
(but can be partially mitigated
through activity rules)

-

Outcome may be less efficient
than combinatorial bidding

Multiple-round combinatorial auction

14.4

-

Allows bidders to address all
aggregation risks

-

Should produce most
efficient outcome, provided
bidders are not confused by
format

-

Untested for spectrum auctions
(although there is a proposed
US format)

-

Potentially introduces threshold
problem for small bidders

-

May be costly to design and run
(would require experimental
testing and special software)

-

May be complex for bidders to
understand

Conclusion
Where there are both small bidders and larger bidders seeking regional
aggregations, either an SMRA or a combinatorial auction format should
produce a much more efficient result that a beauty contest or simple sealed
bid. Although combinatorial auctions should produce the most efficient
outcome, an SMRA may still be preferred on grounds of cost and reduced
complexity.
In situations where there are multiple regional licences and potentially many
bidders who may be seeking different combinations of licences, auction
design is much easier if the level and patterns of demand are well
understood. Demand evaluation is a fundamental part of the auction design
process.
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15

Scenario D:
Additional spectrum for mobile services

15.1

Description
Licence type: 16MHz paired spectrum suitable for use for existing
mobile services, including GSM, UMTS or other technology. Could be
used by a new entrant to build out its own network or by existing
operators to augment their capacity and manage their handover
between 2G and 3G technologies.
Objectives: The objective is to achieve an efficient usage of the
frequencies. This could mean assigning the spectrum either to an
entrant or to incumbents, or a mixture of the two. A possible concern
is that incumbent operators may bid for the spectrum with the aim of
blocking entry rather than their own needs. A secondary objective for
the government is to realise a reasonable market value for the
frequencies.
Number of licenses: Packaging the spectrum is difficult, owing to
the differences between bidders in the way that they plan to use the
spectrum. It is perceived that a new entrant wishing to set up a
national mobile network would require at least 10MHz paired
spectrum. However, a new entrant with a more limited business
model might require only a fraction of this spectrum. Incumbents
would typically require smaller amounts of spectrum, in blocks of 2MHz
paired or less. Ideally, spectrum assigned to each operator should be
contiguous, in order to minimise any wastage due to guard bands.
The PTS does not therefore want to package the spectrum in fixed
licences upfront. Rather, it wishes to use the assignment process to
determine how much spectrum is allocated to different users.
Demand: There is significant uncertainty about aggregate demand for
the spectrum. The larger incumbent mobile operators are expected to
bid for additional spectrum in order to ease costs of managing capacity
on their networks. The smaller incumbents have less immediate need
for the spectrum but are likely to bid for the spectrum at the right
price, as it creates ‘option value’ for managing future capacity. Entrant
demand is uncertain; there is a risk that entrants may be deterred
from bidding against established incumbents.
Notwithstanding
uncertainty over entry, there is press expectation that the auction
could generate significant revenues, given the high-value of the mobile
services that will use the spectrum.

15.2

Key design challenges
This is a particularly challenging situation for auction design. Developing a
format that can accommodate the conflicting demand of entrants and
incumbents is complicated as:
Certain entrants require a minimum of 10MHz paired spectrum, while
others may need as little as 2MHz. In order to accommodate those
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demanding smaller amounts of spectrum, it will be necessary to
package lots into 2MHz blocks.
However, this creates potential
aggregation risks for entrants seeking larger amounts of spectrum.
Specifically, an entrant seeking 10MHz spectrum may not wish to
compete in the auction if there is a risk that it may win some but not
enough spectrum.
In order to ensure a competitive contest, the PTS will want to
encourage new entrant bidders of all types. Indeed, in the absence of
entrants, the incumbents may simply share out the spectrum amongst
themselves at the reserve price (as happened in a German auction of
DCS 1800 spectrum). However, the presence of strong incumbents
may discourage them from making a licence bid, as they may presume
that they have little prospect of winning. Barring incumbents from
bidding for the spectrum could encourage new entry, but this would
also reduce competition and may eliminate the very bidders who value
the spectrum most.
There are significant competition concerns. Incumbents may simply
bid for spectrum to block entry. Further, if spectrum is sold in small
blocks, the incumbents may be able to implicitly collude to block a
major entrant by buying just enough spectrum between themselves
(e.g. by buying 8MHz out of the 16MHz together).
The auction design will also need to accommodate the preference for bidders
for contiguous spectrum.

15.3

Proposed auction format and rules
For this scenario, there are a number of possible options:
A SMRA (with one 10MHz and three 2MHz blocks);
A multi-round combinatorial auction (with eight 2MHz blocks); or
A sealed bid combinatorial auction (with eight 2MHz blocks)
Decisions on the packaging of spectrum into lots for the auction will have a
crucial impact on the choice of auction design. Two key decisions at the
outset are whether:
A pre-packaged 10MHz block should be created; and
any licences should be reserved for entrants.
Creating a pre-packaging 10MHz block would remove aggregation risks for
entrants wishing to set up a national mobile network. This, in turn, would
encourage bids for such spectrum, and thus increase the likelihood of new
entry. Further, reserving either a 10MHz or a number of 2MHz blocks for
entrants should encourage bids from new entrants, as it reduces their
exposure to being outbid by incumbents. One or both of these actions may
be justified if there is strong reason to believe that incumbents will bid for
anticompetitive purposes.

April 2004

77

The downside of either of these steps is that they may reduce the efficiency
of the auction outcome. Pre-packaging a 10MHz licence discriminates against
bidders wanting smaller blocks.56 Reserving a licence discriminates against
incumbents. Further, if only three 2MHz blocks are assigned, then potential
entrants seeking small amounts of spectrum may be discouraged from
competing, given the likelihood they will be won by incumbents.
If the spectrum is pre-packaged into a 10MHz block and three 2MHz blocks,
then these could potentially be allocated by SMRA. This is a relatively simple
format to use and should deliver an efficient outcome, given that the main
aggregation risks have been eliminated through pre-packaging the spectrum.
Possibly, a sealed bid could also be used to assign such blocks, so as to
encourage competition for the 2MHz blocks. However, this would not be
appropriate if it was considered likely that some bidders would want to bid for
more than one block.
If the spectrum is instead sold in eight 2MHz blocks, then an SMRA would not
be appropriate.
The only format that could satisfactorily address the
aggregation risks faced by a potential new entrant seeking 10MHz is a
combinatorial format. A combinatorial format could be run using multiple
rounds or by sealed bid. A multi-round format should produce the efficient
result in the absence of anticompetitive behaviour. However, given that
there are concerns about entry and anticompetitive bidding, a sealed bid
format may be more effective in encouraging entrants to compete against
incumbents.
Unlike with the regional auction described in Scenario C, running a
combinatorial auction in this case should be quite straightforward. There are
only eight blocks and these can be sold in abstract form, as they have
approximately equal value regardless of actual frequencies.
Thus,
combinatorial bids can be expressed simply in terms of numbers of blocks
rather than specific combinations of distinct lots. The only complication is
that once the auction is concluded, the PTS would need to a methodology for
converting abstract rights into actual frequencies. Given the need to grant
contiguous spectrum to bidders winning multiple blocks, it may be necessary
to do this administratively rather than through a market contest. Clear rules
on this process would need to be established prior to the auction.
Given that all the spectrum has a similar value, this can probably be done by
auctioning abstract blocks of spectrum. The PTS would probably have to take
on the role of translating the abstract blocks.

56

Although conceivably this could be addressed by small bidders bidding together
and/or dividing up the spectrum into smaller blocks on the secondary market.
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Pros

Cons

SMRA (with one 10MHz and three 2MHz blocks)
-

Established auction format.
Relatively low cost and rapid
process possible (using auction
software and remote bidding)

-

Increases likelihood of major new
entrant which will compete with
incumbents (especially if 10MHz
licence is reserved)

-

Creating a 10MHz licence
discriminates against bidders
seeking smaller blocks

-

New entrants seeking small
blocks particularly disadvantaged
and may not compete

-

Outcome may not be efficient

Multiple-round combinatorial auction (with eight 2MHz blocks)
-

Allows bidders to address all
aggregation risks

-

Should produce most efficient
outcome, provided incumbent bids
do not have anticompetitive
motivations

-

Not particularly complicated for
bidders, provided abstract blocks
are used

-

Format is untested for spectrum
auctions (but should not be
particularly complex)

-

Incumbents may ‘coordinate’ to
outbid potential entrants for
anticompetitive reasons

-

Potential entrants may be
deterred from entering if
incumbents are perceived as too
strong

-

Use of abstract blocks means
regulator not market may have to
decide final assignment

Sealed bid combinatorial auction (with eight 2MHz blocks)
-

Allows bidders to address all
aggregation risks

-

Sealed bid should encourage
potential new entrants to
participate (reducing risk that
incumbents can buy spectrum
‘cheaply’)

-

15.4

-

Bidders with highest values may
not win licences, as they may
underestimate required bid

-

Outcome may not be as efficient
as multi-round combinatorial
auction

-

Identical blocks may sell for
different prices (although could
be prevented by using a marginal
price format)

-

Use of abstract blocks means
regulator not market may have to
decide final assignment

Relatively simple process for
auctioneer and bidders, provided
abstract blocks are used

Conclusion
This type of auction, involving additional spectrum suitable both for
incumbent operators and potential new entrants, may become more common
in the future. Strong asymmetries between bidders and wide variation in
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their demand for spectrum create particular difficulties for auction design.
The possibility of incumbents having anticompetitive motivations for bidding
is particularly problematic. In some cases, the only way of preventing such
bids may be to exclude incumbents or restrict their bidding rights.
Where spectrum can be packaged into abstract blocks and bidders have
uneven demand for those blocks, the combinatorial format is potentially very
attractive. The limited number and simple nature of the combinations makes
this type of auction relatively easy to run for both the auctioneer and bidders.
Thus, the common objection to combinatorial auction formats that they are
too complex falls away.
Multiple-round auctions should normally produce the most efficient outcome.
It is also much harder for incumbents to block entry than in an SMRA, as they
must outbid an entrant for all its spectrum, rather than a sufficient amount to
block entry. Nevertheless, it is still possible for incumbents to simply outbid
entrants over multiple rounds, which may discourage entrant participation.
Where entry is a significant concern, a sealed bid combinatorial auction may
be advantageous. In this case, it is much harder for incumbents to judge the
level of bid necessary to beat an entrant. Further, it is difficult for them to
coordinate their demand with other incumbents, making anticompetitive
behaviour difficult to enforce.
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Part D:
Recommendations
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Recommendations
In the section, we outline our recommendations to the PTS, based on our
analysis in the first three parts of the report.

16.1

Core recommendation
PTS should normally favour auctions over comparative selection
(beauty contests) for assigning scarce spectrum. If well designed,
auctions typically produce more efficient outcomes, are more
transparent, and are less vulnerable to legal challenge and allegations
of unfairness.
To use an administrative selection process in preference to an auction,
there needs to be an expectation of market failure or overriding public
policy objectives that cannot be achieved through a combination of an
auction and other policy instruments.

16.2

General recommendations
Packaging licences
The packaging of licences will have a big impact on auction outcomes,
affecting the business case of bidders, and potentially encouraging or
discouraging participation in the auction. When making decisions about
packaging, the PTS should consider:
1. the impact of national versus regional licensing;
2. the size and number of competitors
3. the impact of attaching roll-out and other obligations on licences
4. the need for and impact of any restrictions on incumbents
In certain situations, it may be possible to use auctions to determine
some parameters of licence packaging, such as the amount of spectrum
or geographical scope. However, care must be taken not to introduce
aggregation risks for bidders and/or create incentives for anticompetitive
bidding (e.g. incumbents seeking to block entry).
Designing auctions
Understanding the level of demand is an essential element in auction
design, which is often overlooked. Many of the perceived failures
amongst European 3G auctions can be attributed to a failure to tailor
auction design to local demand conditions. Ideally, a market evaluation
exercise should be conducted before deciding on the auction design.
Changes in market conditions can have a big impact on the outcome of
auctions, as they affect the number of bidders and the strength of their
business cases. It may be necessary to have contingency plans for
altering auction formats and rules in response to changes in market
circumstances (e.g. few participants or consolidation).
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Auctions rely on competition to produce an efficient outcome. In some
circumstances, they may be vulnerable to pre-auction consolidation and
attempts by bidders to ‘fix’ demand. Robust rules are required to
minimise the risk of collusion before or during auctions. Auction rules
can also be designed to reduce incentives for collusion.
If there are significant asymmetries between bidders (e.g. between
incumbents and potential entrants), this may deter potential entrants
from bidding. Auction design can be used to encourage entrants to
participate and ensure that advantages are not magnified.
Where there are multiple spectrum licences available, then are often
substitutes or complements. In order to facilitate an efficient outcome,
bidders should ideally be able to switch between substitute licences on
the basis of relative price and make bids that reflect the value of any
synergies between licences.
Auction formats
An ascending bid auction format, such as a Simultaneous Multi Round
Auction (SMRA), is the default design for spectrum auctions.
SMRAs should normally deliver an efficient auction outcome. They are
well tested in practice, and are flexible. SMRAs can vary from relatively
simple processes to complex designs, depending on the exact rules.
Where there is concern about weak demand and/or large asymmetries
between bidders, an SMRA may deter entry and result in an
uncompetitive auction. In this case, using either a single-round sealed
bid or Anglo-Dutch hybrid auction may produce a more competitive
auction and thus a more attractive outcome.
Combinatorial bidding can improve the efficiency of either an SMRA or
single round, sealed bid, where there are strong synergies among
licences for some bidders, and the pattern of those synergies varies for
different bidders. However, combinatorial auctions with large numbers
of licences may be complex for bidders to understand.
It is possible to combine auctions and elements of comparative selection
mechanisms. However, such hybrids are only likely to have application
in very specific circumstances; typically, any benefits will be offset by
additional complexity for bidders, concern about use of arbitrary criteria
and loss of transparency.
Detailed auction rules
Getting the detailed auction rules right is just as important as picking the
appropriate format. These need not be long or particularly complicated
but their impact on bidder behaviour must be carefully thought through.
Detailed rules are highly case specific. Recommendations on such rules
can only be made on the basis of detailed analysis of a specific
assignment.
All auctions are ex-post transparent, which is a strong advantage over
beauty contests.
Spectrum auctions can also be designed to be
transparent throughout the bidding process; however, the way that
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information is released during the auction is a design feature and may
vary depending on case specific circumstances.
An auction format (other than the most simple) should be thoroughly
tested using simulations prior to deployment.
Auction execution
The PTS should actively market licences in advance of an auction, with
the aim of encouraging participation in the auction.
Bespoke auction software and remote bidding can be used to reduce
costs for bidders and improve the efficiency and transparency of auction.
They can also be used to facilitate relatively complex auction formats,
such as auctions with many regional licences or combinatorial formats.
There is no reason why logistics should constrain the choice of auction
format.
It is very important that the authorities establish a clear legal framework
for the auction and stick exactly to the rules that they lay out. Rules in
relation to bidder association and consolidation are particularly
important.
There should be clear rules addressing the possibility of licence default
and what to do with unsold licences.
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