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The 2.6GHz frequency band is part of a family of spectrum bands identified 
worldwide for deployment of mobile services.  Since 2007, nine European 
regulators and one Asian regulator have announced detailed plans to auction 
2.6GHz spectrum; and seven of these auctions are now complete.  This discussion 
paper surveys the packaging and auction design decisions made by these 
regulators, and compares the outcomes of completed auctions. 

In principle, the 2.6GHz band provides an opportunity to test the concept of 
spectrum liberalisation, with two competing technologies: LTE (using paired 
spectrum) and WiMAX (using unpaired spectrum).  However, the decline in 
market sentiment towards WiMAX has weakened the case for flexible band plans 
that allow the market to determine how frequencies are allocated across these 
technologies. 

There have been significant differences in the prices achieved for paired 
spectrum in the seven auctions completed so far.  We argue that the primary 
cause of price variation is modest but significant differences in the level and 
structure of demand across countries.  Moreover, in many cases, there is evidence 
that regulatory decisions on spectrum packaging and auction design have had an 
impact on demand and bidder behaviour.  For example, there is evidence that 
the combinatorial clock auction format may be less vulnerable to demand 
reduction than conventional SMRA auction formats. 

                                                               
1 Richard Marsden is a Director at DotEcon.  He has advised the Danish, Dutch and UK governments on the 
design of 2.6GHz awards, and supported a bidder in the Finnish 2.6GHz auction. 
2 Eimear Sexton is a Senior Consultant at DotEcon Limited.  She was project manager for the DotEcon 
team advising Agentschap Telecom on implementation of the Netherlands 2.6GHz auction. 
3 Arisa Siong is a Senior Consultant at DotEcon Limited.  She manages DotEcon’s database of spectrum 
awards that tracks auction outcomes worldwide. 
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1 Introduction 

The 2.6GHz frequency band is part of a family of bands identified worldwide for 
deployment of mobile services.  Also known as the 2.5GHz band or 3G expansion 
band, it includes 190MHz of spectrum from 2500-2690MHz.  Almost uniquely, these 
same frequencies (with modest local variations) are potentially available for mobile 
services in all regions of the world.  

The band could be used to deliver a variety of services, including wireless broadband, 
via phones or data cards, and mobile TV, using a variety of technologies.  In particular, 
there are two main candidate uses: 

• LTE, a cellular mobile technology that uses paired (FDD) spectrum; and 

• WiMAX, another broadband technology that uses unpaired (TDD) 
spectrum. 

Both of these technologies can and are being deployed in other spectrum bands 
worldwide.  Amongst bands identified for mobile services, the 2.6GHz band is located 
at relatively high frequencies, meaning that signals travel for shorter distances.  For 
this reason, it would most likely be used to provide capacity for high-speed broadband 
connectivity in urban areas.  LTE systems are designed to be deployed within the 
2.6GHz band using paired spectrum with 120MHz duplex spacing.  By contrast, WiMAX 
is designed to work anywhere in the band but requires at least 5MHz frequency 
separation from any other use (including LTE and other WiMAX users) so as to avoid 
undesirable interference. 

The ITU has proposed three possible options for use of the spectrum, as illustrated in 
Figure 1: 

• Option 1:  Two paired blocks of 70MHz each for FDD, with a 50MHz 
centre band for TDD. 

• Option 2:  Two paired blocks of 70MHz each for FDD, with a 50MHz 
centre band for FDD downlink linked to an external band. 

• Option 3:  Flexible allocation between FDD and TDD. 
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Figure 1: ITU options for allocation of the 2.6GHz band 

 
 

To date, regulators have focused primarily on Options 1 and 3.  Option 2 can largely be 
disregarded, as there is scant evidence of demand from operators to use the centre 
band for FDD downlink.  This is unlikely to change in the foreseeable future, as 
equipment manufacturers are prioritising deployment of LTE using the paired 
spectrum within the 2.6GHz band.  It should be noted that Option 1 is a specific 
outcome possible under Option 3.  Therefore, as we explain in this paper, depending 
on the award mechanism, adoption of Option 3 does not preclude an Option 1 
outcome. 

Within Europe, the CEPT has proposed a band plan consistent with ITU option 1, i.e. 
2x70MHz of paired spectrum (2500-2570MHz paired with 2620-2690MHz); and a 
50MHz unpaired centre band (2570-2620MHz).  This supports the maximum 
deployment of LTE with a fixed 120MHz duplex split.  European countries are not 
obliged to follow the CEPT plan.  Indeed, under European Union policy, they are 
supposed to take a technology-neutral approach towards competing TDD and FDD 
systems. 

In this paper, we compare the approaches taken by regulators towards allocation and 
assignment of the 2.6GHz band, and review the results of the auctions that have been 
completed so far.  Since 2007, nine European regulators and one Asian regulator have 
announced detailed plans for their awards, and many have now completed their 
awards.  There has already been considerable divergence in approaches. 

Section 2 describes the different approaches to spectrum packaging taken by 
regulators.  Some of the first European countries to develop auctions of 2.6GHz 
frequencies opted for ‘technology neutral’ approaches that encouraged aspiring LTE 
and WiMAX users to compete directly for the same spectrum (variations of ITU option 
3).  These designs were formulated at a time when the relative demand for paired and 
unpaired spectrum was uncertain.  However, more recent designs have tended to 
favour fixed band plans, which are only nominally technology neutral, consistent with 
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ITU Option 1 and the CEPT plan.  The shift towards a more conservative allocation 
approach appears to be driven by a perception that LTE use is likely to generate higher 
value than WiMAX, and by concerns about interference coordination at national 
boundaries.  Recent auction results appear to support this view. 

In Section 3, we compare the different auction formats and rules chosen by regulators 
for the award of the 2.6GHz band.  All the regulators have opted for open (multiple 
round) auction formats, but some are using new package bid auction formats, while 
others have preferred variations of the more standard simultaneous multiple-round 
auction format (SMRA). 

In Section 4, we look at the auction results from recent 2.6GHz awards in Europe and in 
Hong Kong.  Differences in price appear primarily linked to local levels of competition 
within the auctions.  There is insufficient information to make a judgement on whether 
particular design choices have made a positive or negative impact on the efficiency of 
the final assignments.  However, there is evidence that design choices in relation to 
packaging, auction rules and reserve prices may have affected participation decisions 
and bidding behaviour, and thus price outcomes. 

Section 5 provides a summary of our findings.  We observe that the trend away from a 
truly technology neutral approach appears to be driven primarily by pragmatic 
reasons.  At the margins, the preference for fixed band plans may weaken competition 
but this no longer appears to be a critical issue, owing to the decline in market 
sentiment towards technologies using unpaired spectrum relative to LTE use of paired 
spectrum.  Of greater interest is the role of regulatory decisions on packaging and 
auction design in affecting participation and bidder behaviour, and the significant 
impact this can have on price outcomes in situations where there is only modest 
competition. 

The Annex provides a summary table comparing the main features of all ten 2.6GHz 
auctions. 

 

2 Spectrum packaging in the 2.6GHz band 

In this section, we compare the approaches adopted by regulators for the packaging 
of spectrum into lots in the 2.6GHz band.  We begin with a discussion of the main 
choices available to regulators when designing lots for an auction of 2.6GHz spectrum, 
and then proceed to compare the approaches adopted by ten countries that have 
announced their award plans to date. 

Our survey reveals significant differences in decisions about the structure of band 
plans, the number and size of lots, and approaches to managing interference.  This 
divergence is perhaps surprising given that regulators may be expected to have similar 
objectives – maximising long-run value for society – and, in most cases, the available 
spectrum is identical.  It apparently reflects differences in regulatory approaches to 
liberalisation and differences in perceptions of market demand for WiMAX versus LTE.  
In addition, the reluctance of some countries to move away from the standard SMRA 
format may have prevented them from using smaller lots owing to concern about 
introducing aggregation risk for bidders. 
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2.1 Key choices in packaging 

When designing lots for an auction of 2.6GHz spectrum, regulators face four main 
decisions: 

• whether to make an administrative decision on allocation of spectrum to 
FDD and TDD, or devolve this to the market; 

• if relevant, how much spectrum to allocate to FDD and to TDD 
respectively; 

• the size of lots available in the auction; and 

• how to adapt packaging to minimise uncertainty for bidders over the 
future interference environment. 

To answer these questions, the regulator ideally requires a reasonable understanding 
of candidate technologies, and the potential level of demand and value creation 
associated with their deployment.  At a minimum, the regulator requires information 
about the amount of spectrum required to deploy a service, and the compatibility of 
candidate technologies, both with each other and with uses in adjacent bands. 

For the 2.6GHz band, there is a long list of possible candidate uses, including various 
mobile technologies (UMTS, HSPA, LTE), WiMAX, mobile TV (MBMS) and wireless video 
cameras.  However, amongst these, only LTE and WiMAX stand out as prime 
candidates for this band, on the basis of value creation potential. 

These two uses have very different spectrum requirements: 

• Within the 2.6GHz band, LTE ideally requires 2x5MHz carriers with 
120MHz duplex spacing, as defined in ITU option 1.  Multiple contiguous 
blocks – between two and four – are preferred, as this will allow for 
higher speed mobile broadband.  LTE users can occupy frequencies 
immediately adjacent to each other without onerous coordination 
requirements, but they require at least 5MHz separation from medium or 
high power WiMAX use so as to avoid serious interference. 

• WiMAX is deployed using contiguous unpaired spectrum.  In principle, it 
could be deployed with as little as 5MHz of spectrum but in practice 
larger contiguous blocks (up to 50MHz) are preferred, as this can support 
higher speed mobile broadband.  To prevent serious interference to 
adjacent users, including other WiMAX users, at least 5MHz separation is 
required from other users. 

Thus, even if licences are defined on a technology neutral basis, the packaging 
structure and usage restrictions may in practice create formidable obstacles to 
particular technologies using certain frequencies. 

LTE and WiMAX have been subject to divergent shifts in market sentiment.  In recent 
years, LTE has consolidated its position as the preferred upgrade path for cellular 
mobile, and manufacturers have committed themselves to rolling out network 
equipment and handsets for LTE in the 2.6GHz band.  The 2.6GHz band has been 
identified as highly suitable for expanding capacity and offering high-speed services in 
densely populated urban areas, where limited signal propagation (relative to other, 
lower frequency, cellular bands) is not a problem.  By contrast, enthusiasm for 
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deploying WiMAX to provide wireless broadband in European markets has waned, not 
least because the technology has struggled to gain a foothold in the cellular market.  
WiMAX has, however, been widely deployed in emerging markets, notably in Asia, 
where fixed broadband availability is limited. 

In the following subsections, we discuss the four decisions that regulators must make 
on packaging in the context of this information about the requirements for LTE and 
WiMAX. 

2.1.1 Administrative or market allocation? 

The first decision that the regulator must make is how to manage the competing 
demands from different technologies for 2.6GHz spectrum.  Should it adopt a 
packaging regime that directs LTE or WiMAX to specific frequencies, or one that allows 
them to compete directly for the same spectrum? 

Historically, regulators have made administrative decisions on allocations that 
narrowly define the types of services and technologies that can be used in each 
frequency band.  This is true even for countries where decisions on assignment to 
individual users have been devolved to the market through an auction.  However, this 
approach raises concerns that regulators may pick the ‘wrong’ technologies, or that 
market conditions may change too quickly for regulators to respond by re-planning 
available spectrum.  In response, many regulators have (at least nominally) embraced a 
“technology and service neutral” approach to spectrum management.  In Europe, 
Article 9 of the EC Framework Directive has been amended to promote technology 
neutrality.  Furthermore, under the WAPECS initiative, agreed by European member 
state regulators, 2.6GHz is designated as a band suitable for access by mobile, portable 
or fixed wireless services on a technology and service neutral basis. 

In the 2.6GHz band, TDD users are unlikely to be willing to buy spectrum on a paired 
basis, as this is inconsistent with their preference for having a single contiguous block 
of unpaired spectrum and would require them to manage four boundaries with other 
users instead of two, which is wasteful of spectrum.  FDD users may be willing to buy 
unpaired blocks if they think they can pair them later, but they need some certainty 
that they can assemble pairs with 120MHz duplex spacing, and that these will not be 
rendered unusable by adjacent TDD use. 

Faced with these conflicting requirements, three very different approaches to 
packaging the 2.6GHz band have emerged amongst regulators: 

• Fixed band plans.  A number of regulators have reverted to the traditional 
approach of defining spectrum lots suitable for either FDD or TDD use, 
while nominally embracing technology neutrality.  This is the approach 
taken in Austria, Belgium, Denmark, Finland, Germany and Sweden, for 
example. 

• Flexible band plans with unpaired lots.  Norway adopted a ‘semi-flexible’ 
band plan, in which some spectrum suitable for FDD was sold as paired 
lots and some as unpaired lots, with potential for users to buy both parts 
of the pair. 

• Flexible band plans with fungible lots.  The Netherlands adopted a flexible 
band plan, in which participants may bid for either paired or unpaired 
lots.  At the end of the auction, the highest value allocation between TDD 
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and FDD is identified, and lots are allocated to a band plan that co-
locates similar users, so as to manage interference concerns.  

Which approach is best?  The fixed approach provides certainty for bidders and, as we 
explain below, makes auction design easier.  However, if the regulator picks the wrong 
split between TDD and FDD lots, an efficient market outcome will not be possible.  
Flexible band plans allow the market to determine the optimal outcome, and promote 
competition between all potential users.  However, potential efficiency and price 
benefits may be lost if bidders bid too cautiously because they are uncertain about the 
usability of available spectrum and the domestic interference environment (these 
concerns can be significantly reduced through auction design and appropriate 
definition of spectrum usage rights to protect neighbouring uses). 

A further complication is coordination of use with neighbouring countries.  Within 
Europe, any country that deploys TDD outside the centre band would be required not 
to cause undue interference to FDD technologies deployed at the same frequencies in 
neighbouring states.  As a result, a TDD user that won spectrum outside the centre 
band may be restricted in its ability to provide services in border areas.  How much this 
matters depends on geographic terrain and the location of major population centres. 

Ultimately, the regulator must make its own assessment based on its perception of 
local market conditions and, where relevant, expectations about the approaches taken 
by neighbouring countries.  If it has high certainty about relative demand for TDD and 
FDD, then a fixed approach should work.  If relative demand is uncertain, then a 
flexible approach may offer a better prospect of an efficient outcome, subject to any 
concerns about international coordination.  

2.1.2 How much spectrum for FDD and TDD? 

With a fixed band plan, it is necessary for the regulator to make an administrative 
decision on how much spectrum to allocate to FDD and how much to allocate to TDD.  
Such a decision is not required with a flexible band plan, as the relative allocation is 
determined in the market.  With a semi-flexible band plan, as in Norway, a decision is 
required on the minimum allocations to both TDD and FDD, with the remainder to be 
packaged in a way that is accessible to both uses. 

The ITU options in principle allow for all possible divisions of the spectrum between 
the two uses, with one extreme being 190MHz for TDD (and zero for FDD) and the 
other being 2x70MHz for FDD, plus 50MHz for FDD downlink paired with an external 
band.  Given the lack of demand for FDD downlink with an external uplink, we can 
discount this latter option.  Therefore, we can assume that the maximum FDD 
allocation is 2x70MHz and the minimum TDD allocation is 50MHz, as described in ITU 
Option 1 and the CEPT plan. 

In practice, all European regulators that have opted for the fixed route have chosen to 
adopt ITU Option 1, with the maximum 2x70MHz for FDD.  This is presumably based 
on the assumption that there is significantly higher value associated with LTE 
deployment than with WiMAX, and anticipated coordination benefits from adopting 
the same band plan as neighbouring countries.  To date, this view has largely been 
supported by auction outcomes across Europe, which revealed much stronger 
demand for paired spectrum than unpaired spectrum. 
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2.1.3 Size of lots in the auction 

One common feature of demand for spectrum for LTE and WiMAX is that both can be 
expressed in units of 5MHz, with the implication that 5MHz lots can be used as a base 
unit for supply.  In practice, we know that most (perhaps all) bidders are likely to want 
larger blocks of spectrum.  Some regulators have reacted to this by defining larger lots, 
while others have preferred to allow bidders to assemble there own licences by buying 
multiple smaller lots.  Using smaller lots creates flexibility for operators and facilitates a 
wider range of market outcomes, but may expose bidders to the risk of winning 
fragmented or unviable amounts of spectrum. 

For paired lots, three approaches can be identified: 

• Most countries have adopted 2x5MHz lots.  This gives bidders maximum 
flexibility to vary demand in response to price, but puts significant 
emphasis on auction design to help FDD bidders manage exposure risks. 

• In the UK, the Independent Spectrum Broker proposed 2x10MHz lots.  
This eases exposure risk, but precludes certain outcomes, such as a 
bidder winning 2x15MHz. 

• Hong Kong defined three 2x15MHz lots, which are de facto pre-packaged 
licences.  Exposure risk is eliminated but bidders lose flexibility to vary 
demand in response to price and the number of licences is known in 
advance.  Belgium has also indicated that it plans to follow the approach 
of defining larger paired lots that are de facto pre-packaged licences. 

For unpaired lots, there are two main approaches: 

• Some countries that have adopted fixed boundaries have opted for a 
single 50MHz TDD block.  This reflects concern that there may be 
insufficient spectrum for multiple TDD operators, especially given the 
restrictions on use at the boundaries between adjacent TDD users and 
between TDD and FDD users that are necessary to manage interference.  
The single block approach means that there can only be one TDD winner. 

• Most other countries have adopted 5MHz blocks.  This approach gives 
maximum flexibility for bidders to vary demand in response to price, and 
creates scope for multiple entry.  It is particularly attractive with flexible 
boundaries, as it promotes competition between all types of use.  Small 
lots may, however, introduce concerns about aggregation risk and/or 
fragmented assignment outcomes. 

The choice of lot size is closely linked to auction design.  With small lots, auction 
formats and rules that make it easier for bidders to aggregate complementary lots are 
required.  With larger lots, constrained packaging choices may reduce or eliminate 
concerns about aggregation risk, so simpler auction formats may be possible.  

2.1.4 Managing interference 

Packaging in the 2.6GHz band is complicated by the need to manage interference 
between adjacent users, both within and at the boundaries of the band.  The main 
challenges are associated with (a) ensuring adequate separation between a TDD user 
and adjacent users (of any type) and (b) protecting existing radioastronomy above 
2690MHz. 
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There are three main approaches to addressing these issues: 

• Some interference restrictions may be internalised within licences.  For 
example, in Sweden and Finland, there are power limits on emissions 
using the lowest and highest frequencies within the single 50MHz TDD 
block designed to protect adjacent FDD.  Similarly, in the Netherlands 
and Denmark, TDD licensees are required to set aside their lowest 5MHz 
lot for low power use only, so as to protect the adjacent user below their 
allocation. 

• Certain lots may be set aside for low power use only, and excluded from 
the initial bidding process.  For example, in the Netherlands, the highest 
5MHz lot is designated as a low power guard block so as to protect 
radioastronomy. 

• Winning bidders are required to negotiate their own interference 
agreements with adjacent users.  This may or may not be in addition to 
restrictions internalised within a licence.  In general, this approach only 
works if there is some form of default for what would happen if adjacent 
users cannot come to an agreement. 

Defining rules for interference management is most straightforward with fixed band 
plans and larger lots where the number of licences and their location in the band is 
known ex ante.  With flexible band plans and/or smaller lots, the rules need to be 
flexible to cope with a wide range of possible auction outcomes.  With smaller lots, it is 
possible that there may be users winning different amounts of spectrum, and those 
with smaller blocks will have a greater proportion of their frequencies potentially 
exposed to interference.  Even if negotiations between adjacent users are encouraged, 
some baseline protection for smaller users will be important to ensure such holdings 
are not devalued during the bidding phase. 

2.2 Approaches adopted by regulators 

In this section, we describe the different packaging approaches adopted by nine 
European regulators and by OFTA, the Hong Kong regulator.  These are presented 
roughly in the order that they developed their packaging proposals.  It is notable that 
some of the early regulators to announce award plans opted for a flexible, market-
determined band plan.  However, later adopters – such as Austria, Belgium, Denmark, 
Finland and Germany – have all opted for a fixed band plan consistent with ITU-Option 
1.  In addition, the UK has switched from a flexible band plan to a fixed one. 

For each country, we provide colour-coded band plans illustrating the lots available in 
the auction.  Frequencies packaged for FDD use are coloured blue, while frequencies 
packaged for TDD are coloured pink.  Spectrum lots that have been packaged for 
either FDD or TDD are coloured purple.  Yellow or green lots indicate lots that have 
been set aside as low-power ‘guard blocks’, which in some cases may be assigned to 
adjacent users on a restricted use basis. 

2.2.1 Norway (2007) 

Norway was the first European country to award spectrum in the 2.6GHz band.  The 
NPT faced uncertainty about the relative demand for paired and unpaired spectrum in 
the market, both owing to lack of benchmark auctions and because Norway had only 
two mobile network operators. 
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The NPT’s solution was a semi-flexible band plan as shown in Figure 2 with four 
categories of lots.4  The 10MHz unpaired B lots and 2x5MHz paired C lots follow the 
standard CEPT band plan.  However, the 10MHz D and E lots could potentially be 
bought for TDD use or paired for FDD use consistent with the CEPT plan.  This 
approach ensured there was adequate paired spectrum (2x40MHz) for two mobile 
operators, while allowing the market to determine whether further spectrum should 
be allocated to TDD or FDD. 

There were two further unusual features of the Norwegian approach.  Firstly, the 
country was divided into seven regions, with all lots available in each region.  In most 
European countries, such an approach might raise coordination concerns at regional 
boundaries, especially if different technologies may be being used in the same 
frequency lots.  However, coordination in Norway is eased by the country’s 
mountainous terrain.  Secondly, our understanding is that Norway chose not to define 
special rules for coordinating adjacent TDD and FDD use, with the implication that 
users should consider the worst case when deciding how much spectrum to buy in the 
auction. 

Figure 2: Semi-flexible band plan adopted in Norway 

 
 

2.2.2 Sweden (2008) 

Sweden’s PTS completed its auction of 2.6GHz spectrum in 2008.5  Unlike Norway, it 
adopted a fixed boundary approach consistent with the CEPT plan, as illustrated in 
Figure 3.  The 2x70MHz of FDD spectrum was divided into lots of 2x5MHz, with a single 
50MHz TDD lot.  All lots were nationwide. 

A key difference from Norway was that there were four 3G mobile operators, each 
expected to want up to 2x20MHz spectrum for LTE.  Therefore, there was presumably 
an expectation that FDD demand would exceed maximum supply, whereas demand 
for TDD spectrum was less certain. 

                                                               
4 More information about this award is available at http://www.npt.no. 
5 More information about this award is available at: 
http://www.pts.se/en-gb/Industry/Radio/Autctions/Licences%20in%202500-2690%20MHz/ 
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Figure 3: Fixed band plan adopted in Sweden and Finland 

 
 

2.2.3 Hong Kong (2008) 

In early 2009, Hong Kong held a combined Broadband Wireless Access auction for 
spectrum in the 2.3GHz and 2.6GHz frequencies.6  In the 2.6GHz auction, owing to 
previous allocations, only 105MHz spectrum was available, as illustrated in Figure 4.  
This was sold as three paired lots of 2x15MHz and 3 unpaired lots of 5MHz.  By pre-
packaging the FDD spectrum into licence-sized chunks, OFTA was able to avoid 
aggregation risk for bidders, albeit at the cost of preventing the market from testing 
other possible assignment outcomes (e.g. 2x10MHz or 2x20MHz licences).  Bidders for 
TDD spectrum were potentially exposed to aggregation risk, although there were only 
three such lots; in the actual auction, these lots did not attract any bids. 

Figure 4: Fixed band plan adopted in Hong Kong 

 
 

2.2.4 United Kingdom (forthcoming) 

The UK was one of the first European countries to begin work on the 2.6GHz award.  It 
originally produced proposals in 2007 for a flexible band plan award.7  However, the 
auction was delayed owing to legal disputes over refarming of 2G spectrum in other 
mobile bands.  Subsequently, as part of a possible solution to this dispute, the UK 
government has proposed to absorb the 2.6GHz award into a larger award of mobile 
spectrum in multiple bands, including 800MHz.8  As part of these proposals, the 

                                                               
6 More information about this award is available at: 
http://www.ofta.gov.hk/en/industry/broadband/main.html 
7 For a full description of the original proposals, see documents available at: 
http://www.ofcom.org.uk/radiocomms/spectrumawards/awardspending/award_2010/ 
8 BIS, ‘Digital Britain: The Final Report’, 16 June 2009; & BIS, ‘Digital Britain: A Consultation on a Direction to 
Ofcom to Implement the Wireless Radio Spectrum Modernisation Programme’, October 2009. 
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government accepted a recommendation from the Independent Spectrum Broker 
(ISB) to move from a flexible to a fixed band plan consistent with CEPT.9 

Ofcom’s original proposal is illustrated in Figure 5, and was based on the principle that 
the auction should provide a level playing field for alternative technologies.  The key 
feature of this approach is that the market determines the split between paired and 
unpaired spectrum.  The centre band is divided into 5MHz lots, whereas the upper and 
lower bands can be packaged either as 5MHz lots or 2x5MHz lots with 120MHz duplex 
spacing, depending on demand.  Bidders may bid either for paired or for unpaired lots.  
In the event that winning bids for unpaired lots exceeds that available in the centre 
band, the boundary between the lower band and centre band is shifted down; this 
also has the effect of creating additional unpaired spectrum at the top of the band.  
This approach is facilitated by the use of ‘generic’ lots and a package bid auction 
format, which ensures that similar uses are co-located and that bidders are guaranteed 
contiguous spectrum. 

The UK also developed an innovative approach for providing certainty to users over 
the interference environment.  This approach has subsequently been adopted in the 
Netherlands, Denmark and Austria.  Lot 24, at the top of the TDD centre band, is de 
facto established as a low-power guard block, to separate TDD in lot 23 from FDD 
downlink in lot 25.  In addition, the lowest frequency lot won by a TDD bidder is 
subject to low power restrictions, so as to protect the users (who may be TDD or FDD) 
in adjacent spectrum below.  This approach ensures that there is always adequate 
separation between adjacent users, regardless of technology.  In the unlikely case of 
no demand for FDD, the restriction on lot 24 is not required and it can be allocated as a 
normal TDD lot. 

The new UK plan, which was devised by the ISB rather than Ofcom, is illustrated in 
Figure 6; this may be subject to further review.  It uses a fixed band plan with 2x10MHz 
paired lots and 5MHz unpaired lots (although the alternative of a single 50MHz TDD lot 
has not been ruled out).  The ISB does not elaborate on the reasons for these changes; 
they were proposed in the broader context of the UK Government’s Digital Britain 
review, which aims to promote high-speed broadband access.  The shift from 2x5MHz 
to 2x10MHz lots presumably reflects a desire to promote auction outcomes with 
operators being assured larger contiguous blocks suitable for deploying high-speed 
networks.  However, it is unclear why this is necessary given the ISB’s presumption that 
a package bid auction would be used. 

Figure 5:  Flexible band plan originally adopted in United Kingdom 

 

                                                               
9 Report from the Independent Spectrum Broker: findings and policy proposals, Final Report, 12 May 2009. 
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Figure 6:  Fixed band plan now proposed for United Kingdom 

 
 

2.2.5 Netherlands (April 2010) 

The design of the Dutch 2.6GHz auction10, which took place in April 2010, borrowed 
significantly from the original UK flexible band plan.  There was only one significant 
deviation: lot 38 was set aside as a low-power guard block, so as to protect 
radioastronomy above 2690MHz.  This has the effect of reducing the maximum supply 
of FDD spectrum from 2x70MHz to 2x65MHz and increasing the minimum TDD 
allocation from 50MHz to 55MHz. 

As in the United Kingdom, the prime motivation for adopting a flexible band plan was 
the desire for a technology neutral auction.  Subsequently, in response to a motion in 
the Dutch parliament, the Ministry made a decision to restrict access to spectrum for 
incumbent mobile operators, according to their spectrum holdings in a number of 
other bands.11  The auction design was not changed following this decision. 

Figure 7:  Flexible band plan adopted in the Netherlands 

 
 

2.2.6 Finland (2009) 

The Finnish auction of 2.6GHz spectrum took place in late 2009.12  Finland adopted the 
same band plan as that used in Sweden, as illustrated in Figure 3 (i.e. fixed boundaries, 
14 paired lots of 2x5MHz lots and a single 50MHz TDD lot). 

                                                               
10 More information about this award is available at: 
http://www.agentschap-telecom.nl/english/companies/auction2.6GHz/Pages/default.aspx 
11 http://www.agentschap-
telecom.nl/english/companies/auction2.6GHz/Pages/Policyonawardofthe26GHzband.aspx 
12 More information about this award is available at: 
http://www.ficora.fi/en/index/palvelut/palvelutaiheittain/radiotaajuudet/huutokauppa.html 
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2.2.7 Denmark (May 2010) 

The Danish regulator, NITA, completed its 2.6GHz auction in May 2010.13  Like 
neighbouring Sweden and Germany, NITA adopted a fixed band plan based on the 
CEPT plan, as shown in Figure 8.  NITA did actively consider using a flexible band plan 
but ultimately decided that this approach did not offer sufficient benefit.14  For 
Denmark, the fixed approach has the practical advantage that it matches neighbours 
Germany and Sweden, thus avoiding any uncertainty about coordination in border 
areas (including the capital city, Copenhagen).  Further, like Sweden, Denmark has four 
incumbent mobile operators, so it was reasonable to expect that there would be 
demand for at least 2x70MHz FDD. 

One significant difference from Sweden is that Denmark decided to sell TDD spectrum 
in 5MHz lots.  This was possible because of the decision to use a combinatorial clock 
auction format with generic lots, rather than an SMRA as used in Sweden.  As we 
explain in section 3, using package bidding eliminates exposure risk, so it is possible to 
allow a range of outcomes without exposing a bidder for the entire centre band to the 
risk of acquiring an unwanted subset of its demand.  The approach for ensuring 
adequate separation between TDD users and between TDD and FDD users was the 
same as the original UK proposals, albeit in the context of a fixed band plan. 

Figure 8: Fixed band plan adopted in Denmark 

 
 

2.2.8 Germany (May 2010) 

Germany auctioned its 2.6GHz spectrum in April-May 2010, as part of a larger auction 
incorporating 800MHz and other mobile bands.15  For 2.6GHz, it used a fixed band 
plan similar to that proposed in Denmark, with lots sold on a generic basis.  However, it 
did this using a variant of the standard SMRA format, rather than allowing package 
bidding (see Section 3.1). 

Germany’s approach to managing interference between FDD and TDD users is also 
rather different from the approach adopted by other countries.  TDD users are 

                                                               
13 More information about this award is available at: 
http://en.itst.dk/copy_of_frequencies/licences/Auctions-and-calls-for-tenders/2-5-ghz 
14 The choice between a fixed and flexible band plan approach was presented to stakeholders by 
DotEcon, on behalf of the NITA, at an industry workshop on 2 March 2009. 
15 More information about this award is available at: 
http://www.bundesnetzagentur.de/enid/Frequency_Management/Frequency_award_5y5.html 
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expected to refrain from causing harmful interference to FDD users, but there are no 
restrictions tied to specific lots.  On this basis, it appears that a user that bought all ten 
TDD lots would effectively have to adopt TDD1 and TDD10 as de facto guard blocks.  
However, had a user bought only eight lots, it might have been able to escape any 
restrictions provided (as seems likely) the other two TDD lots went unsold. 

Figure 9: Fixed band plan adopted in Germany 

 
 

2.2.9 Austria (forthcoming) 

Austria has announced plans to auction its 2.6GHz spectrum in late 2010.16  It has 
adopted the same fixed band plan (see Figure 8) and auction design as that used in 
Denmark. 

2.2.10 Belgium (forthcoming) 

The Belgian regulator, BIPT, intends to adopt a very different approach to packaging 
the 2.6GHz paired frequencies than other European regulators, according to 
preliminary documents that it has published.17  Its core band plan, illustrated in Figure 
10, has four main blocks of 2x15MHz.  In addition, there are two 2x5MHz blocks at the 
ends of the paired bands.  There is also a contingency in the case of deficient demand 
(three or less bidders) to sell up to three 2x20MHz blocks, as illustrated in Figure 11.  In 
either case, the BIPT is minded to impose a spectrum cap per bidder within the paired 
spectrum of 2x20MHz.  This cap does not extend to the unpaired spectrum, which is 
available as a single block. 

This approach potentially provides predictable outcomes in terms of the number and 
position of winning bidders.  However, unlike other European approaches, the size of 
the licences is determined by the government, not the bidders.  It is also unclear what 
might happen to the two small end lots.  In the case of the band plan for four or more 
bidders, there is a natural fit with the adjacent larger blocks.  However, as a standard 

                                                               
16 More information about this award is available at: 
http://www.rtr.at/en/tk/Spektrum2600MHz 
17 See: ‘Consultation du conseil de l’ibpt a la demande du cabinet du ministre pour l’entreprise et la 
simplification du 23 septembre 2008 concernant le projet d’arrêté royal concernant l’accès radioélectrique 
dans la bande de fréquences 2500-2690 MHz’ available on the BIPT website: 
http://www.bipt.be/GetDocument.aspx?forObjectID=3204&lang=fr. 
And the ITT document (2010): ‘Cahier des charges mission de consultance en matière d’assitance pour 
l’organisation de la vente aux enchères des bandes de fréquences 1950,1-1964,9 MHz et 2140,1-2154,9 
MHz et pour l’organisation de la vente aux enchères de la bande de fréquences 2500-2690MHz’. 
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SMRA format is being used, bidders pursuing both may face aggregation risk (see 
section 3.1).  In the other band plan, the spectrum cap would prevent bidders pursuing 
larger blocks from buying these lots. 

Figure 10: Fixed band plan for Belgium (with four or more bidders) 

 

Figure 11: Fixed band plan for Belgium (with three or less bidders) 

 
 

3 Auction format and key rules 

3.1 Auction format 

To date, all countries that have sold 2.6GHz spectrum have chosen to adopt open, 
multiple round auction formats.  Open processes have presumably been favoured 
because they allow for price discovery, which is helpful for operators trying to acquire 
spectrum with potentially high value and facing common value uncertainty. 

The ten countries surveyed in this paper can be allocated to three groups according to 
their choice of auction format: 

• Simultaneous multi-round ascending auction (SMRA): Hong Kong; 
Germany; and Belgium. 

• SMRA with Switching: Norway; Sweden; and Finland. 

• Combinatorial clock auction (CCA): United Kingdom; Netherlands; 
Denmark; and Austria. 

The SMRA was the most common auction format used for the global wave of 3G 
auctions in the early 2000s.  In the standard implementation, bidders may submit bids 
for one or more specific frequency lots in each round of the auction, and a high bidder 
for each lot is identified.  The auction continues with rising prices for lots in excess 
demand until no new bids are forthcoming, at which point the remaining bidders win 
lots where they hold the high bid.  This format is widely known and relatively easy to 
implement.  However, in situations where bidders are attempting to aggregate 
multiple lots, they may be exposed to significant risks, in particular winning 
fragmented assignments or winning unwanted subsets of their demand.  The format is 
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also vulnerable to gaming behaviour, as – depending on the packaging structure - 
bidders may be able to exploit the exposure of rival bidders.18 

Hong Kong adopted the standard SMRA auction format for their 2.6GHz awards, with 
bidders bidding on lots that corresponded to specific frequencies.  This appears to be 
a pragmatic decision to stick with a familiar and relatively easy format.  The limited 
number of lots available and the decision to pre-package FDD lots into 2x15MHz 
blocks meant that exposure risks were not a significant concern. 

Amongst European regulators, Belgium and Germany are the only countries so far to 
favour the SMRA format.  In Belgium, the BIPT appears set to adopt a standard version 
of the SMRA format19, which is similar to the rules it developed for its abortive 2001 3G 
auction20.  This approach is possible owing to its decision to pre-package most of the 
available spectrum into larger lots that do not need to be aggregated.  However, there 
are complications.  Firstly, the BIPT apparently intends to sell the end 2x5MHz lots 
separately; these are a natural fit with the adjacent 2x15MHz lots.  However, a bidder 
that pursues both is potentially vulnerable to being stranded on a 2x5MHz lot, which 
may have little value by itself.  Secondly, to guard against the possibility of low 
demand, there is an alternative contingency band plan that allows for 2x20MHz FDD 
blocks instead of 2x15MHz blocks.  However, this is based on the number of bidders, 
rather than the relative value that bidders may place on 2x20MHz versus 2x15MHz. 

In Germany, BNetzA deviated from the standard SMRA rules, presumably to ease 
exposure concerns.  As with its 3G auction in 2000, it sold lots on a ‘generic’ basis.  This 
has the effect of mitigating exposure to fragmented assignments, as the regulator can 
intervene later to ensure winning bidders receive contiguous assignments.  However, 
bidders are still exposed to the risk of winning unwanted subsets of their demand.  
This problem is partly eased by a new rule allowing bidders to exit the auction without 
penalty if their demand falls below a pre-stated threshold.  In the actual auction, this 
rule was not utilised, but under alternative demand conditions, this change might 
have been exploited for gaming purposes and/or led to lots going unsold 
unnecessarily (though may then be offered in a second stage), especially when 
compared with a CCA auction format. 

In Norway, the NPT has developed an alternative SMRA design known as the SMRA 
with switching.21  This approach gives bidders increased freedom to withdraw from 
bid commitments, provided that they make corresponding new bids on equivalent 
spectrum.  The switching rules greatly reduce aggregation risk for bidders seeking to 
aggregate lots on a contiguous frequency basis, which matters greatly when using 
small lots in the 2.6GHz band.  However, bidders are still somewhat exposed to the risk 
of winning unwanted subsets of their demand and – as with the standard SMRA – 

                                                               
18 See, for example: J Bulow, J Levin and P Milgrom, February 2009, Winning Play in Spectrum Auctions, 
March 2009, NBER Working Paper No. w14765. 
19 According to a consultation document released in 2008. See footnote 17. 
20 This auction was not required, as demand for 3G licences was below supply. 
21 DotEcon advised NPT on the original rules for this format when it was first used for the Norwegian 
3.5GHz award in 2004.   
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there are potential incentives for gaming behaviour.  The format was subsequently 
adopted by Sweden and Finland for their 2.6GHz auctions, albeit with local variations 
in detailed auction rules. 

The combinatorial clock auction was developed for Ofcom22 as a practical 
implementation of an open auction with package bidding.23  It is an adaptation of the 
clock auction format rather than the standard SMRA, and requires bidders to make just 
one package bid each round during an open bidding phase, which is then followed by 
a sealed bid ‘supplementary’ round.  The open phase is intended to allow price 
discovery, while the final round sealed bid gives bidders the opportunity to express a 
wide range of preferences across packages. 

As bidders bid for a package of lots in each round, aggregation risks are eliminated.  It 
is no longer possible to win an unwanted subset of demand.  Further, with generic 
lots, the follow-up assignment process can be designed to guarantee contiguous 
assignments for winning bidders.  The elimination of exposure risks also has the effect 
of reducing scope for gaming behaviour.  In the context of the 2.6GHz band, package 
bidding is also very straightforward, as packages will typically consist simply of an 
amount of TDD lots or an amount of FDD lots.  Although package bidding can be 
adapted to allow for bids across both types of lots and/or for lots in other bands 
included in the same auction (e.g. 2010-2025MHz), most bidders are unlikely to have 
demand for more than one category. 

The CCA format can be used for either fixed band plans (as in Austria and Denmark) or 
for flexible band plans (as proposed in the Netherlands and the original UK plan).  With 
a flexible band plan and generic lots, a further advantage is that the final allocation of 
FDD and TDD lots can be configured to avoid fragmented assignments and thus 
minimise the number of boundaries between technologies that would require 
frequency separation to manage interference.  This has obvious advantages when 
compared to the semi-flexible band plan used in Norway, where the SMRA with 
switching format potentially exposed bidders to outcomes where TDD and FDD 
winners were fragmented across the D and E blocks. 

Overall, the CCA offers significant efficiency benefits relative to SMRA formats.  
However, there are other issues that must be considered when adopting this format.  
Firstly, as the CCA is usually implemented with a so-called ‘second price rule’, in which 
bidders pay a price based on the opportunity cost of denying their rivals, there is a 
possibility that final prices could be significantly lower than bids.  In low demand 
situations, marginal bidders may also have some predictable ability to influence the 
amounts paid by other bidders.  Secondly, if a bidder is budget constrained, their bids 
for smaller amounts of spectrum may crowd out bids for larger packages.  More 
generally, few bidders have experience of package bidding, so ensuring that 
participants have an opportunity to familiarise themselves with the format is an 
important part of the auction process. 

                                                               
22 DotEcon was the lead advisor on auction design, and developed the detailed rules for the CCA format. 
23 For more information about the CCA format, see: D Maldoom & R Marsden, Practical Implementation of 
Combinatorial Auctions, DotEcon Discussion Paper (2010 forthcoming). 



A survey of 2.6GHz spectrum awards 19 

June 2010  

In summary, regulators have a choice of possible auction formats for the 2.6GHz 
award.  The standard SMRA may be acceptable but has known drawbacks with respect 
to exposure risk and gaming behaviour, which are particularly relevant for this band if 
lots are packaged into small units that need to be aggregated.  Adaptations of the 
standard SMRA, such as the SMRA with switching, can ease but not eliminate these 
problems.  The CCA is a realistic alternative approach that eliminates exposure risk, 
thus increasing the likelihood of an efficient outcome.  It also makes it possible to 
implement flexible band plans without risk of fragmented assignments to LTE and 
WiMAX users; however, given declining market interest in WiMAX, the benefits of this 
approach may no longer be significant. 

3.2 Key rules 

Even though many countries are using the same auction formats, there is considerable 
variety in the detailed implementation of auction rules.  Decisions on key rules can 
have a big impact on the behaviour of bidders, and thus on the auction outcome.  
Here, we focus on four types of auction rule that may act as key determinants of 
auction outcomes: 

• auction caps; 

• reserve prices; 

• activity rules and prices; and 

• transparency. 

3.2.1 Auction caps 

Auction caps are used to limit the amount of spectrum that any particular bidder can 
acquire in an auction, and thus promote outcomes with multiple winners.  Caps may 
be imposed symmetrically on all bidders, or asymmetrically, with incumbent operators 
subject to lower caps that take account of their existing spectrum holdings. These 
existing holdings may be expressed in terms of spectrum endowment or eligibility 
points; the latter provides a common currency for weighting different lots in an 
auction. 

In the 2.6GHz band, the amount of spectrum available significantly exceeds the 
amount any one operator might reasonably require in order to operate a service.  In 
total, there is 190MHz available, whereas a WiMAX user probably needs no more than 
50MHz and an LTE user is unlikely to need more than 2x20MHz.  Therefore, there is a 
case for setting general caps at or above these levels as a precautionary measure to 
prevent grossly uncompetitive assignment outcomes.  By contrast, any caps below 
these levels would need to have a clear competition rationale, as they would 
potentially be preventing bidders from acquiring the spectrum they want for plausible 
business cases. 

Table 1 provides a summary of the caps used or proposed by regulators for the 2.6GHz 
auctions.  They reveal a mix of approaches.  Norway and Germany have not imposed 
any caps, while in Sweden and the original UK proposals, the caps were set at very 
high levels.  By contrast, Finland, Denmark and the UK (revised proposals) have chosen 
to set caps in the 40-65MHz range.  A key difference between these two groups is that 
in the former, it would be possible for an operator to buy both FDD and TDD spectrum, 
while the latter group de facto obliges bidders to choose between technologies. 
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The Netherlands uniquely has opted to impose differential caps on entrants and 
incumbents.  Bidders were subject to auction caps of between 2 and 8 eligibility points 
(where 5MHz = 1 point), depending on their current spectrum holdings in other 
mobile bands (900MHz, 1800MHz and 2.1GHz).  This means that an entrant could buy 
up to 50MHz TDD or 2x20MHz FDD in the 2.6GHz band, but one incumbent was 
restricted to as little as 2x5MHz.  These caps were introduced by direction from the 
Dutch parliament, with the intention of promoting market entry opportunities. 

 

Table 1: Spectrum caps in 2.6GHz auctions 

Country Description of cap Implied maximum 
amount of FDD per 
bidder 

Implied maximum 
amount of TDD per 
bidder 

Austria Maximum 18 eligibility points 
per bidder; Maximum 2x20MHz 
FDD 

2x20MHz 50MHz 

Belgium Maximum 2x20MHz FDD 2x20MHz 50MHz 

Denmark 9 eligibility points per bidder 2x20MHz 50MHz 

Germany No cap 2x70MHz 50MHz 

Netherlands Between 2-8 eligibility points, 
depending on existing mobile 
spectrum holdings 

Between 2x5MHz 
and 2x20MHz 

Between 15MHz and 
50MHz 

Norway No cap 2x70MHz 120MHz 

Sweden 140MHz 2x70MHz 50MHz 

UK original 16 eligibility points 2x40MHz 90MHz 

UK revised 2 lots of FDD; no cap on TDD 2x20MHz 50MHz 

Source: DotEcon, using information from regulator websites. 

 

3.2.2 Reserve prices 

The reserve price is the minimum price level at which a lot may be awarded in the 
auction.  Typically, it is also used as the starting price in the first bid round.  Reserve 
prices only affect the auction outcome if there is no excess demand at the reserve 
price; otherwise, the final price will be determined by bids in the auction, rather than 
the reserve price.  In general, setting prices conservatively relative to perceived value 
minimises any risk that lots will go unsold when there is demand, but may leave sellers 
exposed to low revenue outcomes, especially in low demand settings, and may create 
incentives for collusion amongst bidders seeking to benefit from low prices. 

A summary of actual or proposed reserve prices for 2.6GHz auctions is provided in 
Table 2.  This reveals a significant difference in approach between most European 
regulators, which have set modest reserve prices, and Hong Kong, which set much 
higher prices, presumably in order to meet certain revenue objectives or avoid 
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incentives for collusion.  As a general observation, objectives for spectrum awards may 
differ between EU member states and other countries, as revenue generation must be 
a consequence of efficient allocation rather than an objective in its own right in the EU 
for compatibility with the Authorisation Objective. 

The lowest reserve prices for 2.6GHz spectrum can be found in countries that have 
explicitly adopted a ‘low but non trivial’ approach.  Under this approach, the reserve 
price per lot is set at an arbitrary low level, being an amount at which: 

• no genuine bidder with a plausible business case would likely be 
discouraged from bidding for the spectrum; but 

• frivolous or highly speculative bids would be deterred. 

The UK and the Netherlands have both adopted this approach.  In the original UK 
proposals, Ofcom proposed a reserve price of £50,000 per eligibility point, while the 
Dutch Ministry of Economic Affairs has set a reserve price of €50,000 per point (in both 
cases, 1 point is equivalent to 5MHz).  The UK has not yet announced reserve prices for 
its revised auction.  The approach adopted in Austria, Denmark, Finland, Germany and 
Sweden is more ambiguous.  These reserve prices are significantly higher than 
UK/Dutch levels, but still low when compared to the potential value of the businesses 
that will operate using these licences. 

In all of these cases, prices are unlikely to deter serious bidders, but they do leave the 
sellers vulnerable to low prices and low revenue outcomes.  Indeed, as with some of 
the European 3G auctions, they may create incentives for bidders to attempt to 
coordinate the level of competition in the auction (through pre-auction mergers and 
joint ventures), in the hope of winning lots cheaply.  On the other hand, there seems 
little risk of lots going unsold inefficiently.  Notably, Sweden, Finland and Germany 
sold all spectrum, and Norway and Denmark sold most of the available spectrum.  
Although the Netherlands failed to sell any TDD spectrum, this was due to deficient 
demand and/or the restrictive spectrum caps, not the reserve prices.  By contrast, in 
Hong Kong, higher reserve prices may have helped to ensure high revenues for FDD 
licences, but they may also have deterred bidding for 2.6GHz TDD spectrum, which 
went unsold.  

One curious feature of all the 2.6GHz auctions to date is that regulators have set a 
common reserve price for both TDD and FDD spectrum within the 2.6GHz band.  There 
is a clear rationale for this in auctions with flexible band plans, as TDD and FDD are 
competing for the same spectrum.  However, the rationale is weaker for fixed band 
plans, where the decision of regulators to prioritise spectrum for FDD implies an 
administrative judgement that the value associated with FDD must be significantly 
higher than TDD.  In European countries, where revenue was not an objective, this 
presumably reflected the decision to have low reserve prices for all lots.  However, in 
Hong Kong, where revenue did matter, it is an open question whether Hong Kong 
would have sold more spectrum if it had set lower per MHz reserve prices for TDD lots 
than for FDD.  Belgium too has chosen to set high uniform per MHz prices across FDD 
and TDD, which may deter potential TDD bidders in particular. 
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Table 2:  Reserve prices for 2.6GHz auctions 

Country Reserve price for FDD  Reserve price for TDD 

 Per lot Per MHz (€) Per lot Per MHz (€) 

Austria €400,000 per 
2x5MHz 

€40,000 €200,000 per 
5MHz 

€40,000 

Belgium €500,000 per 
MHz 

€500,000 €500,000 per 
MHz 

€500,000 

Denmark DKK 1,000,000 
per 2x5MHz 

€744,000 DKK 500,000 per 
5MHz 

€744,000 

Finland €150,000 per 
2x5MHz 

€15,000 €750,000 per 
50MHz 

€15,000 

Germany €2,500,000 per 
2x5MHz 

€250,000 €1,250,000 per 
5MHz 

€250,000 

Hong Kong HK$ 150,000,000 
per 2x15MHz 

€53,850,000 HK$ 25,000,000 
per 5MHz 

€53,850,000 

Netherlands €100,000 per 
2x5MHz 

€10,000 €50,000 per 
5MHz 

€10,000 

Norway NOK 1,000,000 
per 2x5MHz 

€801,000 NOK 1,000,000 
per 10MHz 

€801,000 

Sweden SEK 2,750,000 
per 2x5MHz 

€2,640,000 SEK 13,750,000 
for 50MHz 

€2,640,000 

UK original £100,000 per 
2x5MHz 

€9,000 £50,000 per 
5MHz 

€9,000 

Source: DotEcon, using information from regulator websites and other public documents. 

 

3.2.3 Activity rules and prices 

Activity rules are required for bid rounds in order to manage the pace of the auction 
and encourage bidders to reveal truthful information about their relative value of lots. 
Traditionally, most multiple-round auctions with more than one category of lots have 
used a simple eligibility points-based activity rule.  In general, in each round of the 
auction, bidders can either maintain or reduce the size of their bids in terms of 
eligibility points but cannot increase them.24  Meanwhile, prices can typically only 

                                                               
24 This restriction does not apply if there are staged activity requirements (as in Germany) and the activity 
requirement is below 100%.  There is also a partial exception to this rule in the case of the SMRA format 
with switching.  With this format, it is possible an old bids to be reactivated, owing to another bidder 
withdrawing their standing high bid, in which case bidders may receive a corresponding increase in their 
eligibility for the next round. 



A survey of 2.6GHz spectrum awards 23 

June 2010  

move upwards, meaning that bidders must make decisions about whether to maintain 
or drop demand in response to rising prices. 

To date, the majority of regulators have proposed simple eligibility points rules for 
their 2.6GHz auctions, regardless of the auction format adopted.  For example, this rule 
was used in Hong Kong (standard SMRA), in Norway, Sweden and Finland (SMRA with 
switching) and in the Netherlands (CCA). 

The rule is simple to implement and to understand, but it does have some limitations.  
Firstly, if a 100% activity requirement is imposed throughout the auction, bidders in an 
SMRA may be particularly exposed to winning unwanted subsets of their demand, if 
prices for some lots rise to unaffordable levels but the bidder is still holding the high 
bid on other complementary lots.  Note that this is not an issue in a CCA, as package 
bids are accepted or rejected in their entirety.  Secondly, the eligibility points ratio 
between different categories of lots (e.g. TDD and FDD) establishes a basis for 
switching demand between categories.  However, if bidders have value differences 
that deviate from these fixed ratios, they may not be able to switch in line with their 
preferences; partial activity requirements provide more flexibility. 

Regulators have imposed a variety of rules designed to address some of these 
problems: 

• Germany imposed escalating ‘activity requirements’ during its big 
auction, starting at 50% and moving in stages to 100%.  This means that 
during the earlier stages of the auction, bidders only had to bid a 
proportion of their demand in order to maintain eligibility.  This rule is 
used to ease bidder exposure to winning unwanted subsets of their 
demand. 

• Germany also allowed for withdrawals of standing high bids.  However, 
these were subject to financial penalties if the lots were not taken up by 
competitors (although prices achieved in a subsequent second stage 
were subtracted from any payment obligation for withdrawn bids). 

• In the SMRA with switching, bidders can withdraw standing high bids 
without penalty, provided they shift demand to other lots.  This reduces 
the vulnerability of bidders to be being stranded on unwanted lots.  
Uniquely, in this format, there is also provision for prices of lots without 
high bids to be reduced.  In Norway and Sweden, there were rules to 
prevent bidders bidding back on lots that they withdrew from at lower 
prices, so as to close off gaming behaviour.  Oddly, these rules were not 
applied in Finland, even though it used the same auction format. 

• Denmark used a ‘revealed preference’ rule for its CCA auction (the UK 
proposes the same approach).25  This rule encourages bidders in the 
open phase to bid on the packages of lots they value highest, which 
should maximise price discovery.  By contrast, the simple eligibility points 

                                                               
25 For a detailed explanation of this rule, see D Maldoom & R Marsden, February 2010, op. cit. 
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rule when used with the CCA – as used in the Netherlands – incentivises 
bidders in the open phase to bid on the largest package (in terms of 
eligibility points) for which they have value.  The Dutch approach 
therefore limited scope for price discovery relative to the Danish 
approach. 

The appropriate rules may depend on the type of auction format used and the 
structure of the lots in the auction.  For example, the German auction required more 
complex activity rules because spectrum was being sold in multiple bands, which 
implies greater exposure to aggregation and substitution risks for bidders.  By contrast, 
in auctions where only 2.6GHz spectrum is being sold, there may be less concern 
about exposure and switching between bands. 

The detailed activity rules selected can also have a big impact on bidder behaviour.  
We have already noted how the choice between revealed preference and eligibility 
points rules in a CCA format affects optimal bidder strategy.  In an SMRA, activity rules 
may have an even greater impact on strategy.  For example, in Germany, bidder 
decisions about which lots to bid on during the staged activity requirements may be 
highly strategic.  Meanwhile, in Finland, failure to implement the withdraw pricing 
rules used in Norway and Sweden made it possible for bidders to manipulate prices 
downwards by withdrawing then returning to the same lots.  The lack of these rules 
appear to have been exploited by the incumbent mobile operators, who won all their 
FDD lots at prices close to reserve level, despite actively competing with each other for 
27 rounds. 

 

3.2.4 Transparency 

Transparency is a generic term used to refer to the amount of information about 
bidders and bids that the regulator releases before, during and after the auction.  
When determining whether to release information, the key concern is whether this is 
likely to have a positive or negative impact on bidder behaviour.  In general, in 
auctions where bidders may have related valuations (common values) for available 
frequencies, a more transparent approach should enhance price discovery, giving 
bidders a greater ability to learn from observing the behaviour of others and adjust 
their bids if necessary.  However, in low competition scenarios, bidders may be able to 
exploit information to facilitate tacitly collusive outcomes in which spectrum is shared 
out amongst bidders at prices lower than market levels.  Anonymous bidding may also 
encourage entrant participation, as it is harder for incumbents to coordinate tacit 
blocking of unwanted rivals. 

For the 2.6GHz band, concerns about common value, low competition and bidder 
asymmetries are all relevant.  In particular, there are many countries where there are 
only two or three incumbent mobile operators, who could potentially share all FDD 
spectrum.  Such countries are particularly vulnerable to low price outcomes for FDD 
lots, given the limited scope for competition between incumbents.  This factor may 
partly explain the lower price outcomes in Norway (two incumbents), Finland (three 
incumbents) and the Netherlands (three incumbents) than in Sweden (four 
incumbents), Hong Kong (six incumbents) and Denmark (four incumbents).  Such low 
price outcomes need not imply any inefficiency in the auction outcome, but may be a 
concern from a public policy perspective. 
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The majority of countries auctioning 2.6GHz spectrum have opted to restrict 
transparency.  For example, in Norway, Sweden, Finland, Denmark, the Netherlands 
and the United Kingdom (original proposals), regulators all opted for anonymous 
bidding, only releasing information about aggregate demand on a round-by-round 
basis.  Sweden, Finland and Denmark also decided not to announce the identity of 
participants in advance of the auction.  In these countries, restrictions on information 
were presumably viewed as a practical way of balancing competing concerns about 
price discovery, low competition and bidder asymmetries. 

One regulator to go against this trend is BNetzA, which opted for a fully transparent 
auction in Germany.  It is unclear to what extent BNetzA considered alternative 
information rules, not least as the rules are so close to the 2001 3G auction in Germany.  
It may be that as Germany is a large country with four incumbent operators, BNetzA 
was less concerned than many of its European counterparts about low competition 
and tacit collusion.  There is evidence that previous German auctions have been 
affected by ‘code bidding’, in which bidders use the final digits of discretionary bid 
amounts to send signals about their preferred outcomes.26 BNetzA has chosen to 
address this concern by using menus of fixed bid amounts rather than discretionary 
bidding. 

 

4 Auction results  

As of June 2010, seven countries have completed their 2.6GHz auctions:  Norway, 
Sweden, Hong Kong, Finland, Netherlands, Denmark and Germany.  Some other 
countries, such as Singapore (2005) have previously auctioned spectrum in this band 
but are excluded from this survey, as these awards pre-date current technology 
choices so are not easily comparable. 

The revenues achieved in each of these auctions are presented in Table 3.  A 
breakdown of average prices for paired and unpaired spectrum is provided in Table 4.  
All prices are expressed in euros per MHz per head of population so as to facilitate 
cross-country comparison. 

                                                               
26 Grimm, V, Riedel, F & Wolfstetter, E, "The Third Generation (UMTS) Spectrum Auction in Germany," 
Sonderforschungsbereich 373 2001-70, Humboldt Universitaet Berlin. 
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Table 3: Revenues from 2.6GHz auctions 

Country Pop-
ulation 

Auction 
name 

Auction 
date 

Total 
spectrum 

sold 
(MHz) 

Total revenues for 
2.6GHz band 

(local currency) 

Total revenues 
for 2.6GHz 

band (€) 

Norway 4.68m 2.6GHz Nov 2007 190 NOK 231,000,000  28,800,000 

Sweden 9.08m 2.6GHz May 2008 190 SEK 2,100,000,000  219,000,000 

Hong Kong 6.86m BWA Jan 2009 90 HK$1,540,000,000  143,000,000 

Finland 5.25m 2.6GHz Nov 2009 190 € 3,800,000  3,800,000 

Netherlands 16.78m 2.6GHz Apr 2009 130 € 2,630,000  2,630,000 

Denmark 5.52m 2.6GHz May 2009 190 DKK 1,010,000,000  136,000,000 

Germany 82.28m 2.6GHz May 2009 190 € 344,000,000  344,000,000 

Source: DotEcon Database of Spectrum Awards (population data from CIA world factbook; 
conversion to euros using annual average exchange rate from oanda.com for year of award) 

 

Table 4: Prices in 2.6GHz auctions 

All 2.6GHz band Paired spectrum Unpaired spectrum Country 

Total 
spectrum 

sold (MHz) 

Average 
price per 

MHz per pop 
(€ cents) 

Total 
paired 

spectrum 
sold (MHz) 

Average 
price per 

MHz per pop 
(€ cents) 

Total 
unpaired 
spectrum 

sold (MHz) 

Average 
price per 

MHz per pop 
(€ cents) 

Norway 190 3.24 120 3.01 70 3.63 

Sweden 190 12.70 140 15.90 50 3.65 

Hong Kong 90 23.10 90 23.10 Unsold NA 

Finland 190 0.381 140 0.317 50 0.559 

Netherlands 130 0.120 130 0.121 Unsold NA 

Denmark 190 13.00 140 17.50 50 0.244 

Germany 190 2.20 140 2.24 50 2.10 

Source: DotEcon Database of Spectrum Awards 

 

These results reveal significant differences between Norway, Finland, Germany and the 
Netherlands on the one hand, and Hong Kong, Sweden and Denmark on the other: 

• In Norway, Finland, Germany and the Netherlands, prices for all 2.6GHz 
lots were low.  Despite the general market perception that FDD spectrum 
is more valuable than TDD spectrum, prices for unpaired lots in Norway 
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and Finland were modestly higher than for paired lots.  However, in the 
Netherlands, TDD spectrum went unsold. 

• In Hong Kong, Sweden and Denmark, paired spectrum sold for higher 
prices.  Unpaired spectrum in Sweden and Denmark went for similarly 
low prices to those in Norway, while Hong Kong failed to attract any bids 
for TDD lots in the 2.6GHz band. 

Why were there such large differences in prices and outcomes?  We argue that the 
primary driver of differences in prices was the level and structure of demand, which 
varied significantly across each country.  In some cases, packaging and auction design 
decisions also had an impact on outcomes.  

Both Norway and Finland experienced very low competition, which was predictable 
given the local market structures.  These two countries have two and three national 
incumbent mobile operators respectively.  Thus without entry, there was little scope 
for competition for FDD spectrum.  Further, the local mobile markets are small and 
highly developed, which means that there are substantial asymmetries between 
incumbents and potential new entrants, so conditions for new entry – especially in 
cellular mobile – are not particularly favourable. 

By contrast, the competitive conditions in Sweden, Hong Kong and Denmark were 
more favourable, as these countries each have four or more mobile operators.  This 
meant that, even without entry, there was likely to be competition amongst 
incumbents for FDD spectrum.  Indeed, in Sweden and Denmark, the relatively high 
prices achieved for FDD lots were entirely the result of competition between four 
incumbents, each wanting 2x20MHz FDD.  In each case, the auction only ended when 
one of the incumbents dropped demand to 2x10MHz. 

As Germany had four operators, one might have expected that prices for 2.6GHz 
paired spectrum would have reached similar levels to Sweden and Denmark.  
However, in practice bidders were more willing to compromise, possibly because they 
were able to obtain substitute spectrum in other bands, such as 1800MHz and 2GHz.  
Moreover, the battle that really mattered in the German auction was the competition 
for 800MHz. 

The Netherlands is an odd case.  Although there were only three incumbents, the 
auction attracted two strong entrants.  With five bidders, demand for paired spectrum 
could have been strong.  However, because the spectrum caps on the incumbents 
were set very tightly, there still was not enough demand to increase prices above 
reserve.  If the spectrum caps had been looser, perhaps there would have been 
competition and higher prices. However, this is uncertain because it may have been 
the presence of the spectrum caps that attracted the entrants to join the process. 

Notwithstanding these general observations about competition, it also appears that 
decisions on spectrum packaging, reserve prices and auction design have had an 
impact on outcomes.  A number of observations can be made: 

• Finland suffered lower prices than Norway, despite having one more 
national mobile operator.  There are two possible explanations for this, in 
addition to low participation.  Firstly, unlike Norway, Finland adopted a 
fixed band plan.  This meant that competition between two non-
incumbents for unpaired spectrum had no impact on prices that the 
mobile operators paid for paired spectrum.  By contrast, Norway’s flexible 
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band plan obliged incumbent operators seeking FDD spectrum to 
compete directly with aspiring TDD entrants, thus driving up the price of 
spectrum suitable for either use.  Secondly, Finland’s peculiar 
implementation of the SMRA switching rules enabled FDD bidders to 
manipulate prices down as well as up, so even the price impact of limited 
competition amongst the three incumbent operators was not realised. 

• Hong Kong used relatively high reserve prices, which may have helped to 
underpin prices for FDD spectrum, where there was demand.  However, 
these prices may have been too high for unpaired spectrum, which went 
unsold.  By contrast, Sweden and Denmark – which used much lower 
reserve prices – were able to realise demand for TDD spectrum. 

• The Danish decision to use a CCA rather than SMRA format may have 
been critical in underpinning prices.  In a CCA, marginal bidders have 
good incentives to bid upto their value, as they only pay a price based on 
the opportunity cost of their winning bid, not their bid amount.  By 
contrast, in a SMRA, a marginal bidder may be better off reducing its 
demand early in the auction in the hope of getting lower prices, as if it 
keeps bidding it will have to pay higher prices even if it reduces demand 
later on.  Of course, this can have a huge impact on what other winning 
bidders pay.  In both Sweden and Denmark, the list of bidders was similar 
and the marginal bidder was the same company: Hi3G.  On the basis that 
Hi3G could reasonably have predicted it was likely to be the marginal 
bidder, one may surmise that the outcome of an SMRA could have been 
one with significantly lower prices. 

• The choice of spectrum caps in the Netherlands was arguably 
unfortunate.  Maximum demand across the three incumbents and two 
entrants exactly matched supply of FDD spectrum.  If the caps had been 
slightly higher, this might have been enough to generate modest excess 
demand and thus competition in the auction. 

In conclusion, the most important factor determining different price outcomes in 
2.6GHz auctions to date is the level of competition.  Nevertheless, it is often possible to 
anticipate low participation, and there are measures that regulators can take to 
increase the likelihood of competition and safeguard prices.  A comparison of Norway 
versus Finland suggests some benefits from using packaging approaches that facilitate 
direct competition between TDD and FDD bidders.  Meanwhile, in Denmark, the 
decision to use a CCA format with second prices may have been critical in eliciting 
demand from all four bidders in a situation where there might otherwise have been 
strong incentives for demand reduction.  Finally, higher reserve prices may help to 
underpin revenues but if set too high, may lead to lots going unsold. 

 

5 Summary of findings 

In principal, the global awards of the 2.6GHz band provide an opportunity to test the 
concept of spectrum liberalisation.  As the original UK and Dutch approaches 
demonstrate, it is possible to construct an award format that creates a reasonably level 
playing field for aspiring FDD and TDD operators to compete for the same spectrum, 
while precluding undesirable fragmentation of the band between technologies.  This 
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can be achieved through the adoption of a flexible band plan with fungible, generic 
lots and a package bid auction format.  Norway’s approach also fostered competition 
between FDD and TDD bidders, but the use of specific lots in an SMRA type format did 
not preclude fragmented outcomes. 

In practice, most countries have shied away from the relatively radical approach of 
flexible boundaries, instead favouring the fixed CEPT band plan, which is only 
nominally technology neutral.  There are pragmatic reasons for taking a conservative 
approach.  Over the last 18 months, sentiment has shifted significantly in favour of LTE 
relative to WiMAX, with the implication that TDD users are much less likely to outbid 
their rivals deploying FDD-based technologies.  Further, for any country that has 
significant population centres in border areas, frequency coordination may be more 
complicated if they adopted approaches that differ from larger neighbours. 

The shift away from flexibility is not without cost.  Two concerns stand out.  Firstly, as 
successive countries lock themselves into the CEPT plan, the scope for the launch of 
TDD systems, such as WiMAX, becomes more constrained.  This may or may not be the 
efficient outcome, but it is regulators, and not the market, making the decision on 
spectrum allocation between TDD and FDD.  Secondly, by separating TDD and FDD 
spectrum within an auction, the scope for competition across users of these two 
technologies is eliminated.  This appears to have had a detrimental impact on auction 
revenues in Finland, but is not relevant for more recent auctions, where demand for 
unpaired spectrum was negligible. 

The most important story to emerge from the auctions completed to date is the 
modest level of competition afflicting all the auctions.  This is perhaps predictable 
given that mobile markets are relatively mature and there are strong incumbent 
operators.  Only the Netherlands to date has attracted strong entrant competition for 
paired spectrum, and that was in a situation where the incumbent bidders were 
significantly constrained by spectrum caps. 

In this context, small differences in the level of demand have led to very large 
differences in price outcomes.  In Hong Kong, Sweden and Denmark, prices for paired 
spectrum were relatively high, with modest excess demand amongst incumbent 
bidders sufficient to support a competitive auction.  By contrast, in Norway and 
Finland, which have only two and three incumbents respectively, there was insufficient 
demand to support high prices.  In Germany, prices of 2.6GHz spectrum may have 
been reduced owing to the availability of substitute spectrum in other bands, and 
possible incentives for demand reduction to reduce prices.  In the Netherlands, the 
caps on incumbents were too tight to support any excess demand, despite there being 
two entrant bidders. 

In summary, differences in price outcomes can largely explain the variation in demand 
levels in the 2.6GHz auctions.  However, the packaging and auction design decisions 
made by regulators can and do have an impact on demand and bidder behaviour.  As 
a general observation, the CCA is less vulnerable to demand reduction than the SMRA, 
as marginal bidders are not exposed to higher prices if they bid up to their value.  The 
use of a CCA was probably critical in underpinning prices in Denmark by creating 
effective competition between incumbents.  Other decisions, such as the level of 
spectrum caps, the amount of information released and level of reserve prices can also 
make a big difference to outcomes. 
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Annex 1: Summary of 2.6GHz awards 

Lots suitable for FDD Lots suitable for TDD 

Country Date of 
award 

Type of 
band plan 

Auction 
format 

Number Size 
(MHz) 

Price (€ cents 
per MHz per 

pop) 

Number* Size 
(MHz) 

Price (€ 
cents per 
MHz per 

pop) 

Spectrum cap 
per bidder 

(2.6GHz band 
only) 

Austria Forthcoming Fixed CCA 14 2x5 TBC 10 5 TBC Maximum 18 
eligibility points 

per bidder = 
90MHz; Maximum 

2x20MHz FDD‡ 

Belgium Forthcoming Fixed SMRA 6 (or 5) 2x15 (or 
2x20) & 

2x5 

TBC 1 45 TBC Maximum 
2x20MHz FDD 

Denmark Apr 2010 Fixed CCA 14 2x5 15.40 9 5 0.245 9 eligibility points 
= 2x20MHz FDD 
or 50MHz TDD 

Finland Nov 2009 Fixed SMRA with 
switching 

14 2x5 0.317 1 50 0.559 50MHz 

Germany Apr 2010 Fixed SMRA with 
generic 

lots 

14 2x5 2.24 10 5 2.11 None 
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Lots suitable for FDD Lots suitable for TDD 

Country Date of 
award 

Type of 
band plan 

Auction 
format 

Number Size 
(MHz) 

Price (€ cents 
per MHz per 

pop) 

Number* Size 
(MHz) 

Price (€ 
cents per 
MHz per 

pop) 

Spectrum cap 
per bidder 

(2.6GHz band 
only) 

Hong Kong Jan 2009 Fixed SMRA 3 2x15 23.10 3 5 Unsold 30MHz 

Netherlands Apr 2010 Flexible CCA 13 2x5 0.121 10 5 Unsold Varies: up to 8 
eligibility points = 

up to 50MHz** 

Norway Nov 2007 Semi-
flexible 

SMRA with 
switching 

8-11 2x5 and 
2x10 

2.20 5-11 10 2.94 None 

Sweden May 2008 Fixed SMRA with 
switching 

24 2x5 15.90 1 50 3.65 140MHz 

UK (original) Abandoned Flexible CCA 0-14 2x5 NA 9 5 NA 16 eligibility 
points = 80-

85MHz 

UK (revised) Forthcoming Fixed CCA 7 2x10 TBC 9 5 TBC 2x20MHz FDD 
and/or 50MHz 

TDD 

Source:  DotEcon, using data from regulator websites and DotEcon’s Database of Spectrum Awards 

‡ Cap of 2x15MHz for incumbent operators with holdings at 900MHz or 1800MHz; *Not including guard blocks; ** Incumbents KPN and Vodafone 
limited to 4pts and T-mobile to 2pts, based on existing mobile spectrum holdings. 
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