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ABSTRACT
Mobile spectrum licence renewal is often framed as a choice between incumbent continuity and 

testing the allocative efficiency of the current assignment. This paper treats renewal as an investment 

instrument. We model a regulator that chooses a renewal fee intensity parameter before operators 

invest. Operator investments create positive externalities that are not captured by private returns. A 

renewal fee below full market value can increase ex ante investment and raise welfare. The optimal 

pre-committed fee intensity is below one (i.e., below full market value) when private returns are below 

social returns to investment. We then examine a no-commitment setting in which the realised fee 

or auction price is higher when investment succeeds. This creates a hold-up problem. Even where 

expected fee intensity equals full market value, success-dependent extraction lowers investment 

relative to a pre-committed full-market-value rule. 

Keywords: spectrum management, licence renewal, investment incentives, regulatory commitment, 

hold-up, mobile coverage, spectrum pricing.
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INTRODUCTION
Mobile spectrum licences are time-limited rights over a public resource. During the licence term, 

mobile operators invest in radio access equipment, core networks, refarming, densification, coverage, 

and resilience. Renewal rules affect the ex ante expected private return on those investments as well 

as the ex-post efficiency of the new frequency assignment. 

This paper studies renewal fee intensity (the share of investment-created licence value extracted 

at renewal through monetary or competitive mechanisms). The parameter α measures the share of 

investment-created value that is extracted through a renewal fee or re-auction price after expiry. The 

value α = 1 represents a fee at full market value.1 The value α = 0 represents administrative renewal 

with no fee. Regulators can choose intermediate settings through fees, obligations, or the design of 

the auction (e.g., a two-stage award, in which incumbents have a right of first refusal in the first stage, 

with only residual spectrum available in a competitive second stage). 

We study two mechanisms for how the setting of α affects ex ante investment incentives:  

•	 The first mechanism is an investment externality. Mobile operators invest, but they do not capture 

the full social value of their investment. The consumer surplus and broader benefits to society 

associated with provision of coverage, service quality, and resilience in low-demand areas tend 

to exceed the private return. If renewal fees capture part of value created by investment, the 

operator’s private marginal return falls. Lower fee intensity can raise ex ante investment and move 

it closer to the social optimum. 

•	 The second mechanism is regulatory commitment to overcome the hold-up problem. If the 

regulator cannot pre-commit to the renewal rule, the realised fee or auction price may be 

higher when investment succeeds. This creates hold-up and lowers investment relative to a 

pre-committed rule.

This paper makes three contributions. It maps observed renewal regimes along a continuum of α from 

de facto perpetual rights to full re-auction. It derives the optimal pre-committed fee intensity under 

an investment externality. It then shows how no-commitment renewal rules can reduce investment. 

The remainder of this paper is structured as follows: 

•	 First, we set out international renewal regimes;

•	 We review the relevant literature;

•	 Then, we present the pre-commitment model; and

•	 Finally, we conclude.
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INTERNATIONAL RENEWAL REGIMES AND 
POLICY TRADE-OFFS

International practice for managing expiring mobile spectrum licences varies on two dimensions that 

map onto the model we develop in this paper:

• The first dimension is fee intensity, the share of investment-created licence value extracted at

renewal through monetary or competitive mechanisms.

• The second dimension is regulatory commitment, the extent to which the rule governing renewal is

fixed before the operator invests rather than determined at expiry. These two dimensions define

four regime types, which provide the analytical reference points for the model.

The four regimes can be set out in a two-by-two matrix. The rows distinguish between low and high 

fee intensity. The columns distinguish between committed and discretionary approaches to setting 

renewal terms.

• Renewal regime A: Low fee intensity, committed rule. Renewal is administrative and the price

at renewal does not vary with the realised market value of the licence. The United States is closest

to this regime. Mobile licences have fixed terms, often 10 years, but renewal rules give licensees

a high expectation of continuity on satisfaction of service and compliance requirements, and the

FCC has promoted secondary markets through leasing and transfer rules.

• Renewal regime B: High fee intensity, committed rule. The renewal rule is announced in

advance and operators retain the licence subject to a fee benchmarked to estimated market value.

The regime preserves continuity of holdings, which protects investment in the spectrum-specific

assets surrounding the licence, while the fee level approximates the opportunity cost of spectrum

use. The United Kingdom is a good example of this approach. After the initial terms of several

mobile licences expire, operators retain ongoing rights subject to paying annual licence fees set

by Ofcom based on estimate of full market value. Fee levels are periodically reviewed to ensure

alignment with market value.

• Renewal regime C: Low fee intensity, discretionary. The regulator preserves the option to renew

at a low fee but does not commit to doing so in advance. The terms of renewal are negotiated, or set

by a case-specific administrative process, close to expiry. The expected fee is below market value, but

the operator faces uncertainty over whether renewal will in fact be granted and on what terms. The

regime delivers some of the continuity benefits of the committed low-intensity case but transfers the

resolution of investment-relevant uncertainty to a time period after sunk investment has been made.

Examples of this approach include France and Spain. France used the 2018 reallocation of 900

MHz, 1800 MHz, and 2.1 GHz frequencies to set new 10-year licence terms and attach New Deal

for Mobile coverage obligations. Spain extended eligible existing spectrum concessions by up to 10

additional years in 2024, including bands assigned before Law 11/2022 and the 3.5 GHz band used

for 5G, with the stated purpose of supporting investment, deployment, and innovation.
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•	 Renewal regime D: High fee intensity, discretionary. The regulator retains discretion over 

the form of the renewal process and the level of fee. The realised price is set at expiry, typically 

through auction or auction-referenced valuation, without prior commitment to a discount. 

This regime provides ex-post allocation discipline. It also exposes operators to the strongest 

combination of renewal risk and success-dependent extraction, with consequences for ex ante 

investment. Examples include Ireland’s 2012 multi-band award for 800 MHz, 900 MHz, and 1800 

MHz bands; Austria’s 2013 multi-band auction for 800 MHz, 900 MHz, and 1800 MHz spectrum; 

and the auction of 2100 MHz spectrum in the 2019 German 5G auction. 

The two dimensions are not interchangeable. Fee intensity affects the share of investment-created 

value the operator retains; commitment affects whether that share is known to the operator at the point 

of investment. The model in our following section “Renewal Fee Intensity as an Investment Instrument” 

shows the welfare implications of changes along these two dimensions are different. The remainder of 

the paper formalises this distinction and derives the optimal pre-committed fee intensity.

LITERATURE REVIEW
The paper sits at the intersection of four strands of the economic literature.

•	 The literature on spectrum assignment establishes the case for market mechanisms but addresses 

the renewal problem only indirectly.

•	 The literature on licence duration provides empirical support for the proposition that the time 

horizon over which operators can recover sunk investment affects their willingness to invest.

•	 The literature on investment externalities in mobile networks documents the difference between 

private and social returns that motivates a renewal fee below market value.

•	 The literature on hold-up and regulatory commitment provides the theoretical foundation for the 

no-commitment results.

The contribution of this paper is to bring these four strands together in a unified framework for 

evaluating renewal regimes by their joint effect on ex ante investment and ex-post allocative efficiency. 

Spectrum Assignment, Property Rights, and Auctions
Coase (1959) established the economic case for market mechanisms in spectrum assignment. Later 

work developed the case for clearer usage rights, trading, and auctions. Cramton (2013) sets out the 

design principles for spectrum auctions, including the trade-offs between simple ascending designs 

and combinatorial clock auctions, and the role of activity rules, reserve prices, and information 

disclosure in revealing operator valuations. The auction literature is concerned principally with the 

assignment problem at a single point in time. It takes the supply of spectrum and the set of bidders as 

given and asks how the rules of the auction shape the resulting allocation. 
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Dworczak and Muir (2024) provide the most directly applicable theoretical treatment to renewals. 

They model the optimal design of property rights when an agent makes a value-affecting investment 

before participating in a trading mechanism chosen sequentially by a principal, formalising the 

hold-up problem that arises when property rights are unconditional and the principal cannot commit. 

They show the optimal menu of rights uses at most two instruments, including an option-to-own 

that grants the agent control on payment of a pre-specified price. Their framework cites spectrum 

licensing as a leading application and identifies the trade-off between investment incentives and 

reallocation efficiency under transaction costs as the central design problem. The model developed 

in this paper applies the same logic to mobile spectrum renewal and characterises the optimal 

pre-committed fee intensity in reduced form.

Licence Duration and Mobile Investment
Shorter licence terms preserve regulatory flexibility but bring investment cycles closer to expiry risk. 

Plum Consulting (2022) records that defined mobile spectrum licences have often been set for 10 or 

15 years and that uncertainty near expiry can weaken investment incentives. It also records the role 

of longer terms, renewal expectancy, and early renewal decisions in supporting investment certainty 

while preserving regulatory discretion where reallocation is justified. Similar points have been made 

by GSMA and NERA (2017). GSMA (2025) provides examples of how pricing and obligation choices 

have been treated in recent spectrum award and renewal processes. 

Jeanjean, Lebourges, and Liang (2019), using a panel of mobile operators across multiple jurisdictions, 

find that longer licence duration is associated with higher tangible investment by mobile operators, 

with the effect concentrated in the period before expiry. The result implies that the expected fee or 

auction outcome at renewal influences investment well before the renewal moment itself. The model 

developed in this paper takes the expiry date as given and asks the related but distinct question of 

how the renewal fee rule, conditional on duration, affects investment during the current term. 

Guermazi and Neto (2005) provide an early framing of the renewal question in developing-country 

contexts and identify the same trade-off between continuity and reallocation that the present paper 

formalises.

Investment Externalities
Mobile networks can generate benefits that operators do not fully appropriate. In the model, these 

benefits are represented by consumer surplus and external benefits from coverage, service quality, 

and resilience. Hazlett and Muñoz (2009) support the narrower proposition that spectrum policy 

should be assessed by its effect on output-market efficiency rather than licence receipts alone. 

Renewal can therefore operate as an investment instrument distinct from initial assignment. A lower 

renewal fee, committed in advance, raises the operator’s expected private return on investment 

during the term. Obligations attached to renewal can direct part of the additional investment toward 

social benefits that markets undersupply.
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Hold-Up and Regulatory Commitment
The hold-up literature starts from incomplete contracting. When one party makes sunk or 

relationship-specific investments before future terms are set, another party may appropriate part of 

the quasi-rent. The canonical contributions are Klein, Crawford, and Alchian (1978), Grout (1984), 

Grossman and Hart (1986), Hart and Moore (1988), Williamson (1975, 1985), and Tirole (1986). The 

mechanism transfers directly to mobile spectrum renewal. The operator’s investment in the network 

during the licence term is largely sunk and at least partially specific to the spectrum holding. If the 

regulator at expiry sets a fee or runs an auction with reference to the market value of the licence, 

and that market value is raised by the operator’s investment, then a share of the investment-created 

surplus is appropriated by the regulator at renewal. The operator anticipates this at the investment 

stage and reduces investment accordingly. 

The regulatory commitment literature applies the same reasoning to network industries. Levy and 

Spiller (1994) show the institutional environment affects investment by constraining administrative 

discretion. Lyon and Mayo (2005) develop and apply an empirical method for identifying regulatory 

opportunism in the United States electric utility industry. Their application to 1980s cost 

disallowances finds limited evidence that those disallowances were opportunistic. Besanko and 

Spulber (1992) model investment by regulated firms when the regulator cannot commit to a pricing 

policy before observing investment. Guthrie (2006) surveys the wider literature on how regulatory 

design affects infrastructure investment through risk, irreversibility, and the timing of regulatory 

decisions. The spectrum renewal problem is a specific instance of this general issue: The commitment 

problem arises when the fee or auction price at expiry captures value created by the operator before 

expiry and the regulator cannot bind itself to refrain from doing so.

Contributions of This Paper
The paper contributes to the literature in three respects:

•	  First, it provides a unified framework for evaluating renewal regimes by their joint effect on ex 

ante investment incentives and ex-post allocative efficiency, rather than treating these as separate 

questions addressed by separate instruments. 

•	  Second, it derives the optimal pre-committed fee intensity as a function of the investment 

externality, the sensitivity of licence value to investment, and the cost of allocative discipline and 

shows the optimum is below full market value where private returns fall short of social returns.

•	 Third, it shows that the absence of regulatory commitment lowers investment, formalising the 

hold-up cost of discretionary renewal regimes.
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RENEWAL FEE INTENSITY AS AN 
INVESTMENT INSTRUMENT 

This section presents a reduced-form model of renewal fee intensity. The central assumption is that 

mobile network investment has positive external effects. The operator captures private returns 

through revenues, churn reduction, and cost savings. Society also receives consumer surplus, 

coverage, resilience, and productivity benefits. 

We proceed as follows:

i.    We develop a simple model that shows a regulator that considers positive externalities in its

renewal decision will pre-commit to a renewal fee below full market value.

ii.   We extend the model to demonstrate that if a regulator fails to credibly pre-commit to a fee

intensity, this will generally lower investments owing to the risk of hold-up. 

iii.  We show that using a fee regime that links the price estimate to the ex-post realized market value 

will generally lower investments—a subtle form of hold-up risk. 

iv.  We extend the framework to distinguish between core spectrum holdings on which network

viability depends and incremental holdings for which market pricing may more appropriate, 

providing analytical support for two-stage award designs, an approach that has recently gained 

traction among European spectrum managers.

The Model Basics
The timing of the model is as follows. At the start of the licence term, the regulator commits to a fee 

intensity α in in the pre-commitment case or makes no such commitment in the no-commitment case. 

The operator then invests x. The investment is sunk. At the end of the term, the realised market value of 

the licence v(x) is observed. The regulator applies the fee rule to that realised market value at renewal. 

The operator’s investment decision is therefore based on the expected fee rule (i.e., its expectations at 

the start of the licence term), not on a fee level determined after investment has succeeded.

Mobile Operator Investment Decision
Consider an operator that holds a spectrum licence and chooses network investment x before 

renewal. Let us assume the cost of investment is 
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This additional social value consists of consumer surplus, broader society benefits associated with 

improved coverage, service quality, resilience and emergency communications, and wider productivity 

benefits. 

The total social value of investment is therefore:

This benefit reflects the part of network investments the operator can capture through revenues, 

churn reduction, cost savings, and market share. 

Investment also creates external social value that the operator does not capture. Let this additional 

social value be:
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This additional social value consists of consumer surplus, broader society benefits associated with 
improved coverage, service quality, resilience and emergency communications, and wider 
productivity benefits. 

The total social value of investment is therefore: 

(𝑏𝑏 + 𝑠𝑠)𝑥𝑥 

Renewal Fee Parameters 

The market value of the licence is 𝑣𝑣(𝑥𝑥). The market value depends to some extent on the level of 
investment. We assume a linear function for the following. The key results hold under more 
complex functional forms as long as 𝑣𝑣(𝑥𝑥) is differentiable, 𝑣𝑣(𝑥𝑥) > 0, and 𝑣𝑣′(𝑥𝑥) > 0 (i.e., the mobile 
operator’s investment has a positive impact on the ex-post market value of the licence). 

We use the following linear form throughout: 

𝑣𝑣(𝑥𝑥) = 𝑣𝑣0 + 𝜆𝜆𝜆𝜆 

Where 𝑣𝑣0 > 0 is the part of the market value that is independent of operator’s investment and 𝜆𝜆 >
0 is the extent to which investment raises the future market value. This assumption is central and 
captures the following reasoning:  

• A licence on its own gives the operator the right to use a frequency band, but its economic 
value depends on the operator’s ability to turn that right into revenue-generating services.  

• Investment in radio equipment, network densification, coverage expansion, capacity upgrades, 
and service quality increases the cash flows that can be earned from the licensed spectrum.  

If renewal fees are based on auction outcomes or contemporaneous market-value estimates, 
successful investment can increase the price the operator must later pay to retain the licence. 

At renewal, the regulator chooses a fee intensity level to set a renewal fee with reference to the 
realized market value: 

𝛼𝛼𝛼𝛼(𝑥𝑥), 𝛼𝛼 > 0 

An 𝛼𝛼 = 1 is equivalent to the regulator charging a renewal/licence fee that is reflective of full 
market value (renewal regime B, the UK approach). It could also be achieved by a re-auction at 
licence expiry (renewal regime D). An 𝛼𝛼 ≈ 0 is effectively a renewal at very low cost (renewal 
regime A, similar to the US approach). Note that 𝛼𝛼 is never negative, as this would imply the 
regulator pays the operator to utilise spectrum. 

In a world where the regulator cannot pre-commit to a way of setting the fee, it could end up 
charging more than the market value of the spectrum (i.e., 𝛼𝛼 > 1). If the investment is successful, 
there is a greater chance a regulator may feel political pressure to extract more at renewal. There 
may also be a greater risk of award design choices (e.g., rules that induce artificial scarcity or 
expose operators to existential risk) that could raise fees above the market value. 
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and service quality increases the cash flows that can be earned from the licensed spectrum.  

If renewal fees are based on auction outcomes or contemporaneous market-value estimates, 
successful investment can increase the price the operator must later pay to retain the licence. 

At renewal, the regulator chooses a fee intensity level to set a renewal fee with reference to the 
realized market value: 

𝛼𝛼𝛼𝛼(𝑥𝑥), 𝛼𝛼 > 0 

An 𝛼𝛼 = 1 is equivalent to the regulator charging a renewal/licence fee that is reflective of full 
market value (renewal regime B, the UK approach). It could also be achieved by a re-auction at 
licence expiry (renewal regime D). An 𝛼𝛼 ≈ 0 is effectively a renewal at very low cost (renewal 
regime A, similar to the US approach). Note that 𝛼𝛼 is never negative, as this would imply the 
regulator pays the operator to utilise spectrum. 

In a world where the regulator cannot pre-commit to a way of setting the fee, it could end up 
charging more than the market value of the spectrum (i.e., 𝛼𝛼 > 1). If the investment is successful, 
there is a greater chance a regulator may feel political pressure to extract more at renewal. There 
may also be a greater risk of award design choices (e.g., rules that induce artificial scarcity or 
expose operators to existential risk) that could raise fees above the market value. 

Renewal Fee Parameters
The market value of the licence is v(x). The market value depends to some extent on the level of 

investment. We assume a linear function for the following. The key results hold under more complex 

functional forms as long as v(x) is differentiable, v(x) > 0, and v’(x) > 0 (i.e., the mobile operator’s 

investment has a positive impact on the ex-post market value of the licence). 

We use the following linear form throughout: 

The operator obtains private benefit from investment: 
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We proceed as follows: 

i. We develop a simple model that shows a regulator that considers positive externalities in its 
renewal decision will pre-commit to a renewal fee below full market value. 

ii. We extend the model to demonstrate that if a regulator fails to credibly pre-commit to a fee 
intensity, this will generally lower investments owing to the risk of hold-up. 

iii. We show that using a fee regime that links the price estimate to the ex-post realized market 
value will generally lower investments—a subtle form of hold-up risk. 

iv. We extend the framework to distinguish between core spectrum holdings on which network 
viability depends and incremental holdings for which market pricing may more appropriate, 
providing analytical support for two-stage award designs, an approach that has recently gained 
traction among European spectrum managers. 

4.1. The Model Basics 

The timing of the model is as follows. At the start of the licence term, the regulator commits to a 
fee intensity 𝛼𝛼 in the pre-commitment case or makes no such commitment in the no-commitment 
case. The operator then invests 𝑥𝑥. The investment is sunk. At the end of the term, the realised 
market value of the licence 𝑣𝑣(𝑥𝑥) is observed. The regulator applies the fee rule to that realised 
market value at renewal. The operator’s investment decision is therefore based on the expected fee 
rule (i.e., its expectations at the start of the licence term), not on a fee level determined after 
investment has succeeded. 

Mobile Operator Investment Decision 

Consider an operator that holds a spectrum licence and chooses network investment 𝑥𝑥 before 
renewal. Let us assume the cost of investment is  

𝐶𝐶(𝑥𝑥) = 𝑐𝑐
2𝑥𝑥

2, 𝑐𝑐 > 0 

The operator obtains private benefit from investment: 

𝑏𝑏𝑏𝑏, 𝑏𝑏 > 0 

This benefit reflects the part of network investments the operator can capture through revenues, 
churn reduction, cost savings, and market share. 

Investment also creates external social value that the operator does not capture. Let this additional 
social value be: 

𝑠𝑠𝑠𝑠, 𝑠𝑠 > 0 
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Where v0 > 0 is the part of the market value that is independent of operator’s investment and λ > 0 

 is the extent to which investment raises the future market value. This assumption is central and 

captures the following reasoning:

•	 A licence on its own gives the operator the right to use a frequency band, but its economic value 

depends on the operator’s ability to turn that right into revenue-generating services.

•	 Investment in radio equipment, network densification, coverage expansion, capacity upgrades, and 

service quality increases the cash flows that can be earned from the licensed spectrum.

If renewal fees are based on auction outcomes or contemporaneous market-value estimates, 

successful investment can increase the price the operator must later pay to retain the licence. 

At renewal, the regulator chooses a fee intensity level to set a renewal fee with reference to the 

realized market value:
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This additional social value consists of consumer surplus, broader society benefits associated with 
improved coverage, service quality, resilience and emergency communications, and wider 
productivity benefits. 

The total social value of investment is therefore: 

(𝑏𝑏 + 𝑠𝑠)𝑥𝑥 

Renewal Fee Parameters 

The market value of the licence is 𝑣𝑣(𝑥𝑥). The market value depends to some extent on the level of 
investment. We assume a linear function for the following. The key results hold under more 
complex functional forms as long as 𝑣𝑣(𝑥𝑥) is differentiable, 𝑣𝑣(𝑥𝑥) > 0, and 𝑣𝑣′(𝑥𝑥) > 0 (i.e., the mobile 
operator’s investment has a positive impact on the ex-post market value of the licence). 

We use the following linear form throughout: 

𝑣𝑣(𝑥𝑥) = 𝑣𝑣0 + 𝜆𝜆𝜆𝜆 

Where 𝑣𝑣0 > 0 is the part of the market value that is independent of operator’s investment and 𝜆𝜆 >
0 is the extent to which investment raises the future market value. This assumption is central and 
captures the following reasoning:  

• A licence on its own gives the operator the right to use a frequency band, but its economic 
value depends on the operator’s ability to turn that right into revenue-generating services.  

• Investment in radio equipment, network densification, coverage expansion, capacity upgrades, 
and service quality increases the cash flows that can be earned from the licensed spectrum.  

If renewal fees are based on auction outcomes or contemporaneous market-value estimates, 
successful investment can increase the price the operator must later pay to retain the licence. 

At renewal, the regulator chooses a fee intensity level to set a renewal fee with reference to the 
realized market value: 

𝛼𝛼𝛼𝛼(𝑥𝑥), 𝛼𝛼 > 0 

An 𝛼𝛼 = 1 is equivalent to the regulator charging a renewal/licence fee that is reflective of full 
market value (renewal regime B, the UK approach). It could also be achieved by a re-auction at 
licence expiry (renewal regime D). An 𝛼𝛼 ≈ 0 is effectively a renewal at very low cost (renewal 
regime A, similar to the US approach). Note that 𝛼𝛼 is never negative, as this would imply the 
regulator pays the operator to utilise spectrum. 

In a world where the regulator cannot pre-commit to a way of setting the fee, it could end up 
charging more than the market value of the spectrum (i.e., 𝛼𝛼 > 1). If the investment is successful, 
there is a greater chance a regulator may feel political pressure to extract more at renewal. There 
may also be a greater risk of award design choices (e.g., rules that induce artificial scarcity or 
expose operators to existential risk) that could raise fees above the market value. 
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there is a greater chance a regulator may feel political pressure to extract more at renewal. There 
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expose operators to existential risk) that could raise fees above the market value. 

An α = 1 is equivalent to the regulator charging a renewal/licence fee that is reflective of full market 

value (renewal regime B, the UK approach). It could also be achieved by a re-auction at licence expiry 

(renewal regime D). An α ≈ 0 is effectively a renewal at very low cost (renewal regime A, similar to the 

US approach). Note that α is never negative, as this would imply the regulator pays the operator to 

utilise spectrum.

In a world where the regulator cannot pre-commit to a way of setting the fee, it could end up charging 

more than the market value of the spectrum (i.e., α > 1). If the investment is successful, there is a 

greater chance a regulator may feel political pressure to extract more at renewal. There may also be 

a greater risk of award design choices (e.g., rules that induce artificial scarcity or expose operators to 

existential risk) that could raise fees above the market value.

Mobile Operator Objective
The mobile operator chooses an investment x. Its payoff is:
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Mobile Operator Objective 

The mobile operator chooses an investment 𝑥𝑥. Its payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼𝛼)𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2𝑥𝑥

2 

We then derive the first order condition as: 

𝑏𝑏 + (1 − 𝛼𝛼)𝑣𝑣′(𝑥𝑥) − 𝑐𝑐𝑐𝑐 = 0 

Which gives a best response for a pre-committed 𝛼𝛼 of: 

𝑥𝑥 = 𝑏𝑏 + (1 − 𝛼𝛼)𝑣𝑣′(𝑥𝑥)
𝑐𝑐  

With a linear value function, the best response reduces to: 

𝑥𝑥 = 𝑏𝑏 + (1 − 𝛼𝛼)𝜆𝜆
𝑐𝑐  

Regulator Objective 

The regulator values the full social return from investment: 

(𝑏𝑏 + 𝑠𝑠)𝑥𝑥 + 𝑣𝑣(𝑥𝑥) 

It also recognises the cost of investment: 

𝑐𝑐
2 𝑥𝑥

2 

Because a typical regulator’s mandate is efficient allocation rather than revenue maximisation, 
renewal fee revenue is not added to welfare. However, a fee below full market value can weaken 
allocation discipline. If the incumbent is not exposed to the full opportunity cost of holding 
spectrum, there is a greater risk it retains spectrum when reassignment would deliver higher social 
value. We capture this in reduced form through an allocation-discipline cost: 

𝐷𝐷(𝛼𝛼) = 𝑑𝑑
2 (1 − 𝛼𝛼)2, 𝑑𝑑 > 0 

This cost is zero at full market-value exposure (i.e., 𝐷𝐷(1) = 0) and increases as the fee intensity falls 
below one. The parameter 𝑑𝑑 measures the importance of allocation discipline. It is higher where 
there is credible alternative demand, weak secondary trading, fragmented holdings, or a material 
risk that low-fee renewal would preserve an inefficient assignment. 

4.2. Optimal Pre-Committed Fee Intensity 

In this first model, the regulator wants to determine an optimal level of 𝛼𝛼 to pre-commit to before 
the mobile operator starts investing: 

We then derive the first order condition as:
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Which gives a best response for a pre-committed α of:

With a linear value function, the best response reduces to:

Regulator Objective
The regulator values the full social return from investment:

It also recognises the cost of investment:

Because a typical regulator’s mandate is efficient allocation rather than revenue maximisation, 

renewal fee revenue is not added to welfare. However, a fee below full market value can weaken 

allocation discipline. If the incumbent is not exposed to the full opportunity cost of holding spectrum, 

there is a greater risk it retains spectrum when reassignment would deliver higher social value. We 

capture this in reduced form through an allocation-discipline cost:

This cost is zero at full market-value exposure (i.e., D(1) = 0) and increases as the fee intensity falls 

below one. The parameter d measures the importance of allocation discipline. It is higher where there 

is credible alternative demand, weak secondary trading, fragmented holdings, or a material risk that 

low-fee renewal would preserve an inefficient assignment.
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Mobile Operator Objective 

The mobile operator chooses an investment 𝑥𝑥. Its payoff is: 
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We then derive the first order condition as: 
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renewal fee revenue is not added to welfare. However, a fee below full market value can weaken 
allocation discipline. If the incumbent is not exposed to the full opportunity cost of holding 
spectrum, there is a greater risk it retains spectrum when reassignment would deliver higher social 
value. We capture this in reduced form through an allocation-discipline cost: 

𝐷𝐷(𝛼𝛼) = 𝑑𝑑
2 (1 − 𝛼𝛼)2, 𝑑𝑑 > 0 

This cost is zero at full market-value exposure (i.e., 𝐷𝐷(1) = 0) and increases as the fee intensity falls 
below one. The parameter 𝑑𝑑 measures the importance of allocation discipline. It is higher where 
there is credible alternative demand, weak secondary trading, fragmented holdings, or a material 
risk that low-fee renewal would preserve an inefficient assignment. 
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allocation discipline. If the incumbent is not exposed to the full opportunity cost of holding 
spectrum, there is a greater risk it retains spectrum when reassignment would deliver higher social 
value. We capture this in reduced form through an allocation-discipline cost: 

𝐷𝐷(𝛼𝛼) = 𝑑𝑑
2 (1 − 𝛼𝛼)2, 𝑑𝑑 > 0 

This cost is zero at full market-value exposure (i.e., 𝐷𝐷(1) = 0) and increases as the fee intensity falls 
below one. The parameter 𝑑𝑑 measures the importance of allocation discipline. It is higher where 
there is credible alternative demand, weak secondary trading, fragmented holdings, or a material 
risk that low-fee renewal would preserve an inefficient assignment. 

4.2. Optimal Pre-Committed Fee Intensity 

In this first model, the regulator wants to determine an optimal level of 𝛼𝛼 to pre-commit to before 
the mobile operator starts investing: 
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Optimal Pre-Committed Fee Intensity
In this first model, the regulator wants to determine an optimal level of α to pre-commit to before the 

mobile operator starts investing:

Substituting the best response function we can write:

Differentiating with respect to α:

The first term is the investment effect. A higher fee intensity reduces the share of the investment-

created licence value retained by the operator. This lowers investment and reduces welfare where 

investment has social value the operator does not fully capture. 

The second term is the allocation-discipline effect. A higher fee intensity moves the regime closer to 

full market-value exposure and reduces the risk of inefficient incumbent retention. 

The unconstrained optimum is:

and has the following four implications:

•	 α* < 1. It is generally optimal for the regulator to charge a renewal fee below full market value. 

This is to incentivize investment to the socially optimal level. 

•	 The optimal fee intensity is lower the greater the social benefit s.

•	 The optimal fee intensity is lower the more investment influences the future market value λ.

•	 Generally, the higher the cost of misallocation d, the greater the fee intensity should be.
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𝑊𝑊(𝛼𝛼) = (𝑏𝑏 + 𝑠𝑠)𝑥𝑥 + 𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥

2 − 𝑑𝑑
2 (1 − 𝛼𝛼)2 

Substituting the best response function we can write: 

𝑊𝑊(𝛼𝛼) = 𝑣𝑣0 + (𝑏𝑏 + 𝑠𝑠 + 𝜆𝜆)𝑏𝑏 +
(1 − 𝛼𝛼)𝜆𝜆
𝑐𝑐 − 1

2𝑐𝑐 [𝑏𝑏 + (1 − 𝛼𝛼)𝜆𝜆]2 − 𝑑𝑑
2 (1 − 𝛼𝛼)2. 

Differentiating with respect to 𝛼𝛼: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = −𝜆𝜆

𝑐𝑐 (𝑠𝑠 + 𝛼𝛼𝛼𝛼) + 𝑑𝑑(1 − 𝛼𝛼) 

The first term is the investment effect. A higher fee intensity reduces the share of the investment-
created licence value retained by the operator. This lowers investment and reduces welfare where 
investment has social value the operator does not fully capture. 

The second term is the allocation-discipline effect. A higher fee intensity moves the regime closer 
to full market-value exposure and reduces the risk of inefficient incumbent retention. 

The unconstrained optimum is: 

α∗ = 𝑑𝑑𝑑𝑑 − 𝜆𝜆𝜆𝜆
𝑑𝑑𝑑𝑑 + 𝜆𝜆2 

and has the following four implications: 

• 𝛼𝛼∗ < 1. It is generally optimal for the regulator to charge a renewal fee below full market value. 
This is to incentivize investment to the socially optimal level. 

• The optimal fee intensity is lower the greater the social benefit 𝑠𝑠. 

• The optimal fee intensity is lower the more investment influences the future market value 𝜆𝜆. 

• Generally, the higher the cost of misallocation 𝑑𝑑, the greater the fee intensity should be. 

4.3. Impact of No Commitment 

The pre-commitment model assumes the regulator commits to a fixed fee intensity 𝛼𝛼 before the 
operator invests. We now consider the case in which the regulator cannot pre-commit. The fee 
intensity applied at renewal is ”success dependent” (i.e., depends on the market value 𝑣𝑣(𝑥𝑥) of the 
licence). 

In terms of the timing set out in the model basics, the regulator’s action moves from the start of 
the term to the end of the term. The operator invests at the start of the term without knowledge of 
the fee rule that will be applied. The fee rule is selected by the regulator at expiry, conditional on 
the realised market value of the licence. The operator’s investment decision is therefore based on 
an expectation of the regulator’s end-of-term behaviour rather than on a rule announced before 
investment. 
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2 𝑥𝑥

2 − 𝑑𝑑
2 (1 − 𝛼𝛼)2 
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2 (1 − 𝛼𝛼)2. 

Differentiating with respect to 𝛼𝛼: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = −𝜆𝜆

𝑐𝑐 (𝑠𝑠 + 𝛼𝛼𝛼𝛼) + 𝑑𝑑(1 − 𝛼𝛼) 

The first term is the investment effect. A higher fee intensity reduces the share of the investment-
created licence value retained by the operator. This lowers investment and reduces welfare where 
investment has social value the operator does not fully capture. 

The second term is the allocation-discipline effect. A higher fee intensity moves the regime closer 
to full market-value exposure and reduces the risk of inefficient incumbent retention. 

The unconstrained optimum is: 

α∗ = 𝑑𝑑𝑑𝑑 − 𝜆𝜆𝜆𝜆
𝑑𝑑𝑑𝑑 + 𝜆𝜆2 

and has the following four implications: 

• 𝛼𝛼∗ < 1. It is generally optimal for the regulator to charge a renewal fee below full market value. 
This is to incentivize investment to the socially optimal level. 

• The optimal fee intensity is lower the greater the social benefit 𝑠𝑠. 

• The optimal fee intensity is lower the more investment influences the future market value 𝜆𝜆. 

• Generally, the higher the cost of misallocation 𝑑𝑑, the greater the fee intensity should be. 

4.3. Impact of No Commitment 

The pre-commitment model assumes the regulator commits to a fixed fee intensity 𝛼𝛼 before the 
operator invests. We now consider the case in which the regulator cannot pre-commit. The fee 
intensity applied at renewal is ”success dependent” (i.e., depends on the market value 𝑣𝑣(𝑥𝑥) of the 
licence). 

In terms of the timing set out in the model basics, the regulator’s action moves from the start of 
the term to the end of the term. The operator invests at the start of the term without knowledge of 
the fee rule that will be applied. The fee rule is selected by the regulator at expiry, conditional on 
the realised market value of the licence. The operator’s investment decision is therefore based on 
an expectation of the regulator’s end-of-term behaviour rather than on a rule announced before 
investment. 
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𝑊𝑊(𝛼𝛼) = (𝑏𝑏 + 𝑠𝑠)𝑥𝑥 + 𝑣𝑣(𝑥𝑥) − 𝑐𝑐
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Substituting the best response function we can write: 
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The first term is the investment effect. A higher fee intensity reduces the share of the investment-
created licence value retained by the operator. This lowers investment and reduces welfare where 
investment has social value the operator does not fully capture. 

The second term is the allocation-discipline effect. A higher fee intensity moves the regime closer 
to full market-value exposure and reduces the risk of inefficient incumbent retention. 

The unconstrained optimum is: 

α∗ = 𝑑𝑑𝑑𝑑 − 𝜆𝜆𝜆𝜆
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and has the following four implications: 

• 𝛼𝛼∗ < 1. It is generally optimal for the regulator to charge a renewal fee below full market value. 
This is to incentivize investment to the socially optimal level. 

• The optimal fee intensity is lower the greater the social benefit 𝑠𝑠. 

• The optimal fee intensity is lower the more investment influences the future market value 𝜆𝜆. 

• Generally, the higher the cost of misallocation 𝑑𝑑, the greater the fee intensity should be. 

4.3. Impact of No Commitment 

The pre-commitment model assumes the regulator commits to a fixed fee intensity 𝛼𝛼 before the 
operator invests. We now consider the case in which the regulator cannot pre-commit. The fee 
intensity applied at renewal is ”success dependent” (i.e., depends on the market value 𝑣𝑣(𝑥𝑥) of the 
licence). 

In terms of the timing set out in the model basics, the regulator’s action moves from the start of 
the term to the end of the term. The operator invests at the start of the term without knowledge of 
the fee rule that will be applied. The fee rule is selected by the regulator at expiry, conditional on 
the realised market value of the licence. The operator’s investment decision is therefore based on 
an expectation of the regulator’s end-of-term behaviour rather than on a rule announced before 
investment. 
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The first term is the investment effect. A higher fee intensity reduces the share of the investment-
created licence value retained by the operator. This lowers investment and reduces welfare where 
investment has social value the operator does not fully capture. 

The second term is the allocation-discipline effect. A higher fee intensity moves the regime closer 
to full market-value exposure and reduces the risk of inefficient incumbent retention. 

The unconstrained optimum is: 

α∗ = 𝑑𝑑𝑑𝑑 − 𝜆𝜆𝜆𝜆
𝑑𝑑𝑑𝑑 + 𝜆𝜆2 

and has the following four implications: 

• 𝛼𝛼∗ < 1. It is generally optimal for the regulator to charge a renewal fee below full market value. 
This is to incentivize investment to the socially optimal level. 

• The optimal fee intensity is lower the greater the social benefit 𝑠𝑠. 

• The optimal fee intensity is lower the more investment influences the future market value 𝜆𝜆. 

• Generally, the higher the cost of misallocation 𝑑𝑑, the greater the fee intensity should be. 

4.3. Impact of No Commitment 

The pre-commitment model assumes the regulator commits to a fixed fee intensity 𝛼𝛼 before the 
operator invests. We now consider the case in which the regulator cannot pre-commit. The fee 
intensity applied at renewal is ”success dependent” (i.e., depends on the market value 𝑣𝑣(𝑥𝑥) of the 
licence). 

In terms of the timing set out in the model basics, the regulator’s action moves from the start of 
the term to the end of the term. The operator invests at the start of the term without knowledge of 
the fee rule that will be applied. The fee rule is selected by the regulator at expiry, conditional on 
the realised market value of the licence. The operator’s investment decision is therefore based on 
an expectation of the regulator’s end-of-term behaviour rather than on a rule announced before 
investment. 
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This means the regulator is likely to be more extractive when spectrum licences are more valuable. 

This may arise, for example, owing to political pressure. 

The operator’s payoff is:

Impact of No Commitment 
The pre-commitment model assumes the regulator commits to a fixed fee intensity α before the 

operator invests. We now consider the case in which the regulator cannot pre-commit. The fee intensity 

applied at renewal is ”success dependent” (i.e., depends on the market value v(x) of the licence). 

In terms of the timing set out in the model basics, the regulator’s action moves from the start of 

the term to the end of the term. The operator invests at the start of the term without knowledge 

of the fee rule that will be applied. The fee rule is selected by the regulator at expiry, conditional 

on the realised market value of the licence. The operator’s investment decision is therefore based 

on an expectation of the regulator’s end-of-term behaviour rather than on a rule announced 

before investment. 

We assume that success dependence is positive: 

The first-order condition is:

Abbreviating α(v(x)) as α(v) and rearranging yields the following expression for optimal investment 

under non-commitment:
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We assume that success dependence is positive: 

𝛼𝛼′(𝑣𝑣(𝑥𝑥)) > 1 

This means the regulator is likely to be more extractive when spectrum licences are more valuable. 
This may arise, for example, owing to political pressure. 

The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥2 

The first-order condition is: 

𝑏𝑏 + 𝑣𝑣′(𝑥𝑥) − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑐𝑐𝑐𝑐 = 0 

Abbreviating 𝛼𝛼(𝑣𝑣(𝑥𝑥)) as 𝛼𝛼(𝑣𝑣) and rearranging yields the following expression for optimal 
investment under non-commitment: 

𝑥𝑥 = 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐  

We know that: 

• 𝛼𝛼(𝑣𝑣) ≥ 0 ∀ 𝑣𝑣 (i.e., the regulator does not pay the operator); 

• 𝑣𝑣(𝑥𝑥) > 0 (i.e., the licence value is positive); and 

• 𝛼𝛼′(𝑣𝑣) > 0 (i.e., fees are positively success dependent). 

As a result: 

1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣) < 1 

⇒ 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐 < 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)

𝑐𝑐  

⇒ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 
value (owing to political pressure and/or through auction design), the operator will invest less than 
in a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee 
intensity is identical under commitment and non-commitment, the absence of commitment is 
sufficient to lower investment. 

4.4. Type 1 and Type 2 Spectrum 
The model developed so far treats the operator’s spectrum holding as a single homogeneous 
block. In practice, operators hold portfolios of spectrum where a core minimum is needed to 
continue operations and an incremental part adds capacity. This section extends the model to 
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We assume that success dependence is positive: 

𝛼𝛼′(𝑣𝑣(𝑥𝑥)) > 1 

This means the regulator is likely to be more extractive when spectrum licences are more valuable. 
This may arise, for example, owing to political pressure. 

The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥2 

The first-order condition is: 

𝑏𝑏 + 𝑣𝑣′(𝑥𝑥) − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑐𝑐𝑐𝑐 = 0 

Abbreviating 𝛼𝛼(𝑣𝑣(𝑥𝑥)) as 𝛼𝛼(𝑣𝑣) and rearranging yields the following expression for optimal 
investment under non-commitment: 

𝑥𝑥 = 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐  

We know that: 

• 𝛼𝛼(𝑣𝑣) ≥ 0 ∀ 𝑣𝑣 (i.e., the regulator does not pay the operator); 

• 𝑣𝑣(𝑥𝑥) > 0 (i.e., the licence value is positive); and 

• 𝛼𝛼′(𝑣𝑣) > 0 (i.e., fees are positively success dependent). 

As a result: 

1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣) < 1 

⇒ 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐 < 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)

𝑐𝑐  

⇒ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 
value (owing to political pressure and/or through auction design), the operator will invest less than 
in a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee 
intensity is identical under commitment and non-commitment, the absence of commitment is 
sufficient to lower investment. 

4.4. Type 1 and Type 2 Spectrum 
The model developed so far treats the operator’s spectrum holding as a single homogeneous 
block. In practice, operators hold portfolios of spectrum where a core minimum is needed to 
continue operations and an incremental part adds capacity. This section extends the model to 
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We assume that success dependence is positive: 

𝛼𝛼′(𝑣𝑣(𝑥𝑥)) > 1 

This means the regulator is likely to be more extractive when spectrum licences are more valuable. 
This may arise, for example, owing to political pressure. 

The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥2 

The first-order condition is: 

𝑏𝑏 + 𝑣𝑣′(𝑥𝑥) − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑐𝑐𝑐𝑐 = 0 

Abbreviating 𝛼𝛼(𝑣𝑣(𝑥𝑥)) as 𝛼𝛼(𝑣𝑣) and rearranging yields the following expression for optimal 
investment under non-commitment: 

𝑥𝑥 = 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐  

We know that: 

• 𝛼𝛼(𝑣𝑣) ≥ 0 ∀ 𝑣𝑣 (i.e., the regulator does not pay the operator); 

• 𝑣𝑣(𝑥𝑥) > 0 (i.e., the licence value is positive); and 

• 𝛼𝛼′(𝑣𝑣) > 0 (i.e., fees are positively success dependent). 

As a result: 

1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣) < 1 

⇒ 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐 < 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)

𝑐𝑐  

⇒ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 
value (owing to political pressure and/or through auction design), the operator will invest less than 
in a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee 
intensity is identical under commitment and non-commitment, the absence of commitment is 
sufficient to lower investment. 

4.4. Type 1 and Type 2 Spectrum 
The model developed so far treats the operator’s spectrum holding as a single homogeneous 
block. In practice, operators hold portfolios of spectrum where a core minimum is needed to 
continue operations and an incremental part adds capacity. This section extends the model to 
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We assume that success dependence is positive: 

𝛼𝛼′(𝑣𝑣(𝑥𝑥)) > 1 

This means the regulator is likely to be more extractive when spectrum licences are more valuable. 
This may arise, for example, owing to political pressure. 

The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥2 

The first-order condition is: 

𝑏𝑏 + 𝑣𝑣′(𝑥𝑥) − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑐𝑐𝑐𝑐 = 0 

Abbreviating 𝛼𝛼(𝑣𝑣(𝑥𝑥)) as 𝛼𝛼(𝑣𝑣) and rearranging yields the following expression for optimal 
investment under non-commitment: 

𝑥𝑥 = 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐  

We know that: 

• 𝛼𝛼(𝑣𝑣) ≥ 0 ∀ 𝑣𝑣 (i.e., the regulator does not pay the operator); 

• 𝑣𝑣(𝑥𝑥) > 0 (i.e., the licence value is positive); and 

• 𝛼𝛼′(𝑣𝑣) > 0 (i.e., fees are positively success dependent). 

As a result: 

1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣) < 1 

⇒ 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐 < 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)

𝑐𝑐  

⇒ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 
value (owing to political pressure and/or through auction design), the operator will invest less than 
in a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee 
intensity is identical under commitment and non-commitment, the absence of commitment is 
sufficient to lower investment. 

4.4. Type 1 and Type 2 Spectrum 
The model developed so far treats the operator’s spectrum holding as a single homogeneous 
block. In practice, operators hold portfolios of spectrum where a core minimum is needed to 
continue operations and an incremental part adds capacity. This section extends the model to 
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We know that: 

•	 𝑣(𝑥) > 0 (i.e., the licence value is positive); and 

•	 𝛼′(𝑣) > 0 (i.e., fees are positively success dependent). 

As a result:

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 

value (owing to political pressure and/or through auction design), the operator will invest less than in 

a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee intensity 

is identical under commitment and non-commitment, the absence of commitment is sufficient to 

lower investment.

Type 1 and Type 2 Spectrum
The model developed so far treats the operator’s spectrum holding as a single homogeneous block. In 

practice, operators hold portfolios of spectrum where a core minimum is needed to continue operations 

and an incremental part adds capacity. This section extends the model to distinguish between these 

two types of spectrum and derives the implications for renewal regime design. The extension provides 

the analytical basis for two-stage award structures observed in recent regulatory practice.

Defining Type 1 and Type 2 Spectrum 
Type 1 spectrum is the core holding required for service viability. An operator without sufficient Type 

1 spectrum cannot provide a competitive service. It is the minimum holding necessary to operate a 

network. Operators build their networks around Type 1 spectrum (site grid and equipment). 

Type 2 spectrum is incremental spectrum beyond Type 1. It expands current capacity and supports 

differentiation, and/or provides future capacity expansion optionality, but is not required for service 

viability and continued survival. An operator exploits Type 2 spectrum by adding carriers to the 

existing site grid at low marginal cost. 
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We assume that success dependence is positive: 

𝛼𝛼′(𝑣𝑣(𝑥𝑥)) > 1 

This means the regulator is likely to be more extractive when spectrum licences are more valuable. 
This may arise, for example, owing to political pressure. 

The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥2 

The first-order condition is: 

𝑏𝑏 + 𝑣𝑣′(𝑥𝑥) − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑐𝑐𝑐𝑐 = 0 

Abbreviating 𝛼𝛼(𝑣𝑣(𝑥𝑥)) as 𝛼𝛼(𝑣𝑣) and rearranging yields the following expression for optimal 
investment under non-commitment: 

𝑥𝑥 = 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐  

We know that: 

• 𝛼𝛼(𝑣𝑣) ≥ 0 ∀ 𝑣𝑣 (i.e., the regulator does not pay the operator); 

• 𝑣𝑣(𝑥𝑥) > 0 (i.e., the licence value is positive); and 

• 𝛼𝛼′(𝑣𝑣) > 0 (i.e., fees are positively success dependent). 

As a result: 

1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣) < 1 

⇒ 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐 < 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)

𝑐𝑐  

⇒ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 
value (owing to political pressure and/or through auction design), the operator will invest less than 
in a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee 
intensity is identical under commitment and non-commitment, the absence of commitment is 
sufficient to lower investment. 

4.4. Type 1 and Type 2 Spectrum 
The model developed so far treats the operator’s spectrum holding as a single homogeneous 
block. In practice, operators hold portfolios of spectrum where a core minimum is needed to 
continue operations and an incremental part adds capacity. This section extends the model to 
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We assume that success dependence is positive: 

𝛼𝛼′(𝑣𝑣(𝑥𝑥)) > 1 

This means the regulator is likely to be more extractive when spectrum licences are more valuable. 
This may arise, for example, owing to political pressure. 

The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥2 

The first-order condition is: 

𝑏𝑏 + 𝑣𝑣′(𝑥𝑥) − 𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥) − 𝑐𝑐𝑐𝑐 = 0 

Abbreviating 𝛼𝛼(𝑣𝑣(𝑥𝑥)) as 𝛼𝛼(𝑣𝑣) and rearranging yields the following expression for optimal 
investment under non-commitment: 

𝑥𝑥 = 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐  

We know that: 

• 𝛼𝛼(𝑣𝑣) ≥ 0 ∀ 𝑣𝑣 (i.e., the regulator does not pay the operator); 

• 𝑣𝑣(𝑥𝑥) > 0 (i.e., the licence value is positive); and 

• 𝛼𝛼′(𝑣𝑣) > 0 (i.e., fees are positively success dependent). 

As a result: 

1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣) < 1 

⇒ 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)[1 − 𝛼𝛼(𝑣𝑣) − 𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐 < 𝑏𝑏 + 𝑣𝑣′(𝑥𝑥)

𝑐𝑐  

⇒ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 
value (owing to political pressure and/or through auction design), the operator will invest less than 
in a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee 
intensity is identical under commitment and non-commitment, the absence of commitment is 
sufficient to lower investment. 

4.4. Type 1 and Type 2 Spectrum 
The model developed so far treats the operator’s spectrum holding as a single homogeneous 
block. In practice, operators hold portfolios of spectrum where a core minimum is needed to 
continue operations and an incremental part adds capacity. This section extends the model to 

0
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We assume that success dependence is positive: 

𝛼𝛼′(𝑣𝑣(𝑥𝑥))>1 

This means the regulator is likely to be more extractive when spectrum licences are more valuable. 
This may arise, for example, owing to political pressure. 

The operator’s payoff is: 

𝜋𝜋(𝑥𝑥)=𝑏𝑏𝑏𝑏+(1−𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣(𝑥𝑥)−𝑐𝑐
2𝑥𝑥2 

The first-order condition is: 

𝑏𝑏+𝑣𝑣′(𝑥𝑥)−𝛼𝛼(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥)−𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣(𝑥𝑥))𝑣𝑣′(𝑥𝑥)−𝑐𝑐𝑐𝑐=0 

Abbreviating 𝛼𝛼(𝑣𝑣(𝑥𝑥)) as 𝛼𝛼(𝑣𝑣) and rearranging yields the following expression for optimal 
investment under non-commitment: 

𝑥𝑥=𝑏𝑏+𝑣𝑣′(𝑥𝑥)[1−𝛼𝛼(𝑣𝑣)−𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐 

We know that: 

• 𝛼𝛼(𝑣𝑣)≥0 ∀ 𝑣𝑣 (i.e., the regulator does not pay the operator); 

• 𝑣𝑣(𝑥𝑥)>0 (i.e., the licence value is positive); and 

• 𝛼𝛼′(𝑣𝑣)>0 (i.e., fees are positively success dependent). 

As a result: 

1−𝛼𝛼(𝑣𝑣)−𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)<1 

⇒𝑏𝑏+𝑣𝑣′(𝑥𝑥)[1−𝛼𝛼(𝑣𝑣)−𝑣𝑣(𝑥𝑥)𝛼𝛼′(𝑣𝑣)]
𝑐𝑐<𝑏𝑏+𝑣𝑣′(𝑥𝑥)

𝑐𝑐 

⇒𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐<𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

If the mobile operator expects the regulator to vary fee intensity positively with ex-post market 
value (owing to political pressure and/or through auction design), the operator will invest less than 
in a world where the regulator commits to a fixed fee intensity ex ante. Even when realized fee 
intensity is identical under commitment and non-commitment, the absence of commitment is 
sufficient to lower investment. 

4.4. Type 1 and Type 2 Spectrum 
The model developed so far treats the operator’s spectrum holding as a single homogeneous 
block. In practice, operators hold portfolios of spectrum where a core minimum is needed to 
continue operations and an incremental part adds capacity. This section extends the model to 

𝑏 � 𝑣' �𝑥�[1 − α�𝑣�]
c
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where 𝛼 =  𝛼1𝑞1 + 𝛼2𝑞2 is the weighted-average fee intensity. 

The best response is:

Investment in the network affects the value to operators of Type 1 spectrum more than the value 

to operators of Type 2 spectrum. Even if the two types are in the same band, the value of Type 1 

spectrum is greater than that of Type 2 spectrum. This is consistent with a downward sloping demand 

curve. Put differently, there is a higher willingness to pay for Type 1 spectrum; if spectrum availability 

was curtailed at the volume of Type 1 spectrum, this higher willingness to pay would be reflected in a 

higher market price.

Model 
The operator invests 𝑥 in building its network around Type 1 spectrum. There is no separate material 

investment in Type 2 spectrum. The cost of investment, the private benefit, and the external social 

value are in the model from the previous “Optimal Pre-Committed Fee Intensity” section. 

The operator’s total holding comprises a Type 1 share q1 and a Type 2 share q2 = 1 − q1 of the total 

bandwidth. The market value of the total holding is 𝑣(𝑥) = 𝑣0 + 𝜆𝑥. Because both types of spectrum 

are in the same band, there is a common market price per MHz. The market value is related to the 

operator’s investment in its network. 

At renewal, the regulator applies fee intensity 𝛼1 to the Type 1 share and 𝛼2 to the Type 2 share. The 

operator’s payoff is:

The welfare function extends the “Optimal Pre-Committed Fee Intensity” section by allowing 

separate allocative-discipline costs for each spectrum type:

Mobile Spectrum Renewals – The Case for Regulatory Pre-
Commitment 

Renewal Fee Intensity as an Investment Instrument 

  
  

© NERA 14 

distinguish between these two types of spectrum and derives the implications for renewal regime 
design. The extension provides the analytical basis for two-stage award structures observed in 
recent regulatory practice. 

Defining Type 1 and Type 2 Spectrum 

Type 1 spectrum is the core holding required for service viability. An operator without sufficient 
Type 1 spectrum cannot provide a competitive service. It is the minimum holding necessary to 
operate a network. Operators build their networks around Type 1 spectrum (site grid and 
equipment). 

Type 2 spectrum is incremental spectrum beyond Type 1. It expands current capacity and supports 
differentiation, and/or provides future capacity expansion optionality, but is not required for 
service viability and continued survival. An operator exploits Type 2 spectrum by adding carriers to 
the existing site grid at low marginal cost. 

Investment in the network affects the value to operators of Type 1 spectrum more than the value 
to operators of Type 2 spectrum. Even if the two types are in the same band, the value of Type 1 
spectrum is greater than that of Type 2 spectrum. This is consistent with a downward sloping 
demand curve. Put differently, there is a higher willingness to pay for Type 1 spectrum; if spectrum 
availability was curtailed at the volume of Type 1 spectrum, this higher willingness to pay would be 
reflected in a higher market price. 

Model 

The operator invests 𝑥𝑥 in building its network around Type 1 spectrum. There is no separate 
material investment in Type 2 spectrum. The cost of investment, the private benefit, and the 
external social value are as in the model from the previous “Optimal Pre-Committed Fee Intensity” 
section. 

The operator’s total holding comprises a Type 1 share 𝑞𝑞1 and a Type 2 share 𝑞𝑞2 = 1 − 𝑞𝑞1 of the 
total bandwidth. The market value of the total holding is 𝑣𝑣(𝑥𝑥) = 𝑣𝑣0 + 𝜆𝜆𝜆𝜆. Because both types of 
spectrum are in the same band, there is a common market price per MHz. The market value is 
related to the operator’s investment in its network. 

At renewal, the regulator applies fee intensity 𝛼𝛼1 to the Type 1 share and 𝛼𝛼2 to the Type 2 share. 
The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼̄𝛼)𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2𝑥𝑥

2 

where 𝛼̄𝛼 = 𝛼𝛼1𝑞𝑞1 + 𝛼𝛼2𝑞𝑞2 is the weighted-average fee intensity. 

The best response is: 

𝑥𝑥∗ = 𝑏𝑏 + (1 − 𝛼̄𝛼)𝜆𝜆
𝑐𝑐  

The welfare function extends the “Optimal Pre-Committed Fee Intensity” section by allowing 
separate allocative-discipline costs for each spectrum type: 
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distinguish between these two types of spectrum and derives the implications for renewal regime 
design. The extension provides the analytical basis for two-stage award structures observed in 
recent regulatory practice. 

Defining Type 1 and Type 2 Spectrum 

Type 1 spectrum is the core holding required for service viability. An operator without sufficient 
Type 1 spectrum cannot provide a competitive service. It is the minimum holding necessary to 
operate a network. Operators build their networks around Type 1 spectrum (site grid and 
equipment). 

Type 2 spectrum is incremental spectrum beyond Type 1. It expands current capacity and supports 
differentiation, and/or provides future capacity expansion optionality, but is not required for 
service viability and continued survival. An operator exploits Type 2 spectrum by adding carriers to 
the existing site grid at low marginal cost. 

Investment in the network affects the value to operators of Type 1 spectrum more than the value 
to operators of Type 2 spectrum. Even if the two types are in the same band, the value of Type 1 
spectrum is greater than that of Type 2 spectrum. This is consistent with a downward sloping 
demand curve. Put differently, there is a higher willingness to pay for Type 1 spectrum; if spectrum 
availability was curtailed at the volume of Type 1 spectrum, this higher willingness to pay would be 
reflected in a higher market price. 

Model 

The operator invests 𝑥𝑥 in building its network around Type 1 spectrum. There is no separate 
material investment in Type 2 spectrum. The cost of investment, the private benefit, and the 
external social value are as in the model from the previous “Optimal Pre-Committed Fee Intensity” 
section. 

The operator’s total holding comprises a Type 1 share 𝑞𝑞1 and a Type 2 share 𝑞𝑞2 = 1 − 𝑞𝑞1 of the 
total bandwidth. The market value of the total holding is 𝑣𝑣(𝑥𝑥) = 𝑣𝑣0 + 𝜆𝜆𝜆𝜆. Because both types of 
spectrum are in the same band, there is a common market price per MHz. The market value is 
related to the operator’s investment in its network. 

At renewal, the regulator applies fee intensity 𝛼𝛼1 to the Type 1 share and 𝛼𝛼2 to the Type 2 share. 
The operator’s payoff is: 

𝜋𝜋(𝑥𝑥) = 𝑏𝑏𝑏𝑏 + (1 − 𝛼̄𝛼)𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2𝑥𝑥

2 

where 𝛼̄𝛼 = 𝛼𝛼1𝑞𝑞1 + 𝛼𝛼2𝑞𝑞2 is the weighted-average fee intensity. 

The best response is: 

𝑥𝑥∗ = 𝑏𝑏 + (1 − 𝛼̄𝛼)𝜆𝜆
𝑐𝑐  

The welfare function extends the “Optimal Pre-Committed Fee Intensity” section by allowing 
separate allocative-discipline costs for each spectrum type: Mobile Spectrum Renewals – The Case for Regulatory Pre-
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𝑊𝑊 = (𝑏𝑏 + 𝑠𝑠)𝑥𝑥 + 𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥

2 − 𝑑𝑑1
2 (1 − 𝛼𝛼1)2 −

𝑑𝑑2
2 (1 − 𝛼𝛼2)2 

Optimal Fee Intensities 

Taking the first-order condition for each fee intensity gives the following results: 
𝑞𝑞1𝜆𝜆
𝑐𝑐 (𝑠𝑠 + 𝛼̄𝛼𝜆𝜆) = 𝑑𝑑1(1 − 𝛼𝛼1) 

𝑞𝑞2𝜆𝜆
𝑐𝑐 (𝑠𝑠 + 𝛼̄𝛼𝜆𝜆) = 𝑑𝑑2(1 − 𝛼𝛼2) 

The left-hand side of each condition is the marginal welfare cost of raising the fee intensity on that 
type: A high fee intensity reduces the operator’s retained share of the market value and thereby 
reduces investment. This cost is proportional to the quantity share 𝑞𝑞𝑖𝑖 because a one-unit increase 
in 𝛼𝛼𝑖𝑖  raises the weighted-average fee intensity by 𝑞𝑞𝑖𝑖. The right-hand side is the marginal allocative-
discipline benefit of a higher fee. 

For notational convenience, define 𝐾𝐾 = 𝑞𝑞12/𝑑𝑑1 + 𝑞𝑞22/𝑑𝑑2, where 𝐾𝐾 is a composite parameter 
capturing the combined allocative-discipline effect across the two spectrum types, weighted by 
their quantity shares and discipline-cost parameters.  

Solving the two first-order conditions simultaneously then gives: 

𝛼𝛼1∗ = 1 − 𝑞𝑞1𝜆𝜆(𝜆𝜆 + 𝑠𝑠)
𝑑𝑑1(𝑐𝑐 + 𝐾𝐾𝜆𝜆2) , 𝛼𝛼2

∗ = 1 − 𝑞𝑞2𝜆𝜆(𝜆𝜆 + 𝑠𝑠)
𝑑𝑑2(𝑐𝑐 + 𝐾𝐾𝜆𝜆2) 

Both optimal fee intensities are below one, meaning the welfare-maximizing approach is to charge 
below full market value for both spectrum types. The discount reflects the investment externality: 
The operator’s investment creates social value 𝑠𝑠 per unit that the operator does not capture, and a 
fee below market value moves investment closer to the social optimum. 

Taking the difference between the two factors, we obtain: 

𝛼𝛼1∗ − 𝛼𝛼2∗ =
𝜆𝜆(𝜆𝜆 + 𝑠𝑠)(𝑑𝑑1𝑞𝑞2 − 𝑑𝑑2𝑞𝑞1)

𝑑𝑑1𝑑𝑑2(𝑐𝑐 + 𝐾𝐾𝜆𝜆2)  

The denominator and 𝜆𝜆(𝜆𝜆 + 𝑠𝑠) are strictly positive. The sign of the expression therefore depends 
only on (𝑑𝑑1𝑞𝑞2−𝑑𝑑2𝑞𝑞1). A positive sign would imply a higher optimal fee intensity for Type 1 than 
Type 2 spectrum, and a negative sign would imply the opposite. 

Proposition 

Both optimal fee intensities are below market value: 

𝛼𝛼1∗ < 1 and 𝛼𝛼2∗ < 1 

The optimal fee intensity is lower for Type 1 than for Type 2 spectrum, 𝛼𝛼1∗ < 𝛼𝛼2∗ , if and only if: 
𝑑𝑑2
𝑑𝑑1

> 𝑞𝑞2
𝑞𝑞1
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The left-hand side of each condition is the marginal welfare cost of raising the fee intensity on that 

type: A high fee intensity reduces the operator’s retained share of the market value and thereby 

reduces investment. This cost is proportional to the quantity share 𝑞𝑖 because a one-unit increase 

in 𝛼𝑖 raises the weighted-average fee intensity by 𝑞𝑖. The right-hand side is the marginal allocative-

discipline benefit of a higher fee. 

For notational convenience, define 𝐾=𝑞2/𝑑1 + 𝑞2/𝑑2, where K is a composite parameter capturing 

the combined allocative-discipline effect across the two spectrum types, weighted by their quantity 

shares and discipline-cost parameters.  

Solving the two first-order conditions simultaneously then gives:

Optimal Fee Intensities 
Taking the first-order condition for each fee intensity gives the following results:

Both optimal fee intensities are below one, meaning the welfare-maximizing approach is to charge 

below full market value for both spectrum types. The discount reflects the investment externality: 

The operator’s investment creates social value 𝑠 per unit that the operator does not capture, and a fee 

below market value moves investment closer to the social optimum. 

Taking the difference between the two factors, we obtain:

The denominator and 𝜆(𝜆+𝑠)are strictly positive. The sign of the expression therefore depends only 

on (𝑑1𝑞2− 𝑑2𝑞1). A positive sign would imply a higher optimal fee intensity for Type 1 than Type 2 

spectrum, and a negative sign would imply the opposite.
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𝑊𝑊 = (𝑏𝑏 + 𝑠𝑠)𝑥𝑥 + 𝑣𝑣(𝑥𝑥) − 𝑐𝑐
2 𝑥𝑥

2 − 𝑑𝑑1
2 (1 − 𝛼𝛼1)2 −

𝑑𝑑2
2 (1 − 𝛼𝛼2)2 

Optimal Fee Intensities 

Taking the first-order condition for each fee intensity gives the following results: 
𝑞𝑞1𝜆𝜆
𝑐𝑐 (𝑠𝑠 + 𝛼̄𝛼𝜆𝜆) = 𝑑𝑑1(1 − 𝛼𝛼1) 

𝑞𝑞2𝜆𝜆
𝑐𝑐 (𝑠𝑠 + 𝛼̄𝛼𝜆𝜆) = 𝑑𝑑2(1 − 𝛼𝛼2) 

The left-hand side of each condition is the marginal welfare cost of raising the fee intensity on that 
type: A high fee intensity reduces the operator’s retained share of the market value and thereby 
reduces investment. This cost is proportional to the quantity share 𝑞𝑞𝑖𝑖 because a one-unit increase 
in 𝛼𝛼𝑖𝑖  raises the weighted-average fee intensity by 𝑞𝑞𝑖𝑖. The right-hand side is the marginal allocative-
discipline benefit of a higher fee. 

For notational convenience, define 𝐾𝐾 = 𝑞𝑞12/𝑑𝑑1 + 𝑞𝑞22/𝑑𝑑2, where 𝐾𝐾 is a composite parameter 
capturing the combined allocative-discipline effect across the two spectrum types, weighted by 
their quantity shares and discipline-cost parameters.  

Solving the two first-order conditions simultaneously then gives: 

𝛼𝛼1∗ = 1 − 𝑞𝑞1𝜆𝜆(𝜆𝜆 + 𝑠𝑠)
𝑑𝑑1(𝑐𝑐 + 𝐾𝐾𝜆𝜆2) , 𝛼𝛼2

∗ = 1 − 𝑞𝑞2𝜆𝜆(𝜆𝜆 + 𝑠𝑠)
𝑑𝑑2(𝑐𝑐 + 𝐾𝐾𝜆𝜆2) 

Both optimal fee intensities are below one, meaning the welfare-maximizing approach is to charge 
below full market value for both spectrum types. The discount reflects the investment externality: 
The operator’s investment creates social value 𝑠𝑠 per unit that the operator does not capture, and a 
fee below market value moves investment closer to the social optimum. 

Taking the difference between the two factors, we obtain: 

𝛼𝛼1∗ − 𝛼𝛼2∗ =
𝜆𝜆(𝜆𝜆 + 𝑠𝑠)(𝑑𝑑1𝑞𝑞2 − 𝑑𝑑2𝑞𝑞1)

𝑑𝑑1𝑑𝑑2(𝑐𝑐 + 𝐾𝐾𝜆𝜆2)  

The denominator and 𝜆𝜆(𝜆𝜆 + 𝑠𝑠) are strictly positive. The sign of the expression therefore depends 
only on (𝑑𝑑1𝑞𝑞2−𝑑𝑑2𝑞𝑞1). A positive sign would imply a higher optimal fee intensity for Type 1 than 
Type 2 spectrum, and a negative sign would imply the opposite. 

Proposition 

Both optimal fee intensities are below market value: 

𝛼𝛼1∗ < 1 and 𝛼𝛼2∗ < 1 

The optimal fee intensity is lower for Type 1 than for Type 2 spectrum, 𝛼𝛼1∗ < 𝛼𝛼2∗ , if and only if: 
𝑑𝑑2
𝑑𝑑1

> 𝑞𝑞2
𝑞𝑞1
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Proposition 
Both optimal fee intensities are below market value:

The optimal fee intensity is lower for Type 1 than for Type 2 spectrum, 𝛼∗ < 𝛼∗, if and only if:

The condition requires the ratio of allocative-discipline costs to exceed the ratio of quantity shares.

The quantity-share ratio is relevant because the investment-distortion cost of raising the Type 1 fee 

is proportional to 𝑞1: A one-unit increase in 𝛼1 raises the weighted-average fee intensity by 𝑞1, and a

larger 𝑞1 means a larger effect on investment. The regulator therefore faces a higher investment cost

per unit of Type 1 fee intensity and a correspondingly stronger reason to keep it low. 

The condition is satisfied in all configurations in which the core holding is at least half the total 

bandwidth (𝑞1 ≥ 𝑞2, so 𝑞2/𝑞1 ≤ 1) and the per-unit allocative-discipline cost is at least as high for

incremental spectrum as for core spectrum (𝑑2 ≥ 𝑑1). Where the core holding is a smaller share, the

discipline-cost ratio must be correspondingly higher. For example, for a 2x30 MHz band with a 2×20 

MHz core and 2×10 MHz increment (𝑞1 = 2/3, 𝑞2 = 1/3), the threshold is 𝑑2/𝑑1 > 1/2. For a band with

a 2×15 MHz core and 2×15 MHz increment (𝑞1 = 𝑞2 = 1/2), the threshold is 𝑑2/𝑑1 > 1.

The condition requires that the allocative-discipline cost, per unit of quantity, is higher for Type 2 than 

for Type 1 spectrum. The economic case rests on the alternative use of each type:

• For Type 1 holdings, the alternative use case is service by an operator that acquires the core

assignment. To realise comparable value, the alternative operator would need to replicate the

incumbent’s site infrastructure, antenna systems, and core network integration. The likelihood an

alternative assignment would be more efficient is correspondingly low. The allocative-discipline

cost of a fee discount on Type 1 spectrum is therefore limited.

• For Type 2 holdings, the alternative use case is incremental capacity for any operator with existing

core holdings (or otherwise some form of new entrant business case). An alternative operator

can add carriers to its own site grid without replicating the incumbent’s core investment. The

probability an alternative assignment would generate higher value is therefore higher, and the

allocative cost of shielding the incumbent from competitive pressure is correspondingly higher.
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Optimal Fee Intensities

Taking the first-order condition for each fee intensity gives the following results:
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The left-hand side of each condition is the marginal welfare cost of raising the fee intensity on that 
type: A high fee intensity reduces the operator’s retained share of the market value and thereby
reduces investment. This cost is proportional to the quantity share 𝑞𝑞𝑖𝑖 because a one-unit increase 
in 𝛼𝛼𝑖𝑖 raises the weighted-average fee intensity by 𝑞𝑞𝑖𝑖. The right-hand side is the marginal allocative-
discipline benefit of a higher fee.

For notational convenience, define 𝐾𝐾 = 𝑞𝑞12/𝑑𝑑1 + 𝑞𝑞22/𝑑𝑑2, where 𝐾𝐾 is a composite parameter
capturing the combined allocative-discipline effect across the two spectrum types, weighted by
their quantity shares and discipline-cost parameters.

Solving the two first-order conditions simultaneously then gives:

𝛼𝛼1∗ = 1 − 𝑞𝑞1𝜆𝜆(𝜆𝜆 + 𝑠𝑠)
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𝑑𝑑2(𝑐𝑐 + 𝐾𝐾𝜆𝜆2)

Both optimal fee intensities are below one, meaning the welfare-maximizing approach is to charge 
below full market value for both spectrum types. The discount reflects the investment externality:
The operator’s investment creates social value 𝑠𝑠 per unit that the operator does not capture, and a
fee below market value moves investment closer to the social optimum.

Taking the difference between the two factors, we obtain:

𝛼𝛼1∗ − 𝛼𝛼2∗ =
𝜆𝜆(𝜆𝜆 + 𝑠𝑠)(𝑑𝑑1𝑞𝑞2 − 𝑑𝑑2𝑞𝑞1)
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The denominator and 𝜆𝜆(𝜆𝜆 + 𝑠𝑠) are strictly positive. The sign of the expression therefore depends
only on (𝑑𝑑1𝑞𝑞2−𝑑𝑑2𝑞𝑞1). A positive sign would imply a higher optimal fee intensity for Type 1 than 
Type 2 spectrum, and a negative sign would imply the opposite.

Proposition

Both optimal fee intensities are below market value:

𝛼𝛼1∗ < 1 and 𝛼𝛼2∗ < 1

The optimal fee intensity is lower for Type 1 than for Type 2 spectrum, 𝛼𝛼1∗ < 𝛼𝛼2∗ , if and only if:
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Two-Stage Award Design 
The differential fee intensities can be achieved in a two-stage award design: 

•	 The first stage applies a low pre-committed fee to the Type 1 quantity for each operator, with a 

right of first refusal.

•	 The second stage applies competitive assignment, at a higher fee intensity, to spectrum beyond the 

Type 1 threshold. 

This design preserves investment incentives for the holdings around which the network is built while 

retaining allocative discipline for incremental holdings in which alternative demand is more credible. 

Recent renewal processes, for example France 3500 MHz (2020), Denmark multi-band (2021), 

Belgium multi-band (2022), and Switzerland multi-band (2027, forthcoming), show that regulators 

are indeed exploring two-stage structures that distinguish between continuity for core holdings 

and competitive assignment of residual spectrum. While the model suggests such a structure is 

appropriate, a further policy question is how the boundary between core and residual spectrum 

should be drawn. This demarcation should be based on a technical and competition-based assessment 

of the spectrum required to support a viable mobile network, taking account of existing network 

architecture, spectrum substitutability, and the implications for downstream competition. 

Implications for First-Stage Fee-Setting 
The optimal Type 1 fee intensity 𝛼∗ is below 𝛼∗ and below 1 where the externality and value-sensitivity 

parameters are material. The renewal price applied to Type 1 spectrum in the first stage should be 

well below the market value of the spectrum to provide incentives for socially optimal investment. 

The proposition that the first stage should carry a certainty premium because it relieves the operator 

of competitive risk inverts this analytical conclusion. The first stage exists because the holdings 

around which the network is built are not appropriate subjects for competitive reassignment at 

renewal. Pricing them at a premium for the absence of competition reintroduces the appropriation the 

design is intended to prevent. 

The framework is consistent with the EU regulatory architecture. The European Electronic 

Communications Code requires regulators to promote efficient investment and apply spectrum 

management decisions that are proportionate and predictable. A two-stage design with a low first-

stage fee for Type 1 spectrum and a competitive second stage for Type 2 spectrum is a structured 

application of these requirements.

1 2
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CONCLUSION 
The standard rationale for re-auctioning spectrum at expiry rests on a static efficiency argument. The 

auction reveals the operator with the highest current valuation and assigns the licence accordingly. 

The argument is sound where investment incentives are independent of the renewal rule. Where they 

are not, the rationale is incomplete. Investment in the network during the licence term is sunk and 

at least partially specific to the holding. The market value of the licence at expiry is itself a function 

of that investment. An auction at expiry therefore appropriates a share of the value created by the 

operator before expiry. The operator anticipates this and reduces investment accordingly. The cost is 

borne not by the operator but by the users who would have benefited from the additional investment. 

The model derives the implication formally. Where private returns to investment fall short of social 

returns, and where the licence value at expiry depends on investment during the term, the optimal 

pre-committed fee intensity is below full market value. The result holds for any specification of the value 

function with a positive marginal effect of investment. A regime that promises a discount on the spectrum 

around which the network is built therefore provides better incentives for socially optimal investment 

than a regime that auctions all holdings at expiry. The pre-committed discount should be material, but the 

fee should remain high enough to preserve a meaningful opportunity cost of holding the spectrum. 

The case for renewal at a discount is not symmetric across spectrum types. For Type 1 spectrum, the 

holdings around which network architecture is built, the conditions favour renewal at a substantial 

discount: External benefits are high, investment specificity is high, and credible alternative demand 

is limited. For Type 2 spectrum, incremental capacity holdings beyond the viability threshold, market 

mechanisms may be more appropriate: External benefits are lower, alternative bidders may value 

the spectrum at or above the incumbent’s valuation, and the allocative cost of departing from 

competitive pricing is correspondingly higher. Two-stage award designs operationalise this distinction 

by combining renewal of core holdings with competitive assignment of residual spectrum. 

The result on regulatory commitment is distinct from the result on the optimal pre-committed fee 

levels. Even where the expected fee intensity at expiry equals the welfare-maximising level, the 

absence of commitment lowers investment relative to the pre-commitment case. The operator 

anticipates that a successful investment will raise the realised fee and reduces investment to a level 

below that which a credible pre-commitment would deliver. The implication is that the renewal regime 

must be correctly calibrated and credible at the point of investment. Regimes that rely on case-by-

case administrative determination at expiry deliver neither. 

Taken together, these results suggest the burden of justification in renewal decisions should shift. 

Current practice in many jurisdictions treats re-auction at expiry as the default and renewal at a 

discount to full market value as the exception requiring justification. Our model implies the converse. 

Where investment externalities are material, where investment specificity is high, and where credible 

alternative demand for Type 1 spectrum is limited, renewal at a moderate pre-committed fee is 

the welfare-maximising default. Re-auction should be the exception requiring justification, and the 

justification turns on the parameters of the case rather than on a general presumption in favour of 

competitive assignment. The framework developed in this paper provides the structure within which 

that justification can be assessed.
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1	 The term full market value of the licence refers to the economic value of retaining the spectrum licence at renewal,  
given the operator’s investment.
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