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QUESTIONS

1. What is the optimal market structure in mobile telecom?

2. What is the welfare impact of network sharing? 

3. What is the impact of shared infrastructure in terms of connectivity
and inclusion?
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Optimal Market Structure 

• Based on 

‘‘Market Structure, Investment and Technical Efficiencies in Mobile 
Telecommunications’’ 

Co-authored with J. Elliott, G. Houngbonon and P. Scott

Already available on website of Journal of Political Economy
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• Competition policy: Impact of market power and scale efficiencies in 
merger analysis

• Regulation policy: Impact of spectrum allocation on market structure

➢ Trade-off quality – price

➢ Trade-off between more concentration vs more competition
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Motivations



1. French mobile telecommunications market

2. Data

3. Competition model in prices, quality and infrastructure

➢ Key component: Engineering relationships

4. Simulations
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A structural econometric analysis



1. 4 MNOs

2. Some sharing infrastructure with MVNOs

3. In 2015

• 90% of population over 12 has a mobile

• 4G largely deployed
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French Telecommunications Market



• Detailed municipality-product-level data for all customers from Orange 

• Aggregate (national) market shares for other operators

• Full menu of contracts for each operator obtained from catalogs

• Firm-municipality download speeds from Ookla

• Demographic information from INSEE

• Detailed infrastructure data (publicly available) from ANFR
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Data
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Download speed
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Demand and quality
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Infrastructure data



• Demand

➢ Consumers choose phone plan to subscribe to and how much data to consume
given prices and download speeds

• Data Transmission

➢ Engineering relationships determine download speeds given infrastructure 
investment and data consumption

• Firm Competition

➢ Firms choose prices and infrastructure investments (# of stations) given bandwith
allocation and download speeds
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Competition model 



• Discrete-continuous choices

➢ Choice of how much data consumption, based on download speeds, data limit, consumer type, 
and an idiosyncratic monthly shock

➢ Choice of firm and contract anticipating optimal data consumption

• Utility function has terms for price, value of data consumption, dummy for unlimited 
voice allowance

• Mixed nested logit

➢ Coefficients on price, value of data are function of income

➢ Outside option has its own nest
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Demand model 
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Demand model 



• Not much price variation

• Estimation under the constraint to recover reasonable estimates of elasticities 
published in the literature

• Important role of variability in market shares, income distribution and data 
consumption
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Estimation of demand model 
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Estimation of demand model 



• Define the size of each cell (radius)

➢ Given the size of a territory and the number of stations
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Data transmission (Engineering model)



• The maximum rate of data transmission is function of the radius

➢ Shannon-Hartley theorem
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Data transmission

• The maximum download speed depends on

➢ The rate of data transmission

➢ The size of cells (radius)
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Data transmission

• The delivered download speed is the result of

➢ The maximum download speed 

➢ The requested download speed (the observed data consumption per base 
station)
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Economies of density



21

Economies of density
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Economies of density
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Economies of density
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Urban vs Rural / Dense vs Scarce



25

Economies of density
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Economies of pooling
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Economies of pooling
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Economies of pooling
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Economies of pooling
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Competition in price

• Second stage

➢ Choose the  prices given the number of stations, download speeds and bandwith



31

Competition in infrastructure

• First stage

➢ Choose the number of stations given prices and download speeds
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Cost estimates



Simulation: Optimal Number of Firms
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• Increase the number of operators assuming a symmetric distribution of bandwidth

➢ Reprentative contracts

➢ Representative territory (not much effect of the density)
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Simulation: Social Value of Spectrum
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• WTP for spectrum = 5 times lower than its social value



Impact of network sharing

Based on 
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Case AT.40305 Network Sharing Czech Republic

• Economic studies with NERA Economic Consulting



Mobile Telecommunications Network
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The technology
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The roll-out of mobile telecommunications networks

With increased demand for data intensive services

1. Full deployment of the spectrum
2. Use other capacity-enhancing technologies
3. Increase the number of base stations (ie, densify the network)

▪ Costly
▪ Write Network Sharing Agreement

▪ Different levels of network sharing
▪ Different ways to deploy and operate the network
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Network Sharing Agreement
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The technology concerned by the NSA
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The technology and the type of NSA
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The technology and the type of NSA
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NSA in Europe
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3 NSAs 2 NSAs 1 NSA

0 NSAs Not EU27+UK

MORAN: Multi-Operator Radio Access Network
MOCN: Multi-Operator Core Network



The NSA in Czech Republic

▪ 3 MNOs (= 99% of the market)
▪ O2 - TM – Vodafone

▪ Passive and active sharing between O2 and TM
▪ 2G/3G agreement in October 2013
▪ 4G/LTE agreement in May 2014

▪ Geo-split
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The scope for an economic analysis
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Effects of NSA on prices, quality and consumer welfare

▪ Issues
▪ Cooperation on investment Impact on quality and prices

▪ Competition on prices and quality Impact on investment

▪ Questions
▪ Does cooperation driving the market away from the competitive outcome?

▪ Is the NSA welfare enhancing compared to a counterfactual without NSA? 
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Potential pro-competitive effects
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No Duplication of Infrastructure

Lower cost of infrastructure

Passthrough

Lower prices

Denser networks

Higher quality



Potential pro-competitive effects
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Similar network quality

More intense price competition

Lower prices



Potential anti-competitive effects

▪ Exchange of information Co-ordination for higher prices

▪ Negotiation on technologies Lower network quality

▪ Geographic impact
▪ Less densely versus high densily areas
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Effect of CZ NSA on prices

52



Methodology

▪ Benchmarking (DiD) on the expenditure on baskets of telecoms services
▪ CZ versus European countries with no NSA

▪ Quarterly data from Teligen database from 2010 to 2019
▪ Tariffs of two biggest MNOs per country for 36 countries
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OECD (2010, 2012) Usage Basket Volumes 

for Monthly Consumption

Basket Name Calls SMS Data

----(Mb)----

OECD1 30      100    100    

OECD2 100    140    500    

OECD3 300    225    1,000 

OECD4 900    350    2,000 

OECD5 100    140    2,000 

Source: OECD (2010, 2012).



Model
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–The effect of the NSAs on prices in the Czech Republic

–The overall evolution of prices in the Czech Republic 

–The overall evolution of counterfactual prices (i.e., prices in the countries of the control group)

–Demand and supply changes that impact both prices in the Czech Republic and the counterfactual prices

–The heterogeneity between operators and the prices that they charge



Results
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Effect of CZ NSA on quality
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Methodology

▪ Change in quality index before & after the NSA
▪ Download speed
▪ Upload speed
▪ Latency

▪ Quaterly data from Ookla database from 2010 to 2019

▪ DID analysis not implementable
▪ Possible candidates for control group

▪ Vodafone but impacted by the NSA
▪ Prague and Brno but cannot allow to disentangle NSA and 4G effects
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Model
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Results

59

After the NSAs :

–Download speed increased on average between 22 and 26%

–Upload speed increased on average between 52 and 62%

–Network latency decreased on average between 27 and 30%



Effect of CZ NSA on consumer welfare
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Methodology

▪ A price-quality strategic model with differentiated products
▪ Hypothesis: Static equilibrium

▪ Investment is exogenous
▪ Investment affects access and quality costs

▪ Possible equilibria
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A strategic model in prices and quality

▪ Possible equilibria
▪ Timing

▪ Simultaneous: price and quality are simultaneously chosen
▪ Sequential: quality first and then price

▪ Behavior
▪ Competition in price and quality
▪ Coopetition (Hybrid)

▪ Cooperation on quality
▪ Competition on prices
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Demand
▪ A nested logit demand model

▪ Probability to access network of operator i
▪ Measured by the market share of operator in terms of number of subscribers per operator

per year

▪ Products
▪ O2, TM, VOD (Vodafone)
▪ Outside good

▪ Market size
▪ Twice the Czech population of 16 years or older

▪ Observed penetration rate of wireless services in CZ above 140 % 
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Demand

▪ Trade-off quality – price
▪ A representative user is willing to pay €0.66 for one additional Mbit/s of download 

speed

▪ Price elasticities
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Supply
▪ Operating profits of each MNO

▪ Variable cost
▪ Constant marginal cost of access
▪ Variable marginal cost of quality

▪ Fixed cost
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▪ Write the FOCs associated to
▪ Competition equilibrium
▪ Coopetition (or hybrid) equilibrium

▪ Recover marginal costs
▪ Access
▪ Quality

▪ Determine how costs are affected by the NSA

Supply
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Cost models
▪ Marginal cost of access

▪ Quality cost parameter
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Simulation
▪ Marginal cost of access absent of NSA
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Counterfactual results with no NSA
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Impact of shared infrastructure in terms of 
connectivity and inclusion 

Based on 
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‘‘The impact of Shared Telecom Infrastructure on Digital Connectivity in 
Developing Countries’’

Co-authored with G. Houngbonon, E. Palikot and D. Stusani



The towerco business model

▪ A ‘‘tower’’ company builds and owns the infrastructure
▪ Example: Joint venture of telecom service providers

▪ The telecom service providers have commercial contracts with the towerco

The towerco business model is 
gaining momentum across developing countries

In 2020
three in four mobile towers in emerging markets

are managed by towercos
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▪ Data on 137 developing countries (2008 – 2020)

Methodology
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▪ Data on 137 developing countries (2008 – 2020)

Methodology
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▪ DiD with different timing of treatment (Callaway Sant Anna, 2021)

▪ Key estimate: Average treatment effect of the treated (ATT)

Methodology
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Results
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Results
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Concluding remarks
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Main findings

▪ The welfare-maximizing number of mobile telecoms operators is 4.

▪ Even in a market with 3 MNOs (almost symmetric), the NSA between 2 operators
is enhancing the consumer welfare

▪ Shared telecom infrastructure does 

▪ does increase access to connectivity by increasing availability and improving 
affordability

▪ does also supports digital inclusion by increasing access to connectivity for 
women and people living in rural areas.
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Policy implications

▪ Regulatory authorities should encourage NSAs among telecom operators for the 
deployment of mobile telecoms technologies

▪ In developing countries, shared infrastructure is a viable option to enable 
universal access to quality connectivity



Thank you for your attention!
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