
An Open Access Wireless Market
Supporting Competition, Public Safety, and Universal Service

Peter Cramton
University of Maryland, European University Institute, 

and University of Cologne
Linda Doyle

Trinity College Dublin

2 March 2016
1



From monopoly to vibrant competition

Monopoly
• Original “Ma Bell” telecommunications

Oligopoly

• Spectrum auctions
• Mobile communications

Competition

• Open access wireless market
• Internet ecosystem of innovation
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The time is right

• Global technology standard: LTE
– Ability to disaggregate and reassign network resources

• Flexibility as an enabler
– Handsets now support about 40 bands
– Basestation now software defined

• Demand heterogeneity
– Expanding applications: Internet of Things,…

• Benefits of sharing scarce resources
– Towers, spectrum, network
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Market objectives

• Efficiency
• Transparency
• Simplicity
• Fairness
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Draw on best practice from existing 
time and locational markets



Key market principle: open access

• Network is open to all
• Nondiscriminatory terms
• Network capacity cannot be withheld
⇒Efficient congestion pricing

• Basis for restructured electricity markets in 
US, Europe, …

5



Mobile networks

Open access 
network

(ISO)

Proprietary 
network 1

(MNO1)

Proprietary 
network 2

(MNO2)

Service providers
Mobile virtual 

network operator 
(MVNO)

MNO1

MNO2

Users/devices
A B C D E F G

Retail 
market

Wholesale 
market
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Same market model as electricity
successfully operating for two decades



Product design

• Product should be directly valued by 
consumer
– Network throughput at particular location and 

time interval
– A market for throughput not spectrum
– Energy (MWh) in an electricity market

• Aggregation in both time and location to 
simplify and improve liquidity
– Example: Particular cell over one hour (GB/h) 
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Price
($/GB)

Quantity
(GB/h)

P*

Q*

Demand

Supply

Winning 
buyers

Winning 
sellers

Clearing 
price

Quantity traded

All markets use single-price auction
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Hourly 
area A

Hourly 
area B

Hourly 
area J

…

Hour 7 Hour 15 Hour 3

On peak Off peak

Demand
Low Medium HighMonthly area M

Multiple opportunities to trade:
Yearly, monthly, hourly
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Yearly aggregates monthly aggregates hourly in time and location



Hourly
area B

Hourly
area A …

Hourly
area Z

Monthly area red

Monthly area blue

Monthly area green

Yearly area 

Forward market area aggregation
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5 GB5 GB

5 GB 10 GB

10 GB5 GB

5 GB 5GB

5 GB5 GB

15 GB 15 GB

10 GB10 GB

5 GB 5 GB

5 GB5 GB

5 GB 5 GB

5 GB10 GB

5 GB 5 GB

Yearly auction = buy 165 GB per hour, for every peak hour in the year, 
in the yearly area

Service provider estimates demand 
and stages purchase in three markets
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4 GB4 GB

4 GB 9 GB

9 GB4 GB

4 GB 7GB

7 GB4GB

17 GB 17 GB

12 GB12 GB

7 GB 7GB

8 GB8 GB

8 GB 8 GB

8 GB12 GB

7 GB 8 GB

Monthly auction = sell 8 GB per hour,  for every peak 
hour in the month, in the red area

Monthly auction = buy 15 GB per hour, for every peak 
hour in the month, in the green area

Yearly auction = buy 165 GB per hour, for every peak hour in the year, 
in the yearly area

Monthly auction = buy 20 GB per hour, for every peak hour 
in the month, for the blue area

Refine estimate and make adjustment in monthly market
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8 GB

Hour Change Net

07 Buy 3 GB 11 GB

08 Sell 2 GB 6 GB

… … …

17 Buy 1 GB 9 GB

Hourly area H 
Peak hour product

Finalize estimate one hour ahead and 
make final adjustment to demand
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12 1 2 3 4 5 6 7 8 9 10 11 12 1

2016 2017 2018

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Yearly product

Monthly product for 2017

Day of month in April 2017

Hourly product for 5 April 2017

Y

M M M M M M M M M M M M

Y

M

= Auction conducted in December for yearly products
= Auction conducted last week of each month for monthly products
= Auction conducted every hour for hourly products

H HH H HH H HH H HH H HH H HH H HH H HH

H

Product and auction hierarchy
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Yearly
auction

Monthly 
auctions

Hour 
ahead 

auction

Hourly 
realization 

Buy 8 GB
in each hour

April:
Sell 1 GB
7 GB net

April 5, hour 15: 
Buy 3 GB
10 GB net

April 5, hour 15: 
-1 GB deviation
9 GB demand

Example

Sequence of auctions

• Three opportunities to trade
– Reduces risk of service provider
– Facilitates planning of service provider
– Provides price transparency
– Mitigates market power
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Prototype auction platform

• To illustrate market
• Demonstrate proof of concept
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Auction design

• Uniform-price auction for each product
• Preferences expressed as piecewise-linear 

strictly-decreasing demand curves
– Consistent with underlying preferences
– Unique clearing prices and quantities

• Yearly and monthly auctions: 
simultaneous ascending clock

• Hourly auction: sealed bid
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Sample demand for bidder
Manhattan (peak) monthly
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Bidder’s screen of supply and demand
Manhattan (peak) monthly
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Auctioneer’s screen of supply and demand
Manhattan (peak) monthly
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Addressing hourly deviations between 
actual and purchased demand

• Neither system operator nor service provider 
can control demand perfectly to assure 
quantity consumed = quantity won

• Deviations are inevitable
• Final settlement should motivate service 

providers to limit deviations
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Hourly settlement for deviations
• 𝑝𝑝ℎ𝑘𝑘 = price in hour h in area k that balances as-bid demand with estimated supply
• 𝑞𝑞𝑖𝑖ℎ𝑘𝑘 = total quantity bought by bidder i in hour h in hourly area k

(includes yearly, monthly, and hourly net purchases)
• 𝑄𝑄𝑖𝑖ℎ𝑘𝑘 = actual quantity consumed by bidder i in hour h in hourly area k
• 𝐷𝐷𝑖𝑖ℎ𝑘𝑘 = 𝑄𝑄𝑖𝑖ℎ𝑘𝑘 − 𝑞𝑞𝑖𝑖ℎ𝑘𝑘 = deviation between actual quantity consumed and quantity 

bought
• Tolerance = percentage tolerance band (e.g., 10%);

no penalty if deviation is within Tolerance
• Penalty Factor = a factor that is applied to square deviations above Tolerance
• Adjustment for deviations in the real-time market is

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖ℎ𝑘𝑘 = 𝑝𝑝ℎ𝑘𝑘 × 𝐷𝐷𝑖𝑖ℎ𝑘𝑘 + 𝑃𝑃𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴𝑃𝑃𝑖𝑖ℎ𝑘𝑘 where

• 𝑃𝑃𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴𝑃𝑃𝑖𝑖ℎ𝑘𝑘 = �
0 𝑖𝑖𝑖𝑖 𝐷𝐷𝑖𝑖𝑖𝑖𝑖

𝑞𝑞𝑖𝑖𝑖𝑖𝑖
≤ 𝑇𝑇𝑇𝑇𝑃𝑃𝐴𝐴𝑇𝑇𝑃𝑃𝐴𝐴𝑇𝑇𝐴𝐴

𝑃𝑃𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴𝑃𝑃 𝐹𝐹𝑃𝑃𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇 × 𝑝𝑝ℎ𝑘𝑘 × 𝐷𝐷𝑖𝑖ℎ𝑘𝑘2 𝑖𝑖𝑖𝑖 𝐷𝐷𝑖𝑖𝑖𝑖𝑖
𝑞𝑞𝑖𝑖𝑖𝑖𝑖

> 𝑇𝑇𝑇𝑇𝑃𝑃𝐴𝐴𝑇𝑇𝑃𝑃𝐴𝐴𝑇𝑇𝐴𝐴
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Standard efficient settlement if deviation is within Tolerance;
penalty based on squared deviation outside of Tolerance to 
induce best estimate and control of demand to match winnings



Likely implementations
• Singapore (competition)

– 60 MHz set aside for new entrant; auction in 2016
• Mexico (competition)

– 90 MHz of 700 MHz set aside for open access
– RFP to select implementer in 2016

• United States (public safety)
– 20 MHz of 700 MHz set aside + $7 billion
– RFP to select implementer in 2016

• Australia (unsold spectrum)
– 20 MHz of 700 MHz unsold; could be used for open access

• European Union (merger remedy; e.g. UK: Three & O2)
– Proposed mergers leading from 4 to 3 carriers
– Merged entity allocates portion of network to open access
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Merger remedy: set aside portion of 
capacity to open access network

• Similar to recent 4-to-3 merger remedies in Germany and 
Ireland, but much more responsive to changing market
– Competitive forces determine identity and number of services 

providers
– Assignment and prices determined to maximize gains from trade 

in open competitive process
– Assignment and prices respond to changing market
– Market evolves with environment
– Merged entity receives competitive market value for network 

resource, and ongoing interest in success of service providers
• Similar to electricity merger remedy: auction portion of 

generation as “Virtual Power Plants” e.g. EDF 2001-2012
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Independent system operator

• Non-profit entity set up with simple mission
“To serve the public by operating a reliable 
and efficient market for open access mobile 
communications”

• Analogous to system or grid operator in 
wholesale electricity markets
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Tasks of independent system operator

• Qualifies market participants and establishes any limits on each 
participant’s bidding activities

• Reveals the yearly, monthly and hourly supply curves for the open 
access network

• Conducts the yearly auction
• Conducts the monthly auctions
• Conducts the real-time auctions
• Operates the open access market
• Settles all transactions on a monthly basis consistent with market 

rules and supply and demand realizations
• Provides information on market performance to market participants 

and the market monitor
• Improves the market as problems are identified
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Governance of market
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Communications 
regulator

Board of 
independent 

system operator

Independent 
system operator

Independent 
market monitor

Includes independent 
directors and directors 
affiliated with stakeholders



Spectrum auctions and competition policy

• Spectrum auctions still play an essential role in 
assigning and pricing new spectrum

• Competition policy will remain an issue, but 
can be addressed more simply and powerfully 
with open access
– Set aside some spectrum for the open access 

network
– Public receives value of spectrum, as determined 

over time in the open access network, rather than 
lump sum
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Conclusion

• Open access is the future of mobile 
communications

• Basis for time and location wholesale market
(similar to restructured electricity markets)

• Market coexists with existing proprietary 
networks

• Assures scarce network resource is used 
efficiently

• Addresses competition issues of existing markets
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Sample Screen Shots
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