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* Introduction
- Phases of spectrum management
- Rationale for market mechanisms
- Extending the reach of market mechanisms

« Market mechanisms in the allocation and policy

phases
- Band allocation in Ireland, the UK, and the Netherlands
- Ongoing research directions

» Market-inspired mechanisms in the public sector

« Concluding remarks
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* The material that follows benefits from:

- A study “Optimising the Use of Spectrum by the Public
Sector in Europe” for the European Commission

- A research project “Next Generation Spectrum
Regulation for Europe: Price-Guided Radio Policy” for
the German BNetzA

* Thanks to my colleagues:
Kenneth Carter, WIK
Phillipa Marks, Plum

John Burns, Aegis
Fredéric Pujol, IDATE
Prof. Martin Cave

kn
L

S U

°
Wi
CON

T Extending the Reach of Market-Inspired Mechanisms in Spectrum Management, Florence, 16 April 2010



S Allocation
B

*Band Selection Modulation and || *Identification of || *Police Role
w .. emissions limits Users
£ *Use decisions
h *Power limits *Awarding of
3 | | Network rights through
8 architccturc «Interference 18 &
iz licenses
A Tower siting

*RI" Safety

z | | Adminstrative Administrative Auctions Complaint
£ | | Rulemaking Rulemaking [.otteries Resolution
£ Comparative Disciplinary/
> Hearings Actions

(@)
(@

-2,

~

— aY

wm
c
—

Extending the Reach of Market-Inspired Mechanisms in Spectrum Management, Florence, 16 April 2010




» Spectrum assignment has been implemented in
many different ways:
- Administrative assignment
- First-come-first-served
- Lottery
- Auction

* Ronald Coase’s paper “The Federal
Communications Commission”, 1959.
- Administrative assignment is problematic and wasteful.
- Risk of spectrum going unused.
- No reason not to treat spectrum as if it were a good.

- Auction helps to ensure that spectrum is assigned to
those who value it most, and will do the most with it.
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- Effectiveness depends on clear definition of rights.

» Recognition dawns:

- The purchase of a company that holds a spectrum
licence often represents a de facto spectrum trade.

- A lottery system in the US, coupled with such purchase,
represented in effect an inefficient auction.

» Formalising spectrum trading has further
advantages:
- Corrects for errors in the initial handling of the auction.
- Enables adjustments to changes in spectrum value.
- Enables consolidation (bands, geographies).
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» For spectrum assignment in the commercial sector

- Auctions are routine
- Spectrum trading is increasingly commonplace

* |s there scope for broader application of these

mechanisms?
- Other phases of the spectrum management process?
- Exclusive, shared, licence-exempt?
- Public sector?

* Not all of the mechanisms are true market

mechanisms.

- Some use real auctions.
.3 Others simulate the functioning of the market.
wik .
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« Market mechanisms are not appropriate in all
cases, such as:

- The value of a potential use may not be fully
monetisable.

- Some applications may represent economic
public goods, where the public value significantly
exceeds the value to any private party.

- Those who benefit may be balkanised, such that
transaction costs prevent demand aggregation
(e.g. public protection and disaster relief (PPDR)).
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Band plan determinations (frequency, power,
guard bands & pairing decisions)

Licensed v. Licence-exempt determinations
Coordination mechanisms
Modulation and emissions policies

Setting receiver sensitivity standards
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Figure 1: 2.6 GHz band-plan with labelling of blocks #1 to #38 showing paired and unpaired spectrum as per the CEPT band
plan. Arrows indicate how unpaired spectrum can increase over the minimum of 50 MHz

Bl Paired Bl Unpaired

Figure 2: lllustration of award outcome showing the position of paired and unpaired lots, including restricted unpaired
blocks, where there is more unpaired spectrum than the minimum in the CEPT band plan
Band plan in this example

- Paired block ('standard’ powers) as part of a paired lot winner a - 5 paired lots
- Restricted unpaired block (reduced base power) corresponding to an unpaired lot Key for - winner b - 3 paired lots
- Standard unpaired block (standard base power) corresponding to an unpaired lot assig_nment - winner ¢ - 4 unpaired lots
® - Guard block (block 24) - when there is both paired & unpaired spectrum options - winner d - 9 unpaired lots
W I ( y‘ Unsold block (neither paired nor unpaired) - winner e - 5 unpaired lots
CONS U LT PampleiinsanRunselst RReeEUR IR SRR AN MEHAGRRILRE QL7 spiLRiD bRjock 24. Assume 2 winners of paired

spectrum and"3 winners of unpaired spectrum.
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Subjects must make a decision whether to use either a “Free” spectrum
service (“Option F”) that is subject to congestion or a non-congestable
“Subscription” spectrum service (“Option S”)

Capacity of Option F = 100 MB

No capacity constraints for Option S

Each subject knows:

- The level of his/her demand (Q,)
- The number of possible spectrum users
- The flat price of the subscription service (e.g., price = $1.30)
- The value (V;) per MB he/she places on sending a message
- His/her congestion tolerance
- Subject Payoff:

* If Subscription: Payoff |

= (V,* Q,) — Subscription Price
* If Free: Payoff

=(V,;* Q)) - 0iff congestion his/her congestion tolerance

= 0 otherwise
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Subjects participate in an experimental auction which determines the
licensing rules for given blocks of spectrum. The licensing rules permit: 1)
spectrum which is freely available to use (“Unlicensed”) or 2) Allocated to
discrete individual users (“Licensed”).

Clock auction for 4 blocks of spectrum
Subjects prefer either Unlicensed or Licensed allocations

Unlicensed subjects bids are aggregated in pro-rata share to market
clearing price

Each subject submits a Bid (B))
Each subject knows:

-2,
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The level of his/her Valuation (V;) for having a block allocated to preference
The number of possible spectrum bidders

The number of spectrum blocks available for auction

That each bidder has a demand for two blocks of spectrum

Subject Payoff:

= (V;- B) iff market clearing price aggregate bid

= 0 otherwise
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Conventional Auction Next Generation Auction
Spectrum License Spectrum License
 Licensee Name ()*+  Licensee Name: % #
»  Bandwidth: 6 MHz »  Bandwidth:
* Power: 100 W * Power:
* Locale: National * Locale:
» Interference » Interference
Protection: Exclusive Protection: 8(;
*  Winning Bid: *  Winning Bid:
[ J
wik
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Variables: P, , W. (decision of each bidder i)

Exogenous parameters: W__.. S..., C, N,

max?’

Model results: n, S, U, U
with  C. = data rate of bidder i (i=1, ..., k)
n. = noise of bidder |

n, = background noise
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» Auction of 100 MHz to 10 bidders.

» Average bandwidth requirement 50Mbps,
standard deviation of 12.5 Mbps.

» Valuations modelled after German 3G auctions.

 Possible to optimise on bandwidth holding
power constant, or vice versa.
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Challenges

There are many obvious challenges to such an
approach.

Diversity of band sizes may have implications for
Manufacturing economies of scale
Cross-border interoperability

There would be a huge amount of work to
operationalise such an approach.

Nonetheless intriguing!
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Extending the Reach of Market Mechanisms
In Spectrum Management

Introduction

Market mechanisms in the allocation and policy
phases

Market-inspired mechanisms in the public sector

AIP in the UK and elsewhere
An alternative: administrative justification in the
Netherlands

Concluding remarks
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Market Mechanisms and the Public Sector

Public sector spectrum has usually been
administratively assigned to date.

Numerous constraints:

Important for the safety of life and property.
Harmful interference could be very detrimental.
International coordination often required.
Militarily sensitive information.

Spectrum allocations to public agencies are often:
Unlimited in duration
Costless
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Market Mechanisms and the Public Sector:
concerns

Spectrum assignments may not be adequately tracked or

recorded.

Public agencies do not always knows what spectrum they are
using.

Public agencies may not realise the value of the spectrum that
they are using (leads to inefficient use).

Public agencies have little incentive to return spectrum
that is no longer (strongly) needed.

Public agencies will tend to make poor procurement
decisions because of misleading economic “signals”.
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Market Mechanisms and the Public Sector

Public sector use typically represents 30%-50% of
all spectrum use, including in the valuable ranges
below 6 GHz.

This Is a valuable resource!

Increasing the efficiency of use could lead to:

Better service delivery in the public sector.
More spectrum available for private sector use.

Any changes will require time and great care.
Criticality of applications in the public sector.
Long procurement cycles for many applications.
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Spectrum Use by the Public Sector:
UK Treasury Study (Cave Report, 2005)

Public sector holdings below 15 GHz:

Defence non-navigation 66%
Defence navigation 9%
Civil aeronautical 12%

Emergency and Safety Services 5%
Science 4%
Maritime 2%

... but the public/private border is porous
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Spectrum Use by the Public Sector:
Radio Spectrum Applications by Sector and Applicat

ion

Aeronautical | Maritime

Road / Rall

Defence

Voice comms

Public safety

Meteorology

Data comms

Video comms

Ground Radars

Airborne Radars
Ship Radars

Navigation Aids

Satellite

Point—point links

—

Biggest public sector spectrum users are radars and

Extensive spectrum use (>100 MHz below 1 GHz or >200 MHz above 1 GHz)

Some spectrum use
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Different segments, needs and opportunities

Defence
Regional frequency management (e.g. NATO, Warsaw Pact)
coexists with national frequency management.
Reflects possible need to interoperate regionally.
Voice and data communications and radars predominate.

Emergency services
Small in spectrum used, large in importance

Occasional need for cross-border interoperability
Natural disasters such as tsunamis.
Terrorist incidents.

Transport (aeronautical and maritime)
Requirements for global interoperability drive global management.

Radars, navigation, communication.
Spectrum sharing with defence is often workable.
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The UK: market-inspired mechanisms

The Cave Report (2005), an audit for the UK Treasury,
established key economic and management principles:
New spectrum requirements of the public sector should be
realised through the market.
Spectrum pricing should be introduced for (almost) all existing
holdings.
Surplus public sector spectrum should be available for sale,
lease or sharing.
The Government’s UKSSC (Spectrum Strategy Committee)
should produce a ‘forward look’ of public sector spectrum use
every two years.
A demand forecast for all spectrum should be undertaken
regularly.
More resources should be devoted to collecting information
and managing public sector spectrum holdings.
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The UK: market-inspired mechanisms

UK government has accepted the recommendations of the
Cave Report.

The first “forward look” was published in 2007.
Extended pricing to most existing holdings.

Established a legal instrument to trade public sector
spectrum (recognised spectrum access — RSA).

Committed to publishing more information on public sector
spectrum to facilitate trade.

Ofcom published an overall plan in 2008.

The UK Ministry of Defence published a comprehensive
assessment of their spectrum use in 2008.
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Administrative Incentive Pricing (AIP)

Has been applied in varying degrees in the United
Kingdom (UK), Canada and elsewhere.

Basic concept: Government should pay for
spectrum, as do private sector users. Just as in
the private sector, if government users have to
constantly confront their opportunity costs, they
will be motivated to make better decisions about
spectrum use.

The approach is eminently sensible, but faces
significant implementation challenges.
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Administrative Incentive Pricing (AIP): Rationale

Public agencies typically operate as a normal
market player when they need to purchase:

Office supplies
Buildings
Civilian employees

They should pay a market competitive price —
neither more nor less.

Why should spectrum be any different?
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Administrative Incentive Pricing (AIP): Challenges

Incentives to public agencies
Does the agency benefit from the money saved?
Can the budget be reapplied elsewhere?
Will savings result in reduced future budgets?

Pricing: How should the opportunity cost of public
sector spectrum be determined without an auction?

Can public sector agencies trade or lease spectrum?

How reliable is pre-emption?
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Administrative Incentive Pricing (AIP):
Challenges

Reapplication of budget is difficult.

Ability to choose to shift funds between spectrum and
equipment is logical.

Budget has to be stable for long enough to make return
of unneeded spectrum attractive.

Pricing is usually an approximation based on
values (e.g. through auction) of “similar” spectrum.

Considerable resistance to leasing or trading.
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An alternative approach: the Netherlands

Ministry of Economic Affairs published their Radio Spectrum
Policy Memorandum in 2005.

The frequencies should not be more than is needed for the
exercise of the tasks.

The assignments to public interest tasks should be based on a
needs justification plan (as public interest use often denies use to
others).

Where spectrum reserved for public interest tasks is not in use all
the time, third party access should be permitted where practically
possible.

Agencies submit justifications to the Ministry every three years.

Assessed on the basis of the “effectiveness and efficiency of
frequency use”.
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An alternative approach: the Netherlands

First audit is complete.

Detailed information from the Ministry of Defence.
High level information from other agencies.

Perceived benefits:
Government agencies are now aware that they use
spectrum, and that spectrum is a scarce resource.

Agencies see benefit in developing plans for their future
use, so that they can secure future spectrum access.

Benefits the national Radiocommunications Agency Iin
International discussions.

Some frequencies (PMR) have been given back by the
MoD.

Some sharing opportunities have been identified.
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Comparisons

For public sector spectrum, there is much to be said for the
administrative (Netherlands) and market-inspired (UK)
approaches.

Periodic re-justification seems to be appropriate for all bands
that are not subject to market mechanisms.

Countries that seek to implement market mechanisms will
need to improve administrative controls first anyway.

Market-inspired mechanisms may enable a deeper and more
comprehensive reform of public sector bands.

Market-inspired mechanisms should not apply to all bands in
all countries.
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Concluding remarks

Market mechanisms potentially have broader
applicability in other phases of spectrum
management.

Market mechanisms potentially have broader
applicability in sectors other than the commercial.

Many practical challenges would have to be
addressed.
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