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I. INTRODUCTION

EMAND for access to the radio spectrum is
Dconstantly and rapidly growing. In particular,

more radio spectrum is needed to cope with a
tremendous growth of wireless data traffic volume
[1] generated by smartphones, tablets, and other
mobile devices [2]. According to a recent forecast,
global mobile data traffic is expected to increase
nearly 11-fold between 2013 and 2018. With a
compound annual growth rate (CAGR) of 61
percent, it will reach 15.9 Exabyte per month by
2018, compared to 820 petabytes per month at the
end of 2012. Consumer demand is oriented towards

" The authors express their gratitude to Qualcomm Inc. for
having supported this research. They take sole responsibility,
however, for the choice of this topic, the methodology and
conclusions of the research. In particular, Qualcomm Inc. is
evidently not involved in our appraisal of the economic and
financial phenomena of the past decade that serve as a
background to our proposals and recommendations.

G. Pogorel, Professor of Economics and Management, is
with Telecom ParisTech Graduate School of Telecom
Engineering, Paris, France (e-mail: gerard.pogorel@telecom-
paristech.fr).

E. Bohlin, Professor of Technology Management and
Economics, is with the Div. of Technology & Society,
Chalmers University of Technology, Goteborg, Sweden (e-
mail: erik.bohlin@chalmers.edu).

The authors thank Ms Maria Massaro, Doctoral candidate at
Chalmers University, for her contributions to the research and
for establishing the bibliography.

spectrum-hungry applications and services, such as
video. Over two-thirds (69 percent) of global
mobile data traffic will be video by 2018,
registering a 14-fold increase between 2013 and
2018. Along with data traffic volume, device
penetration is dramatically increasing. By the end of
2014, the number of mobile-connected devices will
exceed the world’s population, and there will be
over 10 billion mobile-connected devices by 2018.
The growing need of wireless connectivity is due to
not only wireless broadband but also machine-to-
machine (M2M) communications. By 2018, there
will be 2 billion machine-to-machine connections
(e.g., GPS systems in cars, asset tracking systems in
shipping and manufacturing sectors, medical
applications, etc.) [3].

As matters stand, a spectrum crunch might occur,
as there is no sufficient available spectrum to meet
the future needs of wireless networks. This is quite
a paradox given that sizeable portions of assigned
spectrum turn out to be not fully utilised in certain
geographical areas or points in time [4]. Indeed, the
current spectrum policy framework goes mostly in
the direction of exclusive rights of use, with only
limited provision for shared spectrum.  This
orientation lies at the origin of large portions of
spectrum being underutilised by incumbent users
[6] [5] [6]. Exclusive assignment of frequency
bands has been an effective way of managing radio
spectrum, until the increasing density of wireless
services has threatened the effectiveness of existing
policies as means of protecting from harmful
interference without jeopardizing efficient spectrum
use [7]. The lack of sufficient spectrum to face the
growing spectrum demand is due to not only
quantity but also quality of available spectrum.
High data rate services require wide spectrum
bands, which also need to be available on
predictable terms in order to ensure a guaranteed



Quality of Service (QoS) [4]. The current
environment characterised by fast changes in
technology and market conditions requires existing
outdated practices to back off, enlarge our
perspectives, and leave space for more dynamic
spectrum rules.

In the cases where incumbents use the assigned
spectrum only in a specific geographic area and/or
at certain times, it raises the possibility for other
users to access the same spectrum, on a shared
basis, in other geographic areas and/or at other
times, respectively [2]. In international arenas, new
and more robust forms of shared access to already
available but not fully utilised spectrum have been
generally recognised as a timely and effective tool
to make more spectrum available. The shared use of
spectrum refers to situations in which a number of
independent users share given frequencies under
certain conditions [8]. Clear conditions need to be
established in order to assure the collective radio
spectrum use by existing and new users without
disrupting one another.

In Europe, for instance, finding possible
spectrum-sharing opportunities is one of the goals
pursued by the Radio Spectrum Policy Programme
(RSPP) by means of the spectrum inventory process
[9]. In 2011, the Radio Spectrum Policy Group
(RSPG) published an Opinion on cognitive
technologies, highlighting the importance of
intelligent technologies to share radio frequencies
[10]. In the same year, it published a report bringing
forward a dynamic approach to spectrum sharing.
Moreover, the European Commission (EC)
Communication COM(2012) 478 on “Promoting
the shared use of radio spectrum resources in the
internal market” recognised the shared access to
spectrum as the solution at the forefront to the
problem of lack of available spectrum for new
spectrum needs [11]. Recently, the EC issued a
mandate to CEPT to study the possibility of shared
spectrum use between wireless broadband services
and incumbent uses in the 2.3 GHz band [12].

In the United States, the idea of spectrum sharing
has been extensively discussed since 2006, when
the National Telecommunications and Information
Administration (NTIA), in coordination with the
Federal Communications Commission (FCC),
examined the feasibility of spectrum sharing
between federal and non-federal users [4]. In 2013,
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the FCC took steps to promote a more efficient use
of radio spectrum, proposing to use the 3550-3650
MHz band, currently utilised for military and
satellite operations, for providing broadband
services by implementing small cells and spectrum
sharing techniques [13].

II. NEXT GENERATION SPECTRUM VALUATION AND PRICING
FOR NEXT GENERATION SPECTRUM ACCESS

Considering the new set of technical and economic
conditions, it does not seem excessive to think we
enter a new generation of spectrum access formulas,
with corresponding spectrum valuation and pricing
methods. A first generation of policy [14] was
characterized by exclusive allocation of each
frequency band to single use and typically a single
licensed user, and assignment by administrative
procedures. The past twenty years have seen the
emergence of a second generation of spectrum
policies characterized by a trend towards market
mechanisms (auctions and secondary markets). It is
to be noted this trend in radio spectrum
management took place in the context of “irrational
exuberance” on financial markets, on the one hand,
runaway government deficits and creative
budgetary attempts at coping with it on the other. In
parallel we have witnessed the limited extension of
the usage of unlicensed access principally under the
form of WiFi. It is now clear from the results on the
ongoing assignment by auctions processes still at
play in many countries, that the argument that
auctions are the way to select the most determined
and potentially the most efficient actors through a
competitive process has lost the validity it might
have had as the least evil. The limitations of market
mechanisms as an efficient spectrum allocation tool,
had been anticipated by [15] and [16]. There is a
risk that spectrum auctions would tend to be
considered as a routine way for incumbents to
preserve the status quo, fend off new entrants and
prevent potential disruptive innovations. In the new
context, and in particular given the importance to be
expected for shared spectrum, a new perspective is
warranted.

For governments, coming up with new radio
spectrum assignment processes, is part of the
structural reforms that are called for to foster
innovation and growth. To exit the vicious circle of
deficits, debt addiction, always more taxes, and



creative accounting, governments go through a
painful rehab phase. Getting rid of spectrum
auctions is part of it.

Mobile  network  operators (MNOs) have
demonstrated outstanding competencies and
dynamism in writing one of the most impressive
sagas of the industrial age by making possible
instant communication between 7 billion people.
Their collective interest is for regulation to preserve
the competitive conditions of innovation. The
current period inaugurates a third phase, with far
richer, possibly infinite potentialities for wireless
services and technologies. The focus on exclusive
use and assignment by auctions will progressively
become less and less relevant. The radio spectrum is
progressively seen, thanks to technology advances,
as a pool to be jointly exploited by all users, present
and future. This applies to the spectrum used by
public entities. In this context, clearing spectrum
from old to new uses will always be part of
spectrum allocation dynamics, but sharing will be
always more important, either as permanent or
transitory. As stated in 2012 by the EU
Commissioner [17] as well as recently by the FCC
Chairman: “Big breakthrough policy — spectrum
sharing » [18]. It seems to us it is worthwhile
exploring what third generation allocation and
assignment methods would best correspond to these
potentialities.

III. AUTHORISED SHARED ACCESS AND NEXT

GENERATION FORMS OF SPECTRUM ACCESS
A. Sharing modalities

Recent technological evolutions and innovations
have the potential to increase efficiency in spectrum
use, by enabling new forms of spectrum sharing [7].
Intelligent technologies, such as reconfigurable
networks, coupled with frequency, location and
time sharing conditions, allow a number of different
users to coexist within the same frequency bands,
through power and interference reduction
techniques [4]. Reconfigurable Radio System (RRS)
is a generic concept that refers to technologies such
as Software Defined Radio (SDR) and Cognitive
Radio (CR), whose systems are able to reconfigure
their parameters, including frequency and power, in
order to self-adapting to a dynamically-changing
environment [19]. RRSs, combining radio

equipment with software capable of analysing the
radio environment and adjusting radio systems’
features, provide greater flexibility for an optimal
shared use of spectrum [20].

In ITU-R Report SM.2152, SDR is defined as a
“radio transmitter and/or receiver employing a
technology that allows the RF operating parameters
including, but not limited to, frequency range,
modulation type, or output power to be set or
altered by software, excluding changes to operating
parameters which occur during the normal pre-
installed and predetermined operation of a radio
according to a system specification or standard”
[21]. The use of SDR, often combined with
Cognitive Radio (CR), is drawing increasing
attention, as recent developments have lowered
SDR equipment costs and lengthen SDR equipment
lifetime [19].

There is particular interest worldwide for CR,
defined as a “radio system employing technology
that allows the system to obtain knowledge of its

operational and  geographical environment,
established policies and its internal state; to
dynamically and autonomously adjust its

operational parameters and protocols according to
its obtained knowledge in order to achieve
predefined objectives; and to learn from the results
obtained” [21]. Indeed, CR possesses learning
capabilities, acquiring knowledge of the radio
operational environment (in terms of available radio
resources, prevailing spectrum rules, user needs and
preferences, operational costs of a service, etc.) and
the ability of reconfiguration, adapting its
operational parameters and protocols according to
the acquired knowledge [10, 19]. CRs are capable
of cognitive behaviour, which develops along a
cognition cycle, articulated in six phases: “Observe,
Orient, Plan, Learn, Decide, Act” [22].

“A radio system employing technology that allows the system

Sensing —»
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Database —>

LEARN

+ to obtain knowledge of its operational and
geographical environment, blished
policies and its internal state;

(Observe, Orient)

+ to dynamically and autonomously adjust its
operational parameters and protocols
according to its obtained knowledge in
order to achieve predefined objectives;
(Plan, Decide, Act)

 and to learn from the results obtained”.
(Learn)

Figure 1: Representation of definition of cognitive radio
Source: RSPG Opinion on cognitive technologies [10]



CRs are provided with different functionalities,
which ensure a more effective spectrum sharing.
For instance, CRs are able to continuously scan and
detect actual unused spectrum frequencies, which
are then assumed to be usable. This function, called
spectrum sensing, aims at enhancing spectrum
usage efficiency by finding opportunities for
spectrum access (in various dimensions: time,
spatial and frequency), without interfering with
incumbent users of the band and adjacent bands.
Moreover, CRs are able to determine their own
location and know the frequencies they can use in
that exact location by querying a database that
contains a list of assigned or available frequencies
or predefined rights and obligations which are
specified in terms of time and location [6].
Cognitive radios, however, despite years of research
efforts, have not come up yet with widely
applicable solutions. More attention is devoted
presently to broader shared access concepts.

B. The LSA/ASA concsepts

New  regulatory paradigms for  spectrum
authorisation are needed in addition to the classical
exclusive assignments, to allow shared use of
spectrum in a more flexible way, taking advantage
of technology advances [1]. An authorisation
scheme for spectrum rights of use, which is
gradually attracting policy makers’ attention, is
named Authorised Shared Access (ASA) [4]. ASA
was initially proposed by an industry consortium
composed by Qualcomm and Nokia (Ingenious,
2010), with the aim of promoting the use of certain
spectrum  bands by International = Mobile
Telecommunications  (IMT), whenever and
wherever they are unused by incumbent users, while
safeguarding existing usages and ensuring
predictable quality of service [23]. The ASA
concept has been extended to the notion of Licensed
Shared Access (LSA) by the Radio Spectrum Policy
Group RSPG, composed of representatives of
Member states and the European Commission,
assisting the Commission in the development of
radio spectrum policy in the Community. It
recognised several sharing opportunities, in addition
to the case put forward by Qualcomm and Nokia
[6]. The RSPG Opinion on LSA, approved in
November 2013, defines the LSA concept as
follows: “A regulatory approach aiming to facilitate
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the introduction of radio communication systems
operated by a limited number of licensees under an
individual licensing regime in a frequency band
already assigned or expected to be assigned to one
or more incumbent users. Under the Licensed
Shared Access (LSA) approach, the additional users
are authorised to use the spectrum (or part of the
spectrum) in accordance with sharing rules included
in their rights of use of spectrum, thereby allowing
all the authorised users, including incumbents, to
provide a certain Quality of Service (QoS)” [25].
The concept of ASA/LSA is based on the idea of
licensed sharing spectrum. Frequency bands already
assigned to existing spectrum users, might result
underused. Thus, in order to access this underused
spectrum, individual spectrum rights of use might
be assigned to one or several new users. In this way,
the spectrum holder under national frequency
register would share spectrum with one or a limited
number of LSA licensees, in accordance with a set
of sharing arrangements imposed on both groups of
users. The National Regulatory Authority (NRA)
would have to define these sharing conditions in
cooperation with all parties involved, taking into
account interests of users in adjacent bands as well
[26, 1]. Access to and evacuation of the band may
be nearly real-time with LSA in some cases, giving
a lot of flexibility in setting up the sharing
conditions. LSA pursues the objective of increasing
the controlled use of spectrum. It seeks a stable
spectrum use by spectrum rights holders, so that
predictability of the conditions of spectrum usage
and of QoS for all spectrum users, network
operators and consumers can be guaranteed. It is
important to underlie that ASA/LSA does not
challenge the existing regulatory framework for the
use of spectrum, it rather complements it [1].
ASA/LSA does not have to be considered as an
alternative to the current spectrum authorization
schemes of exclusive licensed and license-exempt
spectrum, but as a complementary regulatory
approach to increase efficient spectrum utilization,
by facilitating the introduction of new applications,
through an individual licensing regime, while
maintaining the existing ones [4, 6]. The exclusive
feature of this model is the possibility of enabling
faster access to spectrum bands, which can be used
by new services together with incumbent users
without causing interference, by applying intelligent



technologies, such as those mentioned above [23].
The LSA model has been generally accepted as a
fully-fledged alternative to other means of clearing
spectrum, such as spectrum re-farming. This has
become a more controversial, lengthy and time-
consuming process over time [1], in particular in
bands characterised by fragmented incumbent uses
[23].

1) LSA/ASA in the spectrum landscape

Under the LSA concept, new users gain the access
to already assigned but underused spectrum, which
otherwise would not be available. Incumbent and
new users share the same frequency bands by means
of exclusive individual rights of spectrum, under
predefined time and location conditions that govern
their coexistence. The ASA/LSA concept is based
on different principles than unlicensed spectrum
access, spectrum access on a secondary basis or
spectrum trading. In fact, it is applied when
incumbent users, whose spectrum rights of use are
not tradable, do not fully use their assigned
spectrum, which can be shared in terms of time,
geography and/or frequency with other users on a
long-term basis [27]. The nature of incumbent users
is not clearly stated: they might be both
governmental entities and commercial (who have
not obtained spectrum licenses through an award
procedure — first come, first served; beauty contest;
auction, for commercial use) operators. The
application of ASA/LSA concept might occur when
existing spectrum right holders are unable, for
different reasons, or lack the incentives to make
available unused spectrum frequencies. Non-
commercial users might face regulatory constraints
or lack appropriate incentive to give back unused
spectrum, holding more spectrum than necessary,
considering spectrum assignment as permanent and
without costs. Commercial users may find
uneconomical expanding spectrum utilization given
the current institutional framework [4]. However, it
is believed that the LSA model would be more
functional if incumbents and LSA users belong to
different categories (non commercial versus
commercial), so that they are subject to different
regulatory systems [2].

Studies are currently focused on the implementation
of the LSA concept in the case of public service as
incumbent usage, formulating sharing conditions

with commercial uses, in particular mobile
broadband. LSA offers a unique opportunity for
MNOs and MVNOs to access additional spectrum,
partially used for other incumbent uses, to
complement their exclusive spectrum resources [1].
CEPT has been studying ASA concept since 2011.
In October 2012, CEPT Working Group Frequency
Management (CEPT WG FM) decided to study the
applicability of LSA for Mobile and Fixed
Communication Networks (MFCN) in the 2.3-24
GHz band, currently used by government use, such
as military, Program Making and Special Event
(PMSE) applications, and amateur services on a
secondary basis, by establishing the Project Team
FM52 [28]. Moreover, Project Team FMS53 has
been set up for general LSA related studies. The
ECC Report 205 on LSA, which provides general
analysis of LSA and guidance for CEPT in defining
harmonisations measures, has been published in
February 2014 [25].

2) LSA/ASA in public spectrum

The focus will be placed on LSA/ASA in public
spectrum, as currently envisaged in the short term.
LSA/ASA in commercial spectrum will be
envisaged at this stage only as a secondary element,
if necessitated for clarification purposes. In this
paper, in the line indicated by the CEPT, the base
case reference scenario will be the lease of the
spectrum by player A (for instance Defence) to
player B (MNO), by multiples of 5/10/20MHz (tech
neutral IMT), with freedom to choose also
geography, time or both. No sharing of
infrastructure and sharing of maintenance costs are
considered in this case for now, but this will have to
be taken into account very soon in a second stage.

C. The economic benefits of ASA/LSA

A study conducted for the EC by SCF Associates
Ltd shows that additional shared spectrum for
wireless broadband could create significant net
economic benefits for Europe. With an increase of
between 200 to 400 MHz in shared access spectrum
for wireless broadband, the European economy
gains net benefits of the order of several hundred
billion Euros by 2020 [11]. A key benefit for LSA
licensees is the fast access to new spectrum, without
waiting for difficult, costly and time-consuming re-
farming policies, which could be immediately used
for meeting growing spectrum demand [1].



In December 2013, Plum Consulting published a
study including a cost-benefit analysis of the
adoption of LSA in the 2.3 GHz band in Europe. It
is estimated that making the spectrum available
requires around €50 million plus administrative
costs, compared to medium benefits of around €12
billion from savings in infrastructure costs (in net
present values). The estimated value of cost savings
ranges from €6.5 to €22 billion, up to €30 billion
in the case of per-capita mobile data consumption
reaching US level by 2018. In fact, MNOs can use
this additional spectrum to provide capacity in
urban areas at times of peak traffic demand which
exceeds their network capacity, without incurring in
additional infrastructure costs (as they rely on
existing base stations sites), thus leading to lower
prices for consumers. When governmental use is
localised in rural areas, sharing spectrum is not
likely to impact on the capacity required by MNOs.
Instead, when governmental use requires national
coverage or the band is used for PMSE services,
MNOs might not have full availability of the band
in the busy hour. If this scenario happens, a solution
is to offload mobile traffic to other exclusive
licensed bands or to rely upon WiFi complementary
solutions.

In the case when MNOs do not face capacity
constraints, MNOs may also decide to use this
additional capacity to offer new service plans, for
instance higher level of data consumption at cheap
prices, generating benefits in the form of increased
consumer surplus, which has been estimated to be
around 2.3 billion Euros. Although the study
conceives new service offerings possible from both
existing MNOs and new entrants, the second case is
considered unlikely in practical terms, due to
extensive costs required to build new networks.
Finally, the study highlights the fact that the amount
of benefits that can be gained is considerable
because of the ability to implement LSA concept in
a short time period, meaning by 2015 [27].

The GSMA study proposes a comprehensive
framework for spectrum valuation, in particular
from the view point of MNOs, which is then applied
to the 2.3 GHz band in Europe and the 3.5 GHz
band in US. The economic impact of spectrum
sharing depends of the probability that MNOs are
willing to invest in shared spectrum. The maximum
value is represented by the present value of the
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economic benefits related to the case of exclusive
assignment. From this ceiling, the economic
benefits that shared spectrum can provide are
calculated by applying a number of impairment
discounts which reflect the deterioration of sharing
terms and conditions. According to this study, the
main factors potentially reducing the MNOs
likelihood of investment are the lack of
harmonisation, meaning a minimum efficient scale
of operation is needed; sharing dynamism, as the
more the shared use of spectrum is dynamic the less
control over spectrum operators can have;
restrictions in term of geography, timing and
network deployment conditions; and the contract
length. According to this framework the adoption of
the LSA in the 2.3 GHz band in Europe would
generate up to €86 billion of incremental value
added while the US adoption of LSA in the 3.5 GHz
band would generate up to $260 billion in economic
benefits [24].

The argument according to which shared spectrum
is not appropriate for new entrants might be valid in
the short-medium term. However, firstly it is a bit
of a stretch for the 15-yearto infinite license
durations that extend beyond our technology
forecast capacity. Secondly, small cells technology
can offer promising local and regional capabilities
and ASA/LSA can provide openings for non
vertically integrated MNOs, and telcos other than
mobile.

D. Incentives to share

Spectrum management Efficiency

LSA offers a controlled environment where
incumbent users can continue to offer their services,
while sharing spectrum with other users. This is
optimal in the case where the combined net socio-
economic benefit of multiple applications sharing
the band is greater than the net socio-economic
benefit of a single application [2]. Thus, LSA would
bring great benefits to enterprises, technology firms,
governments, network providers, service providers
and consumers in terms of more efficient use of
spectrum, enabling timely access to spectrum for
mobile broadband, which would not be available
otherwise [1]. LSA would facilitate the
implementation of standards, providing legal
certainty and promoting economies of scale [2, 6].
In fact, it may favour the global harmonisation of



spectrum allocated to IMT, which can be easily
used on a shared basis with incumbents, while the
allocation to IMT on an exclusive basis may be
impractical [1].

E. Incentives for the parties involved

A fundamental prerequisite of the successful
implementation of LSA is the acknowledgement of
all parties involved in the sharing of spectrum.

1) Regulator

For the NRA, LSA contributes to fulfilling its duties
to provide in a timely manner for the needs of
public and commercial services. The NRA will have
to conduct or endorse the LSA, in order to provide
both the incumbent and the licensee with the same
level of legal guarantee in the frequency usage.
LSA represents a strategic tool for regulators for
allowing MNOs to timely access the spectrum in the
case when incumbents will vacate frequency bands
in the long term. LSA can be conceived not only as
an alternative to exclusive assignment, but also as a
temporary phase prior to spectrum re-farming [24]
[26].

2) Incumbent

Initial spectrum right holders need to be protected,
while LSA licensees benefit from access to unused
spectrum, as the implementation of LSA might
affect their rights of use [1]. For the incumbents, an
incentive for engaging in a sharing arrangement
would be financial of other forms of compensations
(e.g. access to new services) from the LSA licensees
[28]. In countries with a strong command and
control or AIP legal apparatus, sharing an
incumbent’s frequency could result from an NRA
decision pure and simple. As a rule, incentives to
share for incumbents will have to be aligned with
the valuation or non-valuation rules applicable to
public spectrum in each country.

3) Licensee
From the LSA licensee’s perspective, a key
incentive is represented by the availability of

* Incumbents might look at LSA, as a means for lowering costs by
releasing frequency bands to new users, whilst maintaining control over its
use in the long term. It is worth clarifying that in the case of public services,
the incentives for incumbents might be different, as usually fees are not
applied to governmental entities. In this case the possibility of sharing costs of
investments and maintenance of the infrastructure with new LSA licensees
might be seen as a form of incentive [2].

spectrum, in a timely manner, for a sufficient period
of time and in a certain geographic area [1]. Both
incumbent users and LSA licensees require
regulatory certainty over the conditions governing
the shared use of spectrum. These sharing
conditions should be sufficiently concise, attractive
and predictable to incentivize LSA licensees to
invest in equipment and network and existing users
to allow spectrum shared use [2]. Part of the
incentive, is that, as opposed to unlicensed, the
sharing licensee is entitled to protection, which
makes QoS achievable.

F. Candidate bands for sharing

Frequency bands, which have been identified for
IMT by ITU, but have not been assigned yet for
mobile services due to incumbent usage, are
recognised as critical opportunities for sharing.
Both the EU and US are engaged in developing
sharing solutions in selected bands in their
respective territories along with ITU initiatives [24].
Europe is focusing its attention on the 2.3 GHz band
for the implementation of the LSA concept to open
the band for mobile broadband services. 3GPP Band
40, the 2.3-2.4 band, has been allocated to the
mobile service and identified globally for IMT as a
result of the World Radio Communication
Conference held in 2007 (WRC-07). Several
countries, in particular in the Asia Pacific region,
already committed to deploy mobile broadband
networks in the 2.3-2.4 MHz band. Therefore, if we
look at user equipment, as of June 2014, no less
than 207 devices, including phones, mobile tablets,
USB modems, from all major device manufacturers,
as well as base station equipment are already
available [57].. The related market cannot but grow
in the coming years [12].
Within CEPT countries, the 2.3-2.4 MHz band is
allocated to Fixed and Mobile on a primary basis
and Radiolocation and amateur services on a
secondary basis. However, the current situation of
use is quite patchy. Principal incumbent uses are:

- Telemetry (both terrestrial and aeronautical
telemetry)
Other governmental use (e.g. Unmanned
Aircraft Systems, UAS)
PMSE (including SAB/SAP and ENG/OB);
Amateur as a secondary service.



As CEPT countries use this band in different ways,
while some of them have already planned to release
the 2.3-24 MHz band for mobile broadband
services and proceed to exclusive licensing, in a
number of other CEPT countries clearing the 2.3-
24 MHz band would be quite difficult due to
extensive incumbent usage. As things stand, LSA
regime is assessed as the complementary regulatory
measure which can ensure long term incumbent use,
while enabling the availability of the band for
mobile broadband services, in a timely manner [29].
CEPT has been studying LSA concept since 2011.
In October 2012, CEPT Working Group Frequency
Management (CEPT WG FM) decided to study the
applicability of LSA for Mobile and Fixed
Communication Networks (MFCN) in the 2.3-24
GHz band by establishing the WG FM Project
Team FM52 [28]. Moreover, WG FM Project Team
FM53 has been set up for general LSA related
studies. The ECC Report 205 on LSA, which
provides general analysis of LSA and guidance for
CEPT in defining harmonisations measures, has
been published in February 2014 [25]. Project Team
FMS52 has recently released the Draft ECC Decision
on harmonising implementation measures for
MFCN (including broadband wireless systems) in
the 2.3-2.4 MHz band, which is planned to be
finalised in June-July 2014 [30]. Moreover, in April
2014, the European Commission placed a mandate
to CEPT to develop technical conditions for the
introduction of wireless broadband services in the
2.3-2.4 MHz band [12].

France and Finland have actually simulated the
implementation of the LSA concept in the 2.3-2.4
MHz band, mainly used for aeronautical telemetry
and PMSE, respectively. In 2012, France did the
first simulation in order to assess the impact of LTE
networks on aeronautical telemetry (while the
impact of aeronautical telemetry on LTE was not
analysed). France concluded asserting the suitability
of LSA as a potential solution to open the 2.3-2.4
MHz band to mobile services [31]. Later on, other
compatibility studies followed, to test both the
impact of aeronautical telemetry on mobile service
and vice versa. For this purpose, a working group
was established in January 2013 and coordinated by
ANFR (Agence Nationale des Fréquences). All the
main stakeholders have been involved with the aim
to set up a sharing framework, which could ensure
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accessibility to the mobile service while
maintaining incumbent usage [32]. Similarly, a field
trial of the LSA concept using a TD-LTE network
in the 2.3-2.4 GHz band has been implemented in
Finland in 2013. It successfully demonstrated how a
mobile network operator (MNO) can share
spectrum with PMSE service, including cordless
cameras, without causing harmful interference, as
TD-LTE network is able to use the band and then
vacate it when requested by the incumbent spectrum
user [33].

In the US, the prominent candidate band for sharing
is the 3.5 GHz (3550 — 3650 MHz) band. The range
of frequencies comprised between 3.4 GHz and 3.5
GHz was identified for IMT in much of ITU Region
1 and in 8 areas within ITU Region 3. In ITU
Region 2 (which comprises US), the 3.5-3.7 GHz
band is allocated to the Fixed, Fixed Satellite
(space-to-Earth), and Mobile (except aeronautical
mobile) Services on a primary basis, and to Radio
Location Services (RLS) on a secondary basis. On a
domestic level, the 3.5 GHz band is allocated to
RLS and the ground-based Aeronautical Radio
Navigation Service (ARNS) on a primary basis for
federal use and to federal non-military RLS use on a
secondary basis. The 3.6-3.65 GHz band is also
allocated to Fixed Satellite Service (FSS) earth
stations. The 3.5 MHz band was identified for
shared federal and non-federal use in 2010 by the
National Telecommunications and Information
Administration (NTIA) because current incumbent
uses are mainly localised around the coasts and this
offers great sharing opportunities to meet the
increasing demand for spectrum. Thus, in July 2012
the President’s Council of Advisors on Science and
Technology (PCAST) recommended the sharing use
of federal spectrum to increase spectrum access for
non-federal uses [34] and in the same year the
Federal Communications Committee (FCC)
proposed to implement a three-tier system of
spectrum access to manage the shared use of the 3.5
GHz band by small cells, while protecting existing
incumbent users [13]. The proposal envisages
implementing Spectrum Access System (SAS),
which resembles the LSA architecture, although
with some differences [35].



IV. FRAMEWORK FOR ASA/LSA VALUATION AND PRICING

In this section we aim to contribute to the broad
debate on next generation spectrum access by
bringing our general considerations on LSA
valuation and pricing. It is noteworthy that our
purpose is to explore comprehensive valuation and
pricing principles for LSA, without just focusing on
valuation and pricing of “opportunistic” access
(SDR, cognitive radios, etc.) and fast real time
sharing (“spot”).

The exponential growth of spectrum demand is
leading to the development of numerous spectrum
sharing models in regulation and research fields to
improve efficiency and flexibility in spectrum use.
Broadly speaking, three categories can be
distinguished on the basis of the degree of
exclusivity in the allocation of radio frequencies to
different users.

At one extreme of the range, allocation schemes are
close to exclusive use, with clear geographic
limitations and time restrictions. At the opposite
extreme, licence-free or unlicensed users obtain
general authorisations to use certain spectrum bands
under defined common rules, without any
protection from harmful interference. Dynamic
sharing approaches which combine intelligent
technologies, and frequency, location and time
sharing conditions, stay in the middle.

The first category has been object to extensive
discussions regarding spectrum valuation and
assignment, which mainly involve administrative
pricing, benchmark approaches and auctions.
Unlicensed spectrum models are usually meant to
be free of charge, given the absence of control
mechanisms other than transmitter power limitation.
On the contrary, the middle ground has been subject
to detailed technical considerations, without
however proper assignment and valuation
considerations. Thus, the following sub-section
focuses on the regulatory valuation framework of
sharing models developed in EU which belong to
this category.

A. Regulatory valuation framework

It is important to mention that EU has been studying
two possible dynamic sharing approaches:
Collective Use of Spectrum (CUS) and Licensed
Shared Access (LSA).

RSPG defines CUS as follows: “Collective Use of
Spectrum allows an unlimited number of
independent users and/or devices to access spectrum
in the same range of designated CUS frequencies at
the same time and in a particular geographic area
under a well-defined set of conditions”. CUS is
actually applied to frequencies below 1 GHz, with
different conditions. Generally, there is no exclusive
access to spectrum and no protection from other
authorised users operating in the same frequencies.
A predictable level of QoS for users cannot be
guaranteed, as it depends on the level of congestion,
among other things. However it is believed this
approach can be refined thanks to technology
advancements [26].

Recently, much more attention has been focused on
LSA. In the following, the main elements found in
RSPG opinion on LSA and CEPT ECC report on
LSA are summarised.

The key objective of LSA is to promote the shared
use of spectrum between a limited number of
licensed users. Thus, it should be clear that LSA
users would use the spectrum under individual
authorisations, while incumbent users keep using
the assigned spectrum [1]. Hence the focus is only
on “binary sharing” where the incumbent is not
competing on the same downstream market as
service provider sharer.

NRA is responsible for the assignment procedure of
LSA rights of use, which should include specific
technical and operational requirements (e.g.
coordination  process; compatibility  criteria;
conditions of the license — such as limitations in
terms of timing and location; spectrum mask; etc.)
[2] for an efficient shared use of spectrum. It must
take into account national policy objectives, along
with international obligations and European
requirements, in the case of EU member states [23].
The NRA develops these sharing rules cooperating
with all the parties involved [23]. In fact, LSA is a
voluntary based approach: the sharing terms and
conditions are to be agreed between the incumbents,
the new users and NRA [27].

Under the LSA regime, non-interference principle is
coupled with QoS/predictability of use. It must be
assured no harmful interference to the incumbents,
predictable QoS on LSA spectrum, and legal
certainty to both incumbents and LSA licensees
[27]. Incumbents must be sure that licensees will



operate without causing restrictions when they are
exercising their rights of wuse [I]. However,
acceptable level of interference can be mitigated
through reliable sharing arrangements. Incumbents
may incur in costs due to implementation of
improved technologies necessary to ensure good
quality of services for new users. In this case,
financial compensations should be agreed between
the parties, as well as in the case when incumbents
are subject to spectrum pricing [10, 2]. Moreover, if
fees are paid by the incumbent user, which include
elements of frequency time, location, this should be
reflected in the pricing for the sharing user [2].
Likewise, it needs to be ensured that LSA licensees
are able to offer services with a predicable level of
QoS, otherwise they will not be incentivised to
invest in shared spectrum [24].

Moreover, in compliance with the EU Regulatory
Framework for electronic communications, in
particular with the Authorisation Directive
(Directive 2002/20/EC), the procedure for the
assignment of LSA licenses must be done in a fair,
transparent and objective manner [2]. Incumbents
should also act in a transparent and non-
discriminatory way in the definition of LSA
requirements. For their part, LSA users should not
obstruct the long-term innovation process held by
the incumbents. In conclusion, fair competition and
consumers’ interest should always be guaranteed in
the implementation of LSA [2].

B. Technical and economic valuation parameters

Valuation of shared spectrum cannot purely be
based on considerations of interference level
acceptance or mitigation, as exposed in [36].

LSA/ASA does not have the same parameters as
exclusive use. On the minus side, sharing terms and
conditions, such as time and geography limitations,
impair the economic benefits of shared spectrum.
Moreover, these limitations can be either permanent
or planned in a predictable way, or, on the contrary,
un-planned, meaning subject to the unpredictable
needs of the incumbent. On the plus side, there can
be no coverage or deployment obligations
(population or territory), or no duty of continuity of
services or universal service.

Once we leave the well-known areas of long-term
exclusive use, what spaces do we encounter that
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keep a realistic flavour make business sense. The
valuation/pricing of shared spectrum will reflect
differences with exclusive use, partly positively,
with less strings attached, partly negatively, with
technical, time, geography, etc, constraints
variables. All factors will have to be monitored
jointly by incumbent and shared users, based on
control systems, under NRA supervision.

Moreover, there are several factors which should
be included in the valuation of shared spectrum. For
instance, LSA sharer(s) might need to build their
own network or to add network hardware and
software elements to use shared spectrum.

Overall, the impact of sharing terms and
conditions, and uncertainty and risks generated by
sharing spectrum, can be synthesised in a mitigation
coefficient to be used in the process of valuation
and pricing of shared spectrum. Its value can vary
between 1 and 0, where 1 corresponds to a situation
very close to exclusive use, while the mitigation
coefficient is equal to O if the constraints are so
overwhelming that they annihilate business
perspectives.
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The mitigation coefficient is at the crux of the
translation of the specific LSA technical conditions
into business valuation. It will have to take into
account a series of factors like availability, QoS,
duration, predictability, certainty, flexibility,

harmonisation, scale, complexity, and of course
specific costs.

Then, the issue is to understand what kind of
assignment method would best help determine the
ASA/LSA value/price, taking into account the
mitigation coefficient.



V. THE TOOLKIT OF
METHODOLOGIES

VALUATION AND PRICING
Beyond general considerations of fairness and
transparency, little attention has been paid until now

on the valuation/pricing aspects of ASA/LSA.

Next generation forms of spectrum access
challenge pre-defined forms of assignment, whether
they are administrative, market, or collective use.

Some efforts should be devoted to outlining a
high level set of considerations on the relevance and
adequacy of our current valuation/pricing toolkit to
the wide range of sharing possibilities envisaged in
European and US regulatory bodies. One cannot but
wonder whether the toolkit provides us with what
we need for day the middle ground scenarios will
have to be implemented. Actually, the
valuation/pricing angle also has its own range, with
exclusive use, long-term (years) authorizations at
one extreme, corresponding to auctions of diverse
forms on the one hand, shared use bordering on the
opportunistic on the other, with some kind of spot
pricing mechanism on the other.

A lot of studies have been devoted to spot pricing
of spectrum access, but they do not seem to
correspond to realistic technical and business
scenarios.

Not all models will be applicable and applied in
real life. It seems interesting, however, to outline an
all-purpose valuation/pricing scenario that would
apply in a comprehensive and consistent manner to
all forms of spectrum use in the same application
cluster range [37], from exclusive to shared and
collective, bringing us closer to a consistent,
sustainability objective. This approach seems more
feasible with a federal agency in charge of
spectrum, that would grant licenses of different
geographic extension, different durations, from very
short term to multi-year, and that would establish
fees accordingly like a land owner or property
developer.

In order to make the relevant choices concerning
valuation/pricing for shared spectrum, it seems
necessary to survey general high-level principles of
valuation and pricing methodology. The valuation
of spectrum can result either from a mostly top-
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down process, by which the monetary value
attached to spectrum is the result of a computation,
or from a pricing process which is a bottom-up
process where the monetary value results from a
confrontation of supply and demand. As indicated
by the ITU Regulation Toolkit [38]: “Spectrum is
either valued using prices in market transactions
(auctions, spectrum trading or leasing) or by
administrative means.” The opposition is not
absolute, however, as supply and demand
considerations intervene in valuation, and
computations by the agents involved take place in
supply and demand.

A. Administrative pricing

What is usually referred to as administrative
pricing is actually a mixed valuation/pricing
process.

Administered pricing mechanisms are employed
by NRAs to set spectrum prices. Prices can be set in
order to recover spectrum management costs (fee
recovery) or to actually reflect the market value of
spectrum. In this latter case, analytical and
modelling techniques are used to develop prices that
reflect the underlying spectrum value [38].

1) Fee recovery

Spectrum management activities, such as issuing,
maintaining data, interference monitoring and
enforcing licenses, impose costs on NRAs.
Therefore, NRAs usually set up license fees for
spectrum use sufficient to recover spectrum
management costs. Several methods can be used to
determine the level of the fees. They can include
detailed costing models to establish which licenses
have imposed which costs, or rules of thumb, such
as setting charges on the basis of a percentage
licensee’s turnover. Indirect or common costs can
also be allocated by means of different methods, for
instance, based on licensees in proportion to the
direct costs imposed or on the amount of spectrum
(e.g. in MHz) included in each license. However,
the legacy of former price settings and subjective
NRA’s judgments may influence the process of
setting fees [38].

2) Administered incentive pricing
The Administered Incentive Pricing (AIP) method
is a process of determining spectrum valuation by a



regulator aimed at achieving an efficient use of the
spectrum. This scheme is Administered, as prices
are set by NRAs, and Incentive, as the price level is
intended for users to use spectrum in the most
efficient way. AIP simulates market mechanisms,
and the prices set can be seen as proxies of market
prices. AIP is used in some countries, such as the
UK, which has been a forerunner in the field,
introducing AIP in 1998. It has been also
implemented in Australia and New Zealand,
seeking to avoid auctions while maintaining market-
oriented fees [38]. There exist different
methodologies to simulate a market context and
calculate the economic value of spectrum use.

a) Technical approaches

Incentive prices can be determined taking into
account several key technical factors such as:

* Amount of spectrum used (bandwidth and
geographic area);

* Population covered and location of use (higher
values for urban areas)

* Frequency band (coverage and data carrying
capacity — higher values in bands that are
internationally harmonised and in bands with
better propagation characteristics);

* Type of service;

Level of exclusivity;

Number of terminals;

The main challenge is to actually set the right price
level. In fact, in case of overestimation, spectrum
may remain unused and will provide no benefits.
On the contrary, in case of underestimation users
might not be incentivised to use spectrum more
efficiently, which might lead to spectrum shortage
[39].

b) Economic approaches

Two economics approaches can be distinguished:
the opportunity cost’ of spectrum use and the net
present value (NPV) approach discounting future
revenues associated to spectrum use. With regard to
the former, a clear example is the AIP mechanism
implemented by Ofcom in the UK. Spectrum
pricing is based on the marginal value of the
spectrum to the user, taking into consideration the

’ The opportunity cost of spectrum is defined as the economic value
associated with the best alternative use of spectrum.
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amount of congestion in a given band and/or
locality, meaning that lower prices correspond to
less congested areas. The opportunity cost is
defined as the ‘“additional costs of the least-cost
practicable alternative” [40]. Therefore, most
evaluation models involve a calculation of marginal
costs associated with network infrastructure,
including equipment and construction costs, as well
as cost of capital or labour. Some of these costs can
be known or at least well estimated, through
benchmarking and survey of existing equipment
markets. This is particularly helpful if the spectrum
being valued is harmonised across multiple markets,
leading to predictable economies of scale and scope
in manufacturing [38].

The main criticism raised against the AIP approach
based on the opportunity cost of spectrum use,
which is also the main justification of the other
economic approach, is that users assess the value of
spectrum considering not only opportunity costs but
also the projection of future revenues associated to
several possible spectrum uses. Thus, the best way
to determine spectrum values is to use the net
present value concept (NPV) to calculate expected
net present values of future returns. They are
determined based on calculations of all inputs
(spectrum, land, equipment, maintenance) using
their market prices plus a value attributable to
spectrum, related to the flexibility in how the
frequencies can be used. Thus, technology
flexibility and service neutrality contribute to
spectrum values. Benchmarking approaches can be
applied to calculate with a certain degree of
reliability the potential future revenues associated to
spectrum use, looking at data on similar services or
identical services in other markets [38]. It is
generally believed that opportunity cost approach is
easier to be adopted as less information are required
compared to the other approach which requires the
determination of cash flows. However, AIP
mechanisms are in generally perceived as complex
and can lead to spectrum value underestimation or
overestimation [41].

(1) Opportunity cost approach

This approach is based on the main idea that
generally producers set up the production process at
the level that ensures the minimization of the costs



of inputs. The same goes for spectrum: users,
including the opportunity cost of spectrum use in
their  decision-making  process, would be
incentivized to return unused or underutilized
spectrum, instead of paying the charge which
cannot be economically justified [40]. The
opportunity cost of spectrum use can be determined
by estimating the other resources that would be
saved if the same spectrum were redeployed to
produce another service, or the extra costs, which
would be incurred if it were not available to provide
the service for which it is currently employed, so
service has to be provided with less spectrum. Users
may be also encouraged to use spectrum in a more
efficient and rational manner, for example adopting
spectrum-saving technologies, as this translates in
lower fees. In such a way productive efficiency can
be gained [38]. If spectrum users are not exposed to
the opportunity cost of spectrum use, they will
generate inefficiencies and the opportunity cost will
be carried by the State and ultimately by consumers.
A big draw of administered pricing for LSA results
from the anticipated prevalence, as least in a first
stage, of sharing with public services.

(2) Benchmark approach

Benchmarking approach derives spectrum value by
using observed prices paid by in other market
transactions (e.g. auction or spectrum trading) users
providing similar services, for the same or related
frequencies in the same or other countries. Whilst
the strength of the benchmarking approach lies in
the fact that it is based on actually demonstrated
willingness to pay, the main problem is that like for
like comparisons can be more or less realistic. It is
therefore important to implement benchmarking
approaches with caution [42]. In a 2011 Plum report
for Vodafone, it can be read that it is difficult to
control the impact on prices of several factors such
as: 1) the frequency range and the size of the blocks
sold; 2) the technologies and services that can use
the band; 3) the existing spectrum holdings of
bidders; 4) local economic, competitive and
demographic circumstances; 5) expectations of and
confidence in future revenue growth which varies
from time to time. Moreover, the timing of
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spectrum releases and the availability of
information influence the prices, as well [41].

B. AUCTIONS

Spectrum auctions are means of using market-
generated prices to assign licenses. In an auction,
licenses are awarded on the basis of bidding among
competing applicants and go to the bidders offering
either the highest monetary sum, or a different sum
depending of the auction design. In recent years,
Auctions have become well known and established
approaches among many NRAs in the world [38].
Spectrum auctions are presented as a more efficient
and transparent, fairer and faster mechanism of
assigning spectrum licenses, in particular when
demand exceeds supply, compared to administrative
assignments. They overcome the weaknesses of
mechanisms such as comparative hearing or beauty
contest, which inevitably involve a subjective
judgment of NRAs. The key advantage heralded for
auctions procedures is that they assign the licenses
to the users, which bid the most, meaning to the
ones who assign the spectrum the highest value.
This is meant as a reliable way to ensure that
spectrum is employed in the most productive use, as
the users who are willing to pay the most should be
the ones who are willing to manage the asset more
efficiently. Moreover, if the auction process is
properly designed and conducted, the winning
bidders are clearly identified. Where auctions are
used to assign spectrum the opportunity cost of the
spectrum is paid through the auction process [40].
Auction procedures can be designed in different
ways. Moreover there exist different spectrum
license fee payments methods. Four main categories
can be identified: upfront fees, instalments, usage
fee or rents, and royalties, which can also be
combined together.

1) Auctions on upfront fees

In auctions on lump-sum fees, licensees are asked to
pay the full amount of license fees in one go. In this
way NRAs can have immediate or predictable
access to the payment [45]. Moreover, NRAs can
also ask upfront payment of bids, mainly to reduce
default risk between the auction and the sale closing
[46]. In case of a bidder withdrawing its
participation to the auction, possible penalty fees
can be covered with its upfront payment. Moreover,



an upfront payment can also be seen as sign of
commitment from the bidder [47]. Auctions on
upfront fees for commercial uses of spectrum have
been popular in many countries on all continents
since the late 1990s.

2) Auctions paid in instalments

In certain circumstances NRAs can propose
payment by instalments, by which that license fee
payments are spread over a predetermined period of
time. When governments are not overwhelmed by
urgent budget needs, this mechanism makes sense,
as the payment schedule is commensurate to the
lifecycle of the network, possibly the duration of the
license[46]. Moreover, bidders might find it
attractive as the upfront capital requirement for the
license itsef is reduced, making more capital
available for investing in the network. Thus, it can
attract more interest from bidders, and auction
results can be improved. In fact, more participation
in an auction likely translates in higher net present
bid amounts. However, this represents the main
inefficiency as well, as attractive instalment
payment terms may cause speculative biddings.
After such an experience, FCC no longer offers
instalment payments [47], although Denmark still
does.

3) Auctions on yearly usage fees (royalties or
rents)

Market mechanisms to determine the valuation and
pricing of frequencies can take the form of auctions
on yearly usage fees. Yearly fees can be
proportional to the revenue generated (royalty), or
correspond to the intrinsic characteristics of the
licensed frequency band (rent).

Royalties are a form of revenue —and risk- sharing
between administrations and spectrum licensees,
taking into consideration the user’s performance.
There are two categories of royalties: ad valorem
royalties, determined as a percentage share of actual
revenue, or unit royalties calculated by
multiplication of the units sold and the royalty per
unit. In theory, royalties increase the auction
revenue in two ways. First, royalties alleviate part
of the risk otherwise borne by the firm and, if the
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firm is risk-averse, raise the firm’s willingness to
pay. Second, royalties stimulate the bidding
competition, as they reduce the effect of differences
in valuations among the bidders. Balancing positive
and negative effects, royalties can be beneficial for
both governments and licensees [45]. A problem is
that user’s income, and consequently royalties
calculation, are unpredictable, as is the market.
Moreover, calculating royalty payments do not
single out users profit related to the license use
only. Moreover users might adopt accounting
methods to underestimate profits and pay less
royalties [48]. While the FCC decided against
royalties, Hong Kong has adopted an auction model
whose payment setting is based on a combination of
upfront lump-sum fees and royalties, which intends
to be balanced and mutually beneficial for licensor
and licensees [45].

Bidding can also take place on spectrum usage fees
or rents. Contrary to royalties, rents are not related
to the profits of the licensee, but to the
characteristics of the frequency band. Auctions on
yearly usage fees (rents) can economically converge
with upfront fees paid in instalments, when the
latter correspond to the duration of the license.

Auction on yearly fees, either royalties or rents, are
a feasible form of market mechanism, reflecting the
concerns of a risky, capital-intensive industry.

VI. CHOOSING VALUATION AND PRICING METHODS

The choice of valuation and pricing methods for
ASA/LSA calls for high-level principles. The
priority is, they have to correspond to the current
period  requisites:  encouraging  investment,
innovation, and promoting competition. Then, the
assignment procedures must be comprehensively
and consistently applicable to the largest possible
range of spectrum.

A. Spectrum management as property management

A frequent metaphor in spectrum management is
that of a property manager. The spectrum
“manager”, the government administration entity or
entities in charge of allocating and assigning the
radio spectrum, has to meet the needs of a variety of
users and customers, non-commercial and



commercial, short term or long term. As a
difference to a real estate property management
however, it manages the totality of the resource, the
spectrum, and not only its own properties, however
big. In addition, it knows this property has to be
exploited always more efficiently, more “densely”
over time, but it cannot be quantitatively expanded.
The spectrum manager portfolio is composed of
licensed frequencies, frequencies that can be made
available at various times for exclusive use, if so
decided, and frequencies that their incumbent only
partially uses, and that can be considered for
sharing.
The spectrum manager knows it is operating in an
environment characterized:
- Economically by networks effects, which
spontaneously result in oligopolies, and, if

left unchecked, result in monopolistic
behaviours;

- Technically by fast pace changes, which make
difficult forecasting the amount and

modalities of spectrum usage beyond the
technologies currently being deployed, or
soon to be deployed.

Consequently, and in order to make the most of
the spectrum resource both for the general public
and individual customers, the spectrum manager
is careful in considering relinquishing property
rights over the spectrum, beyond the life cycle
period of investments in current technologies.

Notwithstanding the benefits associated with the
adoption of this mechanism, many experts
vigorously argue that auctions can lead to critical
inefficiency. In particular, it has been noted how
often bidders have overpaid for licenses, the auction
process becoming a lucrative source of income for
national governments [43]. Prime example is the 3G
auctions in Europe, which have attracted great
attention by generating billions of Euros from
bidders [40]. Moreover, problems related to
competition may arise as competition may be
restricted by users with significant market power,
leaving in the shadow smaller and weaker players
[44].

Providing the current incumbents, part of an
oligopoly, with exclusive long-term property rights
is hard to reverse, and present a strong risk of:
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- Being stuck with a restricted number of

companies with strong specific
competencies today, but unpredictable ones
over time;

- Preventing the deployment by new entrants
with distinct competencies of innovative
technologies to be deployed as the next
generation beyond the ones currently in use.

Many argue that market mechanisms can handle a
situation like this, with the incumbents either
being able to surf on the successive waves of
technologies, or, alternatively, trading their
spectrum properties. However, we have witnessed
first-hand in the last decade the potential
limitations and vagaries of “market mechanisms”,
in real estate or financial services for instance,
resulting in years of stagnation and loss of
millions of jobs in Europe and the US.

In a long-term technology evolution perspective,
it is important that assignment of the frequency
bands should not provoke long-term, or worse,
definitive, spectrum fragmentation. The duration
of the licenses, in particular in the shared case,
which is an evolutionary scheme, should be
proportionate to the life cycle of the network
investments entailed. The spectrum property
manager should be able to optimize
comprehensively and consistently over time the
allocation of frequency bands. In order to
promote innovative spectrum uses, it gets help
from market mechanisms. But it has to prevent
the risks of non-competitive, non-innovative,
licensee behaviours, in particular spectrum
hoarding, that consists in keeping licensed
spectrum idle in order to fend off potential
competitors, or wait for an increase in its trading
value.

It follows, in the case of shared spectrum, which
will go through an exploratory period, license
duration should stick to the payback period of the
investments put in place.

B. A role for administrative pricing?



Administrative pricing was presented earlier in its
main varieties: fee recovery, incentive, and
benchmarking. In general, the length and
complexity of administrative procedures make an
awkward match to the working and dynamics of the
services and technologies expected to take place
within a sharing framework. This assertion has to be
nuanced however. In case we are looking at LSA
between a public entity incumbent, and commercial
operators as LSA licensees, administered incentive
pricing might come out as an interesting trade-off,
acknowledging both the public feature of the
considered frequency band, and the commercial
orientation of the shared licensee, thus avoiding
culture shock. The incentive level ought to be an
informed comparison with the valuation of
frequency bands where similar services are
provided, adjusted by the mitigation coefficient. We
know benchmarking and opportunity costs are
burdened with numerous uncertainties: how far are
the frequency bands comparable, do we have
enough data to establish reliably significant values,
etc. LSA being in a pioneering phase, the latter
requirement, in particular, is not fulfilled.
Eventually, however, we should not rule out AIP,
market oriented, but under administration control,
that could provide a welcome second-best.

C. Implementing Market mechanisms

Market mechanisms should play a central role in
spectrum assignment for commercial uses. The time
has come, however, to consider fully their variety,
and, in particular, fully assess the auction
mechanism that has prevailed in mobile cellular
services for now more than a decade.

1) Overall assessment of auctions -as currently
conducted- in the case of shared spectrum

Spectrum auctions were designed at a time of
financial exuberance, loss of regard for the realities
of the productive economy, blind faith in narrowly
defined market mechanisms, use of fiscal
expedients to cope with always deeper imbalances
in public spending. In the process, the mobile
telephony industries have shifted into oligopolies.
Are those oligopolies competitive: yes and no. On
the surface, and under close regulatory scrutiny,
they comply with competitive requirements.
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However, the repeated assignment of frequencies
over a decade to the same bunch of 3 or 4
companies in each domestic market is not what we
would call the image of a competitive market
process. Regulators, despite difficulty of sorting out
precisely structure and behaviour competitive
factors, have often had to take special steps to allow
new entrants, or prevent exits.

MNOs have become willy-nilly a funding channel
for needy government budgets. We cannot but think
this has created the new version of the capture of
the regulator. It was analysed and denounced by the
early critics of monopoly regulation in the seventies
[49], and led to the awkwardly named
“deregulation” movement, first in the airline
industry, then in telecommunications.

Presently, in the US, where the mobile oligopoly is
tight, and the rates are high, the FCC is considering
taking steps for promoting competitors. In Europe,
at least in some countries, rates are low, but the
investment capabilities of MNOs are seriously
hampered by a fragmented industry structure. Low
rates and market fragmentation combine with
punitive, repeated, levies on operators exerted by
governments, even before they have earned a cent,
to account for a damaging investment gap in the
Community.

The time might have come, not to get back to the
dreams of universal unlicensed spectrum of the
early millennium, but to a more open and
innovative view of the mobile services market.
Practical considerations ought to be given to
introducing elements of competition, or at least
contestability, and to let the door open to
innovation, be it in technologies, in services, and in
letting in new entrants, small of big.

Strategies to let the mobile services industry bring
all the benefits, short-term or long-term it can,
should prevail over easy money for the government
budgets  considerations.  Grandstanding  but
misguided speeches of abstract market principles
should not look away from reality. Assignments
principles should be defined to benefit consumers,
investments, and all industry sectors that can take
advantage from a competitive and innovative
wireless services industry.

The introduction of ASA/LSA is a good
opportunity. It remains inscribed within the existing
regulatory framework. But at the same time, it can



pave the way to innovative services, new modalities
of service provision, and the regulatory rules that go
with it.

The shortcomings of upfront fee auctions are
compounded it the case of LSA/ASA by the high
risk of impracticality: markets are not well
equipped, or reluctant, to deal with shared goods
and services (see the attempts to auction bands with
public service provision in the US). Consequently,
we think, LSA/ASA should not be auctioned in the
same way as exclusive rights.

2) Bidding on rents or royalties

It is of interest to design an assignment method that
avoids the shortcomings of upfront fee auctions,
while preserving the advantages of market
mechanisms. It is analogous to the rents on real
estate market, in the sense that it actually consists in
bidding on usage fees or rents. [50], [51] and [45]
have compared different methods of spectrum
license fee payments. Kwon’s conclusion:
“...royalties have a stronger effect on facilitating
investment in volatile business environments than
do upfront-lump sum fees” [51, p. 133], applies
even strongly in the novel case of shared access.
Auctions could be conducted on rents (fixed usage
fees), royalties (linked to income, profit or
turnover), or a mix of the two.

D. Criteria for next generation pricing of spectrum

To summarise, it is fair to say the criteria to
which ASA/LSA assignment should correspond are:

1. Feasibility and adaptability

2. Open to technology and service innovation
and encourage investment

3. Robust enough to be applicable to changing
spectrum access technologies over time

4. Compliance with market mechanisms and
competition

5. Consistency: similar activities, for instance
commercial, or non-commercial, are
submitted to the same valuation/pricing
regime.

6. Consistent with previous assignments modes
for similar service provision
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7. Pro-competitive: should not result in
establishing and protecting oligopolies

8. Future proof: Provides a dynamic transition
course for future assignment modes

The table below proposes a preliminary assessment
of the AIP and auctions approaches with regards to
these criteria. We see the outcomes are nuanced,
although AIP and auctions on yearly fees emerge as
superior.
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AIP Auctions on lump Auctions on
sums yearly usage fees
Feasibility and ++ ++ Adjustable over time
T +++
adaptability
Open to technology and Not very flexible Might deter service Better acceptance
thp : id +++
service innovation and * provicers
encourage investment
++ Risk of incumbents Open to new entrants

Robust enough to be
applicable to changing
spectrum access
technologies over time

sluggishness
+

and new technologies
+++

Compliance with market

Hard to adjust

Risk of reinforcing

Favours open

. + oligololy competition
mechanisms and
+ +++
competition
Consistency with other + ++ ++
spectrum assignment
methods
Consistent with previous + Conforms to prevalent +
assignments modes for assignment mode today
+++
similar service provision
It should not result in ++ + More aff(;rda'tole for
. . . new entrants
establishing and protecting it
oligopolies
+ + The most flexible

Future proof: Provides a
dynamic transition course
for future assignment
modes

+++




VII. CONCLUSIONS

As indicated by ETSI [29]: “The possibility of
lower cost, shorter-term, licensing options provided
by the LSA regime could foster new innovative
ideas and contribute to economic growth throughout
the CEPT countries”.

What valuation/pricing scheme is warranted to meet
these objectives, and, in Europe in particular, what
can help the EU catch up and bridge its
telecommunications investment gap?

The issue of valuation/pricing of ASA/LSA, can be
addressed by the decision maker as business as
usual: auctioning out the considered band as has
been the case for mobile telephony bands recently
in the form of auctions on down payment upfront
fees? This has been obviously disastrous and has
contributed to the poor situation of the European
telecoms sector.

An innovation-oriented policy, however, would
have the decision maker consider the innovative
character of ASA/LSA and aim at a valuation
pricing mechanism especially conducive to
innovation and new entrants [52].

In the new phase ahead, with LSA playing a new
role, Europe should get rid of the upfront fees
auctions mechanisms.

Given the variety of potential spectrum sharing
situations, it will not be possible to adopt just one
best valuation and pricing scheme. In case for
instance, LSA is seen as a complement to existing
licenses to allow carrier aggregation and increase
capacity, the interested operators are limitatively
listed, and administered incentive pricing can take
place. In the same spirit, if a consultation conducted
by one administration shows the demand for the
considered frequencies do not exceed their supply,
it would not make sense to put up an auction.

Is there is just one best solution, or, considering the
variety of combinations of shared users, often
associating public and commercial entities, should
we settle for case-by-case? It seems advisable to
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make informed choices between the alternative
approaches we have selected.

Our proposed action plan would be the following:
In a first stage, and if the frequency band considered
for LSA is seen as essentially a complement to the
existing spectrum portfolio of MNOs, putting in
place a temporary licensing mechanism, based on
Administered Incentive Pricing, allowing for an
experimental period, to be prolonged or not,
depending on the success encountered.
Alternatively, or in a second stage, emphasising the
innovative outcomes expected to take place in the
LSA bands, auctions by payment over time:
instalments, auctions on yearly usage fees, with set
aside spectrum provisions for new entrants, would
create the economic conditions for an efficient use
of the radio spectrum.
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