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Abstract

Internet has become an ubiquitous service and human need. Mobile networks
have been struggling with the "Mobile Data Tsunami", an increase in mobile broadband consumption due to faster networks, powerful devices and more traffic-demanding
applications, as well as a higher penetration volume. According to Cisco mobile data
traffic is expected to grow to 15.9 exabytes per month by 2018, that is almost eleven
times the mobile data traffic of 2013.
Spectrum is a key factor for network deployments, since it determines the capacity of the network. Nonetheless, spectrum is a limited natural resource, i.e. a finite,
non-exhaustible common resource. In order to fulfill the high performance targets
of future mobile broadband (MBB) systems, a more efficient use and more effective
management of spectrum resources have to be developed.
Licensed Shared Access is a new complementary spectrum access scheme that
allows for the sharing of partially used licensed spectrum from an incumbent (e.g.
a government organization), by a limited number of “LSA licensees” (e.g. Mobile
Network Operators). The LSA agreement follows pre-defined dynamic or static
sharing conditions, that determine where, when and how to use the incumbent’s
spectrum.
The implementation of Licensed Shared Access needs the support of a very good
regulatory framework and follow the harmonized spectrum pathway. Spectral harmonization, or the uniform allocation of frequency bands across entire region lowers
the technology costs, making it easier for any country to consider its implementation.
Once adpoted throughout the regions, economies of scale are achieved.
Some first steps towards a new framework based on LSA have been given in
Europe and North America, however to consider LSA as a real option, a complete
analysis considering more markets is needed. It is crucial to consider how other
regions around the world can be affected by this new approach in order to see if
LSA is a viable option or not.
The approach taken in this research covers the interrelations between technical,
market and regulatory conditions in the Americas in order to present the possible
value of LSA. The first part of the study deals with the analysis of the technical
aspects of LSA. The following parts deal with under what conditions the evaluation
is made. First, the study deals with the market conditions found in the Americas
as a whole, to then deal with a more specific study of the market and regulatory
conditions of selected countries in the region.
The research showed how there are several ways LSA can bring positive value
to established and emerging actors in the Americas, specially in high traffic areas,
and/or indoor environments. However, and despite the advantages of LSA, the
timing is not there yet. The region still has plenty of spectrum to be allocated as
exclusive spectrum, which is preferred by operators. The low mobile broadband
penetration in most of the region is also a factor for the low value of LSA in the
time of this study.
i

Abstract
Internet har blivit en allmänt förekommande service och mänskliga behov. Mobilnät har kämpat med "Mobile Data Tsunami", en ökning av mobilt konsumtions
bredband på grund av snabbare nät, kraftfulla enheter och fler trafik-krävande applikationer, samt en högre penetration volym. Enligt Cisco mobil datatrafik förväntas
växa till 15,9 exabyte per månad år 2018, är att nästan elva gånger den mobila datatrafiken 2013.
Spektrum är en nyckelfaktor för nätutbyggnad, eftersom det avgör kapaciteten
i nätet. Ändå är spektrum en begränsad naturresurs, dvs en ändlig, icke-ändliga
gemensam resurs. För att uppfylla de höga resultatmål för framtida mobilt bredband (MBB) system, en effektivare användning och effektivare hantering av spektrumresurser måste utvecklas.
Licensierad Shared Access är en ny kompletterande tillgång spektrum system
som gör det möjligt att dela med sig av delvis använda licensierat spektrum från en
befintlig (t.ex. en statlig organisation), med ett begränsat antal "LSA licenstagare"
(t.ex. Mobile Network Operators). LSA Avtalet följer fördefinierade dynamiska
eller statiska delningsvillkor, som bestämmer var, när och hur man använder den
dominerande operatörens spektrumet.
Genomförandet av Licensed delat tillträde behöver stöd från en mycket bra
regelverk och följer den harmoniserade vägen spektrumet. Spectral harmonisering,
eller en enhetlig fördelning av frekvensband över hela regionen sänker teknikkostnader, vilket gör det lättare för något land att överväga dess genomförande. En
gång är anpassad efter hela regioner, är skalfördelar uppnås.
Några första steg mot en ny ram baserad på LSA har fått i Europa och Nordamerika, men att betrakta LSA som ett verkligt alternativ, krävs en fullständig
analys med tanke på fler marknader. Det är viktigt att fundera på hur andra regioner runt om i världen kan påverkas av denna nya metod för att se om LSA är en
möjlig lösning eller inte.
Ansatsen i denna forskning omfattar samspelet mellan tekniska, marknadsmässiga och rättsliga villkoren i Amerika för att presentera det möjliga värdet av LSA.
Den första delen av studien behandlar analysen av de tekniska aspekterna av LSA.
Följande delar behandlar vilka villkor utvärderingen görs. Först behandlar studien
med de marknadsförhållanden som finns i Amerika som helhet, för att sedan ta
itu med en mer specifik undersökning av marknaden och regler i utvalda länder i
regionen.
Forskningen visade hur det finns flera sätt LSA kan ge positivt värde till etablerade och nya aktörer i Amerika, speciellt i högtrafikerade områden, och / eller inomhusmiljöer. Men trots fördelarna med LSA, är tidpunkten inte där ännu. Regionen har fortfarande gott om spektrum att fördelas exklusiv spektrum, som föredras
av operatörerna. Den låg mobilpenetration bredband i större delen av regionen är
också en faktor för det låga värdet av LSA i tiden för denna studie.

ii

To mom and dad.

Acknowledgements
The road has been long and sometimes winding. What once started in Mexico,
and passed through Barcelona, is now finalizing here in Stockholm. I would like to
thank to all those who have been there, for me, whenever it was necessary. Firstly
and foremostly, my dear parents, who have always given me their support and love,
as well as opportunities and encouragement to pursuit my goals and dreams. My
brother, who reminded me the importance of pursuing happiness and joy, everywhere. My grandparents for setting the example of hardwork and perseverance to
the entire family.
I would also like to thank all the professors I’ve had the opportunity to have during my studies.Especially, I want to express all my gratitude to Jan I Markendahl for
giving me the opportunity, and freedom to work on this thesis work. I am grateful
for being able to work within the techno-economic group of Wireless@KTH. To my
supervisor Ashraf Awadelakrim Widaa Ahmed, for the guidance and fruitful discussions and contributions. And last, but not least, to Sílvia Ruiz Boqué for all her
support in Barcelona.
Finally, I would like to thank all those whom I have shared amazing experiences
with. Jimena Valdés for all her love, advices, and for supporting me despite the long
distance. Óscar Álvarez, my accomplice in this Swedish adventure. Martí Boada,
who made me feel at home. My family in Sweden: Celia Carvajal, Yuanya She, and
Ferran Bertomeu. The people at Wireless@KTH, and to my amazing friends back
at Mexico. Thanks to all.

Gerardo Daniel Aguirre Quiroz
Stockholm, Sweden, 2014

iv

Contents
List of Tables

vii

List of Figures

viii

Acronyms & Abbreviations
1 Introduction
1.1 Background . . . .
1.2 Motivation . . . . .
1.3 Research Questions
1.4 Related Work . . .
1.5 Scope . . . . . . .

.
.
.
.
.

2 Research Approach
2.1 Research Approach .
2.2 Methodology . . . .
2.3 Qualitative Method .
2.4 Quantitative Method

.
.
.
.
.

.
.
.
.

ix

.
.
.
.
.

.
.
.
.

.
.
.
.
.

.
.
.
.

3 Licensed Shared Access
3.1 Spectrum Access Schemes
3.2 Cognitive Radio . . . . . .
3.3 LSA . . . . . . . . . . . .
3.4 LSA Stakeholders . . . . .
3.5 LSA Agreement . . . . . .
3.6 LSA Architecture . . . . .
4 The
4.1
4.2
4.3
4.4
4.5
4.6
4.7

Americas
The Region . . . . . .
Mobile Growth . . . .
Wireless Revenues . .
Spectrum Allocation in
LSA in the Region . .
The 3.5 GHz Band . .
Region’s Overview . .

. .
. .
. .
the
. .
. .
. .

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

. . . . .
. . . . .
. . . . .
Region
. . . . .
. . . . .
. . . . .

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.

1
1
3
4
4
6

.
.
.
.

8
8
9
9
12

.
.
.
.
.
.

14
14
16
16
17
18
18

.
.
.
.
.
.
.

20
20
21
21
22
22
22
24

5 The Countries
26
5.1 Chile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
5.2 USA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
v

CONTENTS
5.3

vi

Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

6 Analysis
35
6.1 Comparative Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.2 Cost Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
6.3 SWOT Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
7 Conclusions
7.1 Research questions . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7.2 Comparison with other spectrum schemes . . . . . . . . . . . . . . .
7.3 Limitations and Future Work . . . . . . . . . . . . . . . . . . . . . .

47
47
49
49

A Interviews
53
A.1 Interview: Gerardo Muñoz (América Móvil, Claro Chile) . . . . . . . 53
A.2 Interview: Ken Corcoran (AT&T, USA) . . . . . . . . . . . . . . . . 56
A.3 Interview: Gerardo Aguirre (América Móvil, Telcel Mexico) . . . . . . 59
B MNOs in the Selected Countries
B.1 Chile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B.2 USA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B.3 Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

61
61
64
65

List of Tables
3.1

Spectrum Access Schemes . . . . . . . . . . . . . . . . . . . . . . . . 17

4.1

The Americas: Region’s Overview . . . . . . . . . . . . . . . . . . . . 24

5.1
5.2
5.3

Chile: Spectrum Allocation . . . . . . . . . . . . . . . . . . . . . . . 28
USA: Spectrum Allocation [44] . . . . . . . . . . . . . . . . . . . . . 30
Mexico: Spectrum Allocation . . . . . . . . . . . . . . . . . . . . . . 33

6.1
6.2

Assumed Numerical Values . . . . . . . . . . . . . . . . . . . . . . . . 38
Assumed Traffic Values . . . . . . . . . . . . . . . . . . . . . . . . . . 39

vii

List of Figures
1.1
1.2

Cisco’s Global Mobile Data Traffic Forecast by Region . . . . . . . .
The gap: An analysis of the complete landscape . . . . . . . . . . . .

3.1
3.2
3.3

Spectrum Authorization Schemes . . . . . . . . . . . . . . . . . . . . 15
LSA Stakeholders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
LSA Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.1
4.2
4.3
4.4
4.5

ITU Regions [17] . . . . . . . . . . . . . . . .
Network Technologies in the Americas [18] . .
3.5 GHz around the world [26] . . . . . . . . .
Country Graph: HHI vs Mobile Penetration vs
Country Graph: Selected Countries . . . . . .

. . . . . . . . . . . .
. . . . . . . . . . . .
. . . . . . . . . . . .
Allocated Spectrum
. . . . . . . . . . . .

.
.
.
.
.

20
21
23
25
25

5.1
5.2
5.3
5.4
5.5
5.6

Chile: Market Share . . . . . . . . . . . . . . . . . . . . . . . . . .
Chile: Evolution of Mobile and MBB Penetration (2009-2013) [27] .
USA: MNO’s Market Share [38] . . . . . . . . . . . . . . . . . . . .
USA: Evolution of Mobile and MBB Penetration (2009-2013) [38] .
Mexico: Market Share . . . . . . . . . . . . . . . . . . . . . . . . .
Mexico: Evolution of Mobile and MBB Penetration (2009-2013) [49]

.
.
.
.
.
.

26
27
29
30
32
33

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

GDP per capita & ARPU Comparisons .
Mobile Penetration . . . . . . . . . . . .
Spectrum Allocation Comparison . . . .
Mexico: Bandwidth vs Deployment Cost
Chile: Bandwidth vs Deployment Cost .
USA: Bandwidth vs Deployment Cost . .
Demand vs Deployment Cost . . . . . .
Plot of SWOT Analysis . . . . . . . . . .

.
.
.
.
.
.
.
.

36
36
37
39
40
40
42
45

viii

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

2
7

Acronyms & Abbreviations
3G

Third Generation of Mobile Telecommunications Technology

3GPP

3rd Generation Partnership Project

4G

Fourth Generation of Mobile Telecommunications Technology

APAC

Asia Pacific

APT

Asia Pacific Telecommunity

ARPU

Averate Revenue Per User

ASA

Authorized Shared Access

AWS

Advanced Wireless Services

BWA

Broadband Wireless Access

CAPEX

Capital Expenditure

CDMA

Code Division Multiple Access

COFETEL Comisión Federal de Telecomunicaciones
CRS

Cognitive Radio Systems

CUS

Collective Use of Spectrum

DL

Downlink

DoD

Department of Defense

EC

European Comission

EV-DO

Evolution-Data Optimized

FCC

Federal Communication Commission

FDD

Frequency Division Duplexing

FSS

Fixed Satellite Services

GDP

Gross Domestic Product

GHz

Gigahertz

GSM

Global System for Mobile Communications
ix

LIST OF FIGURES

x

HHI

Herfindahl-Hirschman Index

ICT

Information and Communications Technology

iDEN

Integrated Digital Enhanced Network

IFT

Instituto Federal de las Telecomunicaciones

IMT

International Mobile Telecommunications

ITU

International Telecommunications Unit

ITU-R

International Telecommunications Unit - Radiocommunications Sector

LSA

Licensed Shared Access

LTE

Long Term Evolution

LTE-A

Long Term Evolution Advanced

M2M

Machine To Machine

MBB

Mobile Broadband

MEA

Middle East and Africa

METIS

Mobile and wireless communications Enablers for the Twenty-twenty
Information Society

MHz

Megahertz

MNO

Mobile Network Operator

MVNO

Mobile Virtual Network Operator

NRA

Natioan Regulatory Authority

NTIA

National Telecommunications and Information Administration

OCDE

Organisation for Economic Co-operation and Development

PCAST

President’s Council of Advisors on Science and Technology

PCS

Personal Communications Service

QoS

Quality of Service

SCT

Secretaría de Comunicaciones y Transportes

SUBTEL

Subsecretaría de Telecomunicaciones

SWOT

Strengths, Weaknesses, Opportunities, and Threats

TDD

Time Division Duplexing

TVW

TV White Spaces

xi

LIST OF FIGURES

UL

Uplink

UMTS

Universal Mobile Telecommunications System

US

United States

VNI

Visual Networking Index

WiMAX

Worldwide Interoperability for Microwave Access

Chapter 1
Introduction
We live in an always-changing society where new advances in technology transform
the way the society behaves and interacts. New interactions between people have
called for new planning. Just like congested streets, that have to be improved by
a better city plan, the original allocation of radio spectrum that was once planned
to fulfill the needs of different telecommunications services, needs to improve. The
effects of these changes do not only bring new technical requirements, but also new
economic concerns.

1.1

Background

Internet plays a very important role in the society by having become an ubiquitous
service and human need. Faster networks, more powerful devices and more trafficdemanding applications, as well as a growing number of connected devices, are
making the increasing number of mobile broadband (MBB) access users to trigger
the so-called Mobile Data Tsunami. According to figure 1.1, Cisco forecasts that
mobile data traffic is expected to grow to 15.9 exabytes per month by 2018, nearly
an 11-fold increase over 2013. In fact only in 2013 the mobile data traffic grew 77 per
cent in North America, and 105 percent in Latin America. The increasing amount
of data and video traffic carried by mobile networks, and the expected traffic from
Machine-To-Machine (M2M) services has recently raised the demand for enhanced
network capacity, which is likely to exceed spectrum capacity in the near future.
Mobile Network Operators (MNOs) have been following a traditional way to try
to keep up with the new capacity demand. They have enhanced their networks by
using new radio access technologies with better spectral efficiency, and increased
the number of base stations. However, to reach the high bandwidth required for
the current mobile data traffic trend, more spectrum is needed. The United States’
Federal Communications Commission has called this impending lack of spectrum:
The Spectrum Crunch.
1
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Figure 1.1: Cisco’s Global Mobile Data Traffic Forecast by Region
Spectrum is a key factor for network deployments, since, according to [1], the
allocated amount of it determines the capacity of the network. Nonetheless, spectrum is a limited natural resource, i.e. a finite, non-exhaustible common resource.
In order to fulfill the high performance targets of future mobile broadband (MBB)
systems, a more efficient use and more effective management of spectrum resources
have to be developed.

Introduction to Licensed Shared Access / Authorized Shared
Access
In order to correspond to the new network’s demands and economical concerns,
and address the spectrum shortage, new spectrum sources and schemes have been
pointed out. Spectrum sharing is considered to be particularly interesting; with this
scheme a given portion of the electromagnetic spectrum is shared by two or more
parties. The main purpose of spectrum sharing is to make use of these unused gaps
of spectrum in order to improve coverage, or more importantly: capacity.
Solutions utilizing licensed spectrum and/or licensed exempt spectrum have been
created to solve the capacity obstacles presented in indoor deployments. Femtocells
using dedicated licensed spectrum, as well as License-Exempt alternatives such as
Wi-Fi have been deployed to offload network’s data traffic. Due to the scarcity of
cellular spectrum, dedicated licensed solutions face technological, economical and
regulatory issues. On the other hand, license-exempt solutions cannot guarantee a
good quality of service (QoS), and provide a low spectral efficiency due to spectrum
congestion. For this reason, new alternatives for spectrum bands and spectrum
access schemes have been created.
Licensed Shared Access (LSA) / Authorized Shared Access (ASA) is a new complementary spectrum access scheme that allows for the sharing of partially used licensed spectrum from an incumbent (e.g. a government organization), by a limited
number of “LSA licensees” (e.g. MNOs). The LSA agreement follows pre-defined
dynamic or static sharing conditions, that determine where, when and how to use
the incumbent’s spectrum. The main advantages of LSA are to ensure predictable

3
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QoS, and that it can offer a higher spectral efficiency than license-exempt spectrum,
at a lower cost than dedicated licensed spectrum.

The role of National Regulatory Agencies
Assessing the selection of which spectrum scheme (or combination of schemes) should
an operator use, implicates different approaches and considerations. The role of
National Regulatory Agencies is very important for the development of mobile networks. Currently, regulators are doing efforts to encourage more competition among
the MNOs, and to implement better opportunities for all types of actors: established or greenfield. However, since the National Regulatory Agencies (NRAs) are
either country-specific, or industry-specific, the advances and regulations on spectrum sharing access are not necessarily the same among all the countries. Most of
the development on the topic is based on Europe by the European Commission,
and in the United States by the President’s Council of Advisors on Science and
Technology and Federal Communications Comission. However it is important for
regulators to target harmonized spectrum sharing approaches across the globe to
ensure economies of scale and feasible long term investments.

1.2

Motivation

The soaring traffic that is expected for the coming years represent a massive challenge. Next-generation technologies already offer benefits over earlier technologies,
like a much better spectral efficiency. However, the industry is facing a mobile spectrum shortage, or as the FCC calls it the “Spectrum Crunch”, where massive data
traffic is consuming most of the allocated spectrum for wireless communications. In
order to meet the growing demand new spectrum sharing schemes have to be considered and analyzed. Every spectrum scheme must follow a fundamental pathway
in its development:
1. Harmonization
2. International Adoption
3. Economies of Scale
Spectral harmonization, or the uniform allocation of frequency bands across entire region lowers the technology costs, making it easier for any country to consider
its implementation. Once adpoted throughout the regions, economies of scale are
achieved.
Licensed Shared Access can be considered to be an attractive and robust sharing
option for the industry. However, the implementation of Licensed Shared Access
needs the support of a very good regulatory framework and follow the harmonized
spectrum pathway. Currently only the regulatory bodies from the European Union
and the United States have started to take the initial steps into LSA, but even that
is not enough. It is crucial to consider how other regions around the world can be
affected by this new approach in order to see if LSA is a viable option or not.
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1.3

4

Research Questions

An international adoption and harmonization is needed in order to have LSA aligned
to standards, and thus, achieve competitive economies of scale in both mobile devices
and network equipment. The aim with this master’s thesis is to analyze the potential
value that LSA can bring to the telecom markets in the Americas to both established
actors, i.e. MNOs, and to emerging actors and technologies, i.e. MVNOs, M2M and
IoT. In order to understand how can LSA bring any value to each country, the
reality of the country must be taken into consideration. The penetration of mobile
broadband and the total amount of spectrum allocated are two main variables to be
taken into account. In this sense, the main research question is the following:
• What is the value of LSA for established and emerging actors in the Americas?
Spectrum scheme adoption depends on both the market and the regulatory conditions. The competition within a market, and the spectrum allocation, are some
of the facts that have to be considered. Hence, the following research question was
defined:
• How does the value of LSA depend on the different market and regulatory
conditions found on the Americas?
The implementation of LSA has to consider the possible opportunities it can
bring to the established actors, as well as the emerging actors. Hence, the next
research question was defined:
• What kind of business opportunities could LSA bring to the actors in the
studied countries?
The Americas as a continent, has a total of thirty five countries. Each country
is different from each other, however the countries can be grouped based on similarities. The answer to our research questions will consider a comparative analysis
of representative countries from North America and Latin America. Their different
markets and regulatory situations must and will be discussed.

1.4

Related Work

In order to have an exhaustive view of the problem, the following topics are considered to be the major areas of this analysis, and thus will be analyzed. The
description of the previous work done in each of the major areas, will lead to the
project’s contribution:
A Spectrum
B LSA
C Regulatory Conditions
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Spectrum
The availability of spectrum and the efficiency of its usage are key factors to be
considered in any network deployment, especially in future scenarios where capacity
demand is expected to be high. The value of spectrum and the impact of spectrum
aggregations is analyzed in [2]. Molleryd, et al, address the importance of spectrum
strategy for operators, and the increased significance of spectrum to regulators. It
considers not only coverage and capacity factors, but also spectrum’s vital role in
the competitive marketing positioning between mobile operators. Weiss and Cui
examine in [2] the business decision that a spectrum entrant must take with regard
to technology choice. Their analysis, based on two case studies, provides a guideline
for spectrum users to choose from different spectrum schemes.

LSA
The concept of Licensed Shared Access, as well as the benefits of LSA as a complementary approach are presented in [3]. The paper also gives an introduction to
the advantages, market perspectives, legal and regulatory considerations, technical
realization and the standardization efforts of LSA. LSA is considered by the Mobile
and wireless communications Enablers for the Twenty-twenty Information Society
(METIS) project in [4] as a possible spectrum sharing mode that will enhance the
performance and capacity of MBB systems. The METIS project proposes the Spectrum Sharing Toolbox, a set of tools that will enable a MBB system to operate
in potentially relevant spectrum sharing scenarios. It addresses the tools to enable
sharing in primary user mode, unlicensed mode and licensed shared access mode.
A more detailed information and explanation of the sharing toolbox is presented in
[5].
Business Models and Investment options of LSA are analyzed in [6], the authors
conclude that a LSA business case, where the key resource for the operator is spectrum awarded using LSA is not feasible for outdoor deployments, while on indoor
deployments the fact that the cost structure is the same, makes it attractive. In [7]
a techno-economic framework focused on indoor environments is presented. It aims
to analyze the capacity and cost of different spectrum licensing options, considering
important cost drivers such as radio equipment cost, backhaul cost, operation and
maintenance cost.

Regulatory Conditions
In [8] the history of the international policies behind radio spectrum access, as well
as the regulatory issues of spectrum sharing is reviewed. Marcus states that the major obstacle for radio spectrum access are incumbent users who fear interference, and
prefer to have exclusively allocated spectrum, however this problem could be fixed
with new regulatory conditions. In [9], Marcus presents the issues of novel spectrum
schemes such as Licensed Shared Access, Collective Use of Spectrum (CUS), in both
Europe and the United States. Examples of actions taken by the European Commission (EC) and the President’s Council of Advisors on Science and Technology
(PCAST) in order to promote the usage of these kinds of spectrum access schemes
are also mentioned.
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The Spectrum landscape in the Latin American region is presented in [10]. A
general overview of each country’s spectrum situation, as well as future spectrum
plans considering International Telecommunications Unit (ITU) recommendations,
are presented. In [11], 4G Americas presents an examination of how spectrum,
technology and policy innovation are all needed for the achievement of the so-called
1000x challenge.
The current regulatory framework, research activities and standardization efforts
towards a shared use of spectrum in the European Union is addressed in [12]. P.
Marques, et al, state that standardization can create customer confidence, economies
of scale, market growth and technological evolution to new technologies. The unlicensed spectrum scheme, along other trends in regulation of secondary access to
white spaces, is discussed in [13]. The paper reviews the related work in worldwide
regulation of cognitive radio-based secondary access to radio spectrum.
Based on their experience from spectrum sharing in the TV White Spaces, the
Federal Communication Commission (FCC) proposes in [14] the shared use of the
3.5 GHz Band, currently used for military and satellite operations. According to
the FCC, the 3.5 GHz Band appears to be an ideal band in which to propose small
cell deployments and shared spectrum use.

1.5

Scope

The value of having more spectrum is clear and has been addressed in several researches discussed in the previous section. Some first steps towards a new framework
based on LSA have been given in Europe and North America, however to consider
LSA as a real option, a complete analysis considering more markets is needed.
The selection of one or a combination of spectrum sharing schemes and technical
solutions depends on specific conditions for every market. It is impossible to find out
one only solution to fit all countries. The regulators are a key part of these scenarios;
their decisions and regulations depend not only on technical requirements. In order
to maintain a fair market, economic and social aspects also have to be considered.
According to the forecasts, the growth in The Americas will be important. The
US has already started to see the advantages of LSA, but nothing clear has been
done. Historically Latin American countries follow the technology lead of the US
on standards making and band allocation policy.
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Figure 1.2: The gap: An analysis of the complete landscape
Wrapping up, the contribution of this thesis is to present the value LSA has
for different actors and its landscape in the Americas. A comparison between the
different spectrum access schemes available will be presented and complemented with
an evaluation of LSA considering the spectrum, market and regulatory conditions
of several countries (See 1.2). In addition to this, examples of scenarios where LSA
can bring more value will be proposed.

Chapter 2
Research Approach
Chapter Introduction
This chapter presents the approach used the research. The methodology followed for
the modeling and analysis is presented in detail. First, an explaination of the qualitative method used and its three phases are presented. The literature review, the
data collection and the analysis framework used for the data analysis are outlined.
Finally the quantitative method and the assumptions considered are discribed and
discussed.

2.1

Research Approach

The approach taken in this research covers the interrelations between technical,
market and regulatory conditions in the Americas in order to present the possible
value of LSA. The first part of the study deals with the analysis of the technical
aspects of LSA. The following parts deal with under what conditions the evaluation
is made. First, the study deals with the market conditions found in the Americas
as a whole, to then deal with a more specific study of the market and regulatory
conditions of selected countries in the region.
The technical aspects of this study are focused on explaining the design of LSA
and compare it to other spectrum schemes. The different types of spectrum schemes
are introduced in order to understand how they differ from one another. Then
the LSA concept is covered and complemented with an analysis of its actors and
relations. The technical analysis provides information about:
• What other spectrum schemes exist
• What is the difference between different spectrum schemes
• The concepts behind the creation of LSA
• A comparison between the different spectrum schemes considering important
attributes that point out the feasibility for every scheme
• What activities, roles and actors that are part of the architecture
On the other hand, the market and regulatory aspects are focused on explaining
the conditions present in the Americas. A first high-level analysis with the general
8
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information regarding the region’s telecommunications evolution and current situation of the telecommunications environment is covered. After the study covers the
general aspects of the region, three countries are identified for a more in-depth analysis. The following part covers a more detailed analysis for the selected countries.
The market and regulatory analysis provides information about:
• What is considered to be the region
• What is the market evolution in the region
• What is general spectrum allocation in the region
• The first steps of LSA in the region
• A general overview of the region covering different market and regulatory
attributes
• Country-specific statistics regarding the market and regulatory conditions for
the selected countries
After the study explains under what technical, market and regulatory conditions
the evaluation is made, the analysis and evaluation of LSA is presented. The goal
with this phase is to present what can LSA offer to the region that is new and unique
compared to what is available on the other spectrum schemes. This is done by an
analysis that compares LSA scenario to non-LSA scenarios in terms of bandwidth
growth and demand growth.

2.2

Methodology

Given the nature of the research approach and objectives and in order to get a clear
understanding how the major areas, i.e. LSA, Market, and Regulatory Conditions
converge, an analysis based on qualitative and quantitative methods was performed.
Both methods complement to get a clear understanding of the study and answer the
research questions.

2.3

Qualitative Method

A comprehensive knowledge of the State of the Art is compulsory for the purpose of
this work. The qualitative analysis followed three complementary research phases:
• Literature Review
• Data Collection
• Data Analysis
• SWOT Analysis
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Literature Review
The literature review phase aims to deliver a study about the current advances in
terms of spectrum access schemes and their uses. Licensed Shared Access is a novel
spectrum authorization option that has not been defined completely, therefore a
review of articles, reports, white papers, etc. was needed to understand the possible
new direction to be taken. This phase also aims to get information regarding current
examples or trials where the different spectrum schemes have been applied.
The literature review aimed to get information about the different market and
regulatory conditions in the studied countries. Parameters such as Mobile Broadband penetration, Average Revenue Per User (ARPU), Number of MNOs, Market
Share, and Spectrum Allocation of the region were considered.

Data Collection
The Data Collection phase was based on getting information by carrying out interviews and discussions with actors involved. The discussions were carried out at
the GSMA Mobile World Congress through an unstructured technique where representatives of telecommunications companies were asked about their solutions for
LSA. The purpose of these discussions was to know if there is an economy of scale
feasibility from the device manufacturers’ side.
A set of three interviews were conducted with representatives of Chilean, Mexican and American operators. The interviewees were asked about their opinion
about the current market and regulatory environment, the business feasibility of
and the potential impact of unlicensed spectrum schemes and of LSA in specific.
The questions were organized in the following groups:
• Region Overview
• Country Specific
• Regulatory Conditions
• Market Conditions
• Unlicensed Spectrum
• LSA
The interviews were conducted to:
• Gerardo Muñoz - América Móvil, Claro Chile
• Ken Corcoran - AT&T, USA
• Gerardo Aguirre - América Móvil, Telcel Mexico
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Data Analysis
In the Data Analysis phase, the information gathered from the previous phases was
considered and interpreted. First in order to create a country classification, important attributes and indicators of the market and regulatory conditions of several
countries in the region were gathered and used:
• Country Population
• Mobile Penetration
• Herfindahl-Hirschman Index
• Spectrum Cap
• Allocated Spectrum
The purpose of this classification was to identify and group countries based on
similarities, in order to perform an in-depth analysis. A three-dimensional plot
showing the relation between spectrum allocation, mobile penetration and market
competitiveness, measured by the Herfindahl-Hirschman Index (HHI), was designed
to map the cirumstances of the region and to create the groups. After the groups
were define, the case-study countries were selected.
The analysis of the value of LSA is multi-dimensional and by its nature it includes
trade-offs between different requirements and attributes. The purpose of the research
is to present a complete analysis. It must consider technical and non-technical
aspects, as well as the legacy systems, and how they are used and exploited in the
studied countries.
Statistics describing the telecom market and regulatory conditions of each of the
case-study countries were presented. The information regarding the telecommunications market considered was:
• Mobile telephony penetration
• Mobile broadband penetration
• Mobile telephony market share
• Mobile broadband market share
The mobile telephony penetration is considered because it is a good indicator of
how can the MBB grow, with a good offer from the MNOs.
To complement the information from the telecom market, information regarding
the economic and financial situation in the countries was also treated:
• Country Gross Domestic Product (GDP)
• Evolution of Average Revenue Per User
The information regarding the regulatory conditions was based on spectrum
allocation:
• Total Amount of Allocated Spectrum per Band
• Average Allocated Spectrum per MNO
• Recent regulation politics
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SWOT Analysis
In order to deilver recommendations and to answer research questions, the Strengths,
Weaknesses, Opportunities, and Threats (SWOT) analysis framework was used. The
SWOT take on internal and external factors will be considered to understand what
the strengths, weaknesses, opportunities and threats are for both established, and
emerging actors. The SWOT analysis will contemplate the LSA spectrum scheme
as its center. Based on the previous sections, the quantitative study and the SWOT
analysis, recommendations will be formulated.

2.4

Quantitative Method

The quantitative analysis of bandwidth and demand describes the impact of LSA,
and any other spectrum scheme, and identifies when and where its implementation
could bring more benefits for the actors.

Cost Analysis
In order to understand the effects of adding new spectrum, two different cost analysis
were performed. In the first cost analysis the network costs for deployment in urban
areas as function of bandwidth are analyzed. The second cost analyis addresses the
network costs for deployment in urban areas as function of user demand.
To have an exhaustive analysis of the impact of LSA, the cost analysis were
based on a sensitivity analysis that considered different values for network costs,
user demand, and allocated bandwidth. The sensitivity analysis approach is important because spectrum costs depend on factors such as the frequency band, and on
spectrum availability.
The analysis considered the cost paid for the AWS spectrum in previous auctions,
as its base cost. Following the sensitivity approach, and in order to deliver a better
analysis and to show the possible value of LSA in comparison with other spectrum
schemes, variations to this value were also considered. The network modeling and
dimensioning for the analysis was based on previous values and estimations of urban
deployments.
The analysis contemplated urban areas due to their soaring traffic and their
high penetration numbers. The amount of bandwidth gained from a LSA agreement depends on the type of incumbent, the available spectrum and of course the
regulator, on the other hand the amount of base stations will depend on the capacity
requirements and on the operator’s planned investment.
Based on these values, several assumptions and varitions on the following values
were made:
• Population Density = Urban Scenarios
1. Mexico City
2. Santiago de Chile
3. New York City
• Average Traffic Per User = Cisco’s Forecast
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• Three main traffic demand scenarios:
1. Traffic from 2014
2. Forecasted traffic of 2018
3. Ten times the forcasted traffic of 2018
• Base spectrum cost per MHz per POP = GSMA values
• Three main cost variations:
– Base cost value
– 30% of the base cost value
– Eight times the base cost value.

Chapter 3
Licensed Shared Access
Chapter Introduction
In this chapter the concept of Licensed Shared Access will be defined and a correlation with other spectrum access schemes will be presented. The purpose of the
comparative analysis is to provide an outlook of what the advantages and drawbacks
of LSA are in comparison with other spectrum options.

3.1

Spectrum Access Schemes

The allocation of the radio spectrum bands can be divided in two main categories:
• Individual Authorization (Licensed)
• General Authorization (License Exempt / Unlicensed)

Individual Authorization
In the individual authorization regime the National Regulatory Authority (NRA)
grants the usage of radio spectrum to a specific actor. The usage rights are exclusive
of time, frequency and geographic region. For example, a Mobile Network Operator
(MNO) could be granted a certain frequency block over a fixed time for a nationwide
usage.
There are different levels of spectrum access and sharing models within this
authorization regime. These levels can be gathered into the following two main
groups:
• Authorized Primary Use
– Exclusive Access: Also named dedicated access. Following national laws
and regulations, the NRA grants spectrum licenses to operators. Only
the licensee has the right to use the allocated spectrum. The allocation
can be either nationwide or within a specific region.
– Shared Primary Access: In this model the spectrum license owners agree
to share on a joint mode, parts of their licensed spectrum.
• Authorized Secondary Use
14
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– Licensed Shared Access: Spectrum access rights are granted by a primary
license holder to one or more other users under certain service conditions.

The main difference between the two groups is that Authorized Primary Use
establishes an exclusive access right to use the assigned spectrum, guaranteeing
harmful interference protection that may be caused by secondary users. On the
other hand Authorized Secondary Use allows the sharing of spectrum previously allocated based on appropriate sharing rules that guarantee protection to the primary
users and guarantee predictable Quality of Service for the services of other licensees.
Quality of service measures the overall performance of a network, seen by the users.

General Authorization
In this authorization regime, any actor that complies with certain technical and
regulation conditions is granted the access right to use the allocated radio spectrum
bands. Neither interference protection among the users nor Quality of Service can
be guaranteed. There are no licenses granted, thus the cost for this radio spectrum
is typically zero.
Like in the individual authorization regime, there are different levels of spectrum
access and sharing models within general authorization:
• Unlicensed Shared Access: Unlicensed frequency bands are shared among several users, without protection rights against each other.
• Secondary Horizontal Shared Access: Similar to Unlicensed Shared Access but
with the addition of protection to primary users.

Figure 3.1: Spectrum Authorization Schemes
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Cognitive Radio

The International Telecommunications Unit - Radiocommunications Sector (ITU-R)
defines a Cognitive Radio System (CRS) 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 [15]."
CRS have many uses in mobile broadband networks. A MNO may use a CRS to
improve the management of its assigned spectrum resources. It also can be used as
an enabler of opportunistic spectrum access. A CRS is used for TV White Spaces
(TVWS). TVWS makes use of parts of the spectrum allocated to TV Broadcast,
available at a given time in a given geographical area. However, the implementation of CRS implies the need of new high-end equipment able to support it, which
translates into a bigger investment from the MNOs.

3.3

LSA

LSA is a complementary way of authorizing and accessing spectrum. It is based on
CRS techniques to determine spectrum availability. The LSA framework enables the
sharing of spectrum between a limited number of users. In this novel access model a
primary license holder, called the incumbent, would grant spectrum access rights to
one or more other users, called LSA licensees, following specific service conditions
established in a LSA agreement. The conditions on the LSA Agreement may be
static or dynamic. Static conditions establish a fixed use of the shared spectrum on
a frequency, location or time basis, while dynamic conditions could establish a use
of the shared spectrum on frequency, location and time basis (e.g. Geographic-time
sharing, on-demand authorization/restrictions). A key feature of LSA is to ensure a
predictable Quality of Service for all spectrum rights of use holders, the incumbent
and the LSA licensee whenever each has exclusive access to the spectrum.
The Radio Spectrum Policy Group defines LSA as:
“A regulatory approach aiming to facilitate 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 authorized 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 authorized users, including incumbents, to provide a certain
Quality of Service (QoS) [16]".
The following table (3.1) shows a comparison between different spectrum access
schemes. It shows how LSA is a promising solution that can provide MNOs flexibility
to expand their network.
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QoS
Regulation
Network
Interoperability
End-user
Equipment
Spectrum
Cost
Deployment
Cost

Licensed
High
High
High

Unlicensed
Very Low
None
Low

TVWS
Low
Low
Low

LSA
Medium High
Low
High

High

Low

Low

High

High

None

None

Low*

High

Low

Low

Medium Low

* Depends on the regulatory framework
Table 3.1: Spectrum Access Schemes

The sharing concept behind LSA provides an attractive alternative to a permanent segmentation and re-farming of a frequency band. Another advantage is the
fact that LSA utilizes existing assets; no special radio protocol needs to be supported
by the user terminals. One very interesting advantage is the fact that LSA could
contribute to a global harmonization of International Mobile Telecommunications
(IMT) bands. Some IMT bands cannot be exclusively assigned globally, however
shared bands through LSA can open more IMT bands.

3.4

LSA Stakeholders

There are three key stakeholders in the LSA Architecture: the incumbent, the LSA
licensee, and the regulatory body. They all interact via a LSA Agreement that establishes the way the spectrum is going to be shared. Figure 3.2 shows the stakeholders
in a LSA scheme.

Figure 3.2: LSA Stakeholders
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Incumbent
The incumbent could be the holder of an individual license, or a governmental organization (e.g. Defense, Civil Aviation) with allocated frequency bands. It provides
spectrum to be shared with the LSA Licensees (e.g. mobile industry and MNOs).
In the case of an individual license holder, it can be a player of any radio communication service. The incumbent could offer its low used spectrum to one or several
LSA licensees. The LSA spectrum usage is negotiated with the LSA Licensee in
accordance to the NRA’s LSA spectrum award rules. The LSA framework ensures
primary spectrum usage rights to the incumbent.

LSA Licensee
A LSA Licensee (e.g. MNO) makes use of the incumbent’s shared spectrum in a
dedicated way where, and when, the spectrum is not used by the incumbent following
the pre-defined LSA agreement. LSA Licensee needs to comply as a prerequisite,
to the LSA Spectrum usage license granted by the NRA. The LSA Agreement will
define how, when and where can the LSA Licensee use the LSA spectrum.

NRA
In the LSA framework the National Regulatory Agencies will be in charge of issuing
licenses to MNOs that allow them to use a band as a LSA licensee. These licenses
can be issued on individual or general basis. Other NRAs roles such as defining the
sharing conditions and usage requirements, and coordinating the sharing partners
in adjacent frequency bands and borders, remain the same.

3.5

LSA Agreement

The LSA Agreement must have clear conditions for proper spectrum usage by both
parts: the incumbent, and the LSA licensee. The incumbent is the primary license
holder, thus LSA should ensure full certainty, without operational restrictions, for
the incumbent. The LSA has the requirement to not cause harmful interference to
the incumbent. The LSA Agreement must also include detailed conditions under
which the incumbent can take back access to the spectrum in use by the LSA licensee.

3.6

LSA Architecture

Despite the minimum modifications to the existing infrastructure, the implementation of LSA requires the inclusion of two new components, a LSA Repository and a
LSA Controller. Figure 3.3 shows an overview to the LSA Architecture.

19

CHAPTER 3. LICENSED SHARED ACCESS

Figure 3.3: LSA Architecture

LSA Repository
The LSA Repository is a database containing information on the spectrum use of
the incumbent. It has information of the use in the spatial, frequency and time
domains. Depending on the nature of the incumbent, the information may contain
safety margins to mask its true activity. The NRA, the incumbent, or a third-party
can manage the LSA Repository.

LSA Controller
The LSA Controller is in charge of computing the spectrum availability based on
the LSA Agreement and the LSA Repository. It makes the spectrum availability
information available for the network. The NRA, the incumbent, the MNO or a
third-party can manage the LSA Controller.

Chapter 4
The Americas
Chapter Introduction
The purpose of this chapter is to understand and get a context of the mobile market
and regulations in the Americas. The tables and graphs presented in this chapter
will help to see the differences among the region, and to identify the countries to be
studied.

4.1

The Region

The International Telecommunications Union (ITU) divides the world in three regions to provide the basis for standards, spectrum management and regulatory policies. Region 2 covers the entire American continent and some eastern Pacific islands.
Figure 4.1 shows the ITU Regions.

Figure 4.1: ITU Regions [17]
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Mobile Growth

By the first half of 2013, the Americas had more than one billion wireless subscriptions, i.e. 16 per cent of all subscriptions worldwide. Latin America’s market grew
from 60 million subscribers in 2000 to 680 million in 2012. In the same year the
mobile data traffic grew 77 per cent in North America, and 105 percent in Latin
America. The region has a 130 percent mobile penetration. According to Cisco’s
Visual Networking Index (VNI) the 4G connections in Latin America will grow from
0.3 per cent in 2013 to 9.1 per cent in 2018, while in North America they will grow
from 24.5 percent to 50.6 per cent in the same period.
GSM and HSPA networks are present all along the region. However LTE is
having an aggressive deployment throughout the region. Eighteen countries from
the Americas have deployed LTE. According to Ericsson, LTE is expected to have 85
per cent of the North American market by 2019. Figure 4.2 represents the current
market share among network technologies in the whole region.

Figure 4.2: Network Technologies in the Americas [18]

4.3

Wireless Revenues

According to an analysis by 4G Americas [20], 48 percent of the U.S. mobile industry
revenues in the third quarter of 2013 came from mobile broadband, and it will keep
increasing. This represented more than $ 90 billion in mobile data service revenues
for the American market in 2013.
Several factors such as increasing investments in 3G and 4G networks, proliferation of smartphones, tablets and notebooks, local production of smart devices,
and subsidized prices and installment schemes, are accelerating the uptake of mobile
services in Latin America. According to Frost & Sullivan [21] the Latin American
market earned $ 86.32 billion in 2012 with expectation of reaching $ 112.45 billion
by 2017.
The contribution of mobile broadband to the ARPU of the Latin American
region (estimated to be $ 10.59) was 31 percent in the first half of 2013, according
to Bank of America Merrill Lynch [22]. Argentina, Mexico, Brazil and Colombia
have the highest data contribution among the region with 45, 37, 25, and 25 percent
respectively.
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Spectrum Allocation in the Region

In order to serve the growing demand, more internationally harmonized spectrum
throughout the region is required; harmonized spectrum would bring benefits from
the economies of scale. Currently the 850 MHz and 1.9 GHz spectrum bands are
common along the region. North America and some Latin American countries have
auctioned parts of the AWS 1.7/2.1 GHz bands, while other countries have gone
with the 2.5 GHz band. Regarding the 700 MHz band, Latin America decided to
take the Asia Pacific Telecommunity (APT) 700 band.
Two trends in the Latin American markets are having an impact on spectrum
allocation. Firstly, state-own operators are getting spectrum directly allocated,
without any kind of auction process. And secondly, there are operators with unused
allocated spectrum.
Bringing more spectrum to the market will help to deploy new technology faster,
increase the network’s performance and throughput speeds overcoming the low
ARPU and limited Capital Expenditure (CAPEX) in the Latin American region.

4.5

LSA in the Region

In order to fulfill the increasing demand, more spectrum has to be freed up. Exclusive
licensed spectrum is preferred by the industry, however it needs to be cleared and
this can take some time and bring high costs. MNOs will have to face the problem
soon. Schemes such as LSA enhance spectrum harmonization, bring economies of
scale and improve roaming capabilities.
The first steps in the region towards LSA were made by the United States. On
June, 2014 President Obama issued a memorandum to “facilitate the relinquishment
or sharing of spectrum allocated to US government agencies to make it available for
commercial wireless broadband technologies and create new avenues for wireless
innovation” [23].
Traditionally, in the region 2, countries from North America with higher GDP,
i.e. USA, pioneer on making standards and band allocation policies. Most of the
times, these standards and spectrum allocation policies are then adopted by southern
countries.
LSA targets globally harmonized mobile bands, thus it can take advantage of
economies of scale. Because LSA is a technology-neutral approach it can be used in
Frequency Division Duplexing (FDD) and Time Division Duplexing (TDD) deployments. The 3.5 GHz Band has been defined as the candidate frequency band for
the LSA implementation in the region. The band’s hamronization is very feasible
around the world, and it can be used on both FDD and TDD approaches. LSA is
a promising solution to overcome the problems from a re-farming process, such as
time, cost and political issues.

4.6

The 3.5 GHz Band

On December 2013 the FCC proposed to allocate the 3.5GHz band for small cell
deployment with the LSA scheme. They pointed out that LSA can incorporate the
necessary “geographic restrictions to protect existing Department of Defense (DoD)
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radar and Fixed Satelite Services (FSS) operations and to protect new commercial
systems from co-channel interference from high-powered military in-band shipborne
and adjacent band DoD ground-based radar systems [24].”
According to the Asian operators China Mobile and Softbank [25], the advantages and challenges of the 3.5 GHz band are:
Advantages
• High throughput for outdoor/indoor hot zone
• 200 MHz of available spectrum
• Well suited for handling the severe unbalance and fluctuation of Downlink
(DL)/Uplink (UL) traffic
• Great isolation to avoid interference, ensure QoS and enable frequency reuse
in the high frequency band
Challenges
• Low coverage range (0.3 kilometers)
• Chipset Availability
• Not globally harmonized yet
The most important challenge to be solved is the band’s global harmonization
issue. However, the band is very likely to become a globally harmonized spectrum
band. LSA can not only unlock some IMT bands occupied by incumbents but also
bring economies of scale from other regions. In some countries of the region the
3.5 GHz band has been already assigned for fixed data services, WiMax or Fixed
Satellite Services. The following picture depicts the situation of the 3.5 GHz band
around the world. A worldwide view on the band can be seen in fig 4.3.

Figure 4.3: 3.5 GHz around the world [26]
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Region’s Overview

The following table (4.1) gives key information of the region’s mobile market as well
as some information regarding allocated spectrum, and if present, the spectrum cap
for MNOs in the countries.
Country PopulationMobile
Penetration
%
Argentina 40,997,096 141.52
Bolivia
10,299,000 89.84
Brazil
198,423,000 132.79
Canada
34,880,000 76
Chile
17,402,63 152.83
Colombia 47,969,618 100.49
Costa
4,789,000 104.46
Rica
Dominican 10,164,000 90.86
Rep.
Ecuador
14,883,000 114.35
El Sal- 6,288,000 131.01
vador
Guatemala 14,051,000 107.65
Honduras 7,922,000 91.47
Mexico
114,800,000 87.54
Nicaragua 5,979,000 83.45
Panama
3,582,000 146.76
Paraguay 6,675,000 110.07
Peru
29,984,000 99.3
Puerto
3,743,000 80.9
Rico
USA
313,900,000 103
Uruguay 3,395,000 152.26
Venezuela 29,953,000 110.29

Number
of
MNOs

HHI

4
3
7
9
6
9
3

3161.45
3472.07
2468.25
2918.74
3494.54
4476.21
6384

Spectrum Allocated
Cap
Spec(MHz)
trum
(MHz)
50
190
No
180
40/60
503
55
488
No
395
30/85
412.5
No
260.6

4

4643.84

No

214.4

3
5

5984.22
3925.87

65
No

180
204

5
4
5
2
4
4
4
6

3527.63
7268.35
5411.69
5200
3814.10
4431.18
4745.49
5005.91

No
No
80
No
No
No
40/60
No

210.6
170
243
262
130
220
304
336.75

13
3
3

2686.44
3975.80
3750.33

No
No
No

608
270
204

Table 4.1: The Americas: Region’s Overview
The gathered information is helpful to map the competitiveness of the markets,
the mobile penetration and the total allocated spectrum for each of the studied
countries. The Herfindahl–Hirschman Index (HHI) is a good indicator of the market
conditions; The index ranges from 0 to 10,000, lower index scores imply better
conditions for a competitive market, while a high scores represents the opposite.
The following graph helps to have an idea of where does each country stand
in comparison with the rest of the region. Some countries with similarities can be
identified. In order to have a deep analysis it is better to divide the countries in
zones or regions. In figure 4.4 the amount of allocated spectrum for each country
is represented by the size of the bubbles. This is an important measure since LSA
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can lose value if there is still plenty of free spectrum to be allocated as exclusive
spectrum.

Figure 4.4: Country Graph: HHI vs Mobile Penetration vs Allocated Spectrum
Three of these countries have been selected for further analysis (4.5). The selected countries have different characteristics both in their markets and in their
spectrum allocation and represent a quadrant. The selected countries are: Chile,
United States, and Mexico.

Figure 4.5: Country Graph: Selected Countries

Chapter 5
The Countries
Chapter Introduction
This chapter will give a closer look to the selected countries: Chile, Mexico and USA.
Information about their market: Mobile Operators, Market Shares, Penetration, will
be analyzed. The regulatory bodies and spectrum management in the countries will
also be analyzed. The main goal behind this analysis is to know if LSA is already
being considered as an option, or if it can be considered as an option.

5.1

Chile

Market Share
The telecommunications sector in Chile is considered to be one of the most modern
and dynamic in Latin America. Chile telecommunications market consists of five
mobile operators (Claro, Entel, Movistar, Nextel and VTR) and two mobile virtual
network operators (MVNOs) (Telsur-GTD and Virgin Mobile). MBB is offered by
all the operators through UMTS/HSPA networks. LTE is offered by the three major
MNOs (Claro, Entel, Movistar) on the 2.5 GHz and 700 MHz frequency bands.

(a) Chile: MNO’s Market Share [27]

(b) Chile: MBB Market Share [27]

Figure 5.1: Chile: Market Share

26

27

CHAPTER 5. THE COUNTRIES

The market in Chile is highly competitive among the region (fig. 5.1a). The
most important players in the market are Claro, Entel and Movistar. The latter
two have a very similar market share, 37%. On the other hand Claro has a market
share of 24%. The rest of players have a total of 1.3%.
In terms of mobile broadband (fig. 5.1b) the market is similar. Movistar has
38.7%, Entel 37.7% and Claro 19.3%. Nextel, Virgin, and VTR Móvil divide the
rest of the market share.

Penetration
The penetration of mobile telecom services (fig. 5.2) in the country is the largerst
of the region, reaching 152% by the end of 2012. Mobile broadband penetration
has shown a remarkable increase from 2009, to 2013, where it increased more than
eight times. This growth has increased the need of more capacity in the networks.
In order to provide more capacity, Subsecretaría de Telecomunicaciones (SUBTEL),
chilean NRA, launched auctions for the 2.6 GHz (2012) and 700 MHz spectrum
(2013). Currently the main operators are already utilizing the 2.6 GHz band for
their LTE networks deployments, and are starting to take advantage of the newly
allocated 700 MHz band.

Figure 5.2: Chile: Evolution of Mobile and MBB Penetration (2009-2013) [27]

Regulation
SUBTEL (Subsecretaría de Telecomunicaciones de Chile) is the regulatory authority in Chile. It was created in 1977. Its functions are to “coordinate, promote,
encourage, and develop the telecommunications in Chile, transforming the sector in
a motor for the economical and social development of the country” [35]. SUBTEL
policies are structured and based to promote market competition and to reduce the
digital dividend, i.e. reduce the spectrum released in the process of digital television transition. SUBTEL is not an independent or free entity; it is a branch of the
Ministry of Transport and Telecommunications.
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Spectrum Allocation
In Chile spectrum is not assigned with the purpose of maximizing revenues for the
State. It is awarded in light of assessments of the investments, technologies and other
aspects of the business plans of the bidders for the spectrum, and the contributions
their proposed wireless networks will make as a crucial element in the country’s
efforts to close its gap with the most advanced countries [33].
Chile has a total of 485 MHz allocated spectrum, being one of the countries
with more allocated spectrum in the region. The bands currently allocated are the
recently allocated 700 MHz band, 850 MHz, 1900 MHz, AWS (1700/2100 MHz),
and 2500 MHz. Chile does not impose a spectrum cap for mobile services. Table
5.1 shows the spectrum allocation per band and per operator of the main MNOs of
Chile.

Operator 700
MHz
Entel
30
Movistar 30
Claro
30
Nextel
0
VTR
0
Móvil
Total
90

850
MHz
0
25
25
0
0

1900
MHz
60
30
30
0
0

AWS

2.6 GHz

Total

0
0
0
60
30

40
40
40
0
0

130
125
125
60
30

50

120

90

120

470

Table 5.1: Chile: Spectrum Allocation

On December 2009, President Michelle Bachelet modified the National Spectral
Plan in order to make part (100MHz) of the 3.5 GHz band avaiable for mobile
services. The 3.5 GHz band was originally allocated to fixed and satellite access
services only and then to WiMAX. Entel is the only MNO that currently has 100
MHz of that band. In the year 2012, Entel started some LTE trials in the band [36].
However, there has not been any progress or discussions regarding this band.

Summary
Overall, Chilean telecommunication industry showed to be strong and highly competitive. The three main MNOs, Claro, Entel and Movistar, distribute the market
almost evenly. Despite the medium-low mobile broadband penetration, Chile has a
very high mobile penetration which can help to increase mobile broadband adoption.
The regulations and spectrum allocations also showed to look for a fair market, giving opportunities to both emerging and established actors. The average spectrum
per MNO is high, hence, the majority of MNOs are able to handle current data
traffic needs.
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USA

Market Share
The United States has one of the biggest and strongest telecommunication industries
in not only The Americas, but the world. The telecommunications market in the
US consists of five main mobile operators (AT&T, Sprint, T-Mobile, Verizon, and
U.S. Celluar) and several MVNOs. MBB is offered by all the operators through
their LTE netowrks. Trials of LTE-A, and VoLTE have started in some major-cities
of the country.

Figure 5.3: USA: MNO’s Market Share [38]

The market in the United States is very competitive (fig.5.3). The market can be
divided in three groups. The first one contains the two biggest operators: Verizon
and AT&T, with 32.4% and 30.7%. The second group: Sprint and T-Mobile with
15.2% and 13.8%. And finally, the third group contains the rest with a total of 7.9%.

Penetration
The mobile penetration (fig. 5.4) in the country reaches 103% of the population.
While it is not the highest in the Americas, the mobile broadband penetration is
considered to be one of the greatest, reaching 97% of the population. One of the
main drivers of this is the high number of smart devices in the country that reaches
74% of total mobile phone users [39].
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Figure 5.4: USA: Evolution of Mobile and MBB Penetration (2009-2013) [38]

Regulation
The FCC, Federal Communications Commission, is the authority that regulates interstate and international communications in the United States. It is an independent
U.S. government agency. Its main goals are:
• Promoting competition, innovation and investment in the industry.
• Supporting U.S. economy with an appropriate competitive framework
• Encouraging the best use of spectrum
• Revising media regulations so that new technologies flourish
• Providing leadership in strengthening the defense of U.S. communications infrastructure

Spectrum Allocation
A total of 608 MHz of spectrum has been allocated as licensed spectrum in the
United States. The 700 MHz, 800 MHz, AWS, 2.3 GHz and the 2.6 GHz bands have
been allocated. Some parts of the AWS bands, as well as the 600 MHz bands are
soon to be allocated. Table 5.2 shows the current spectrum allocation per band and
per operator of the main MNOs of the country.
Operator

700 MHz

800 MHz

AT&T
Verizon
Sprint
T-Mobile
Others
Total

24
29
0
0
15
68

20
24
15
0
3
62

1900
MHz
10
27
0
24
14
75

AWS

Total

24
20
34
24
16
118

78
100
49
48
48
323

Table 5.2: USA: Spectrum Allocation [44]
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In the year 2010, the FCC created the “National Broadband Plan”, a plan to
improve Internet access in the country and to ensure every American has “access to
broadband capability”. Among several policies and objectives, the FCC stated the
intention to make an additional 500 MHz of spectrum available for broadband in
the next ten years. 300 MHz out of the grand total, need to be available within five
years. Another recommendation proposed in the plan is the expansion of incentives
and mechanisms to reallocate or repurpose spectrum [45].
The FCC has is introducing incentive auctions, to encourage licensees to voluntarily relinquish spectrum usage rights in exchange for a share of the proceeds from
an auction of new licenses to use that spectrum [46]. The FCC is contemplating a
plan to reserve spectrum from the 600 MHz band to be auctioned in the year 2015,
for smaller carriers [47].
As part of the National Broadband Plan, the FCC in collaboration with the
National Telecommunications and Information Administration (NTIA), released a
Ten-Year Plan and Timetable to make more spectrum available. The Plan and
Timetable identify over 2200 MHz of spectrum that could be repurposed for wireless
broadband. Four candidate bands that could be repurposed by 2015 were identified:
1675-1710 MHz, 3500-3650 MHz, 4200-4220 MHz and 4380-4400 MHz, and 17551780 MHz.
The 3550-3650 MHz band is currently allocated to the Radiolocation Service and
the Aeronautical Radio Navigation System for federal use. According to the plan
and timetable presented by the FCC and the NTIA, the 3500-3650 is supposed to
be released for commercial use. The NTIA Fast Track Evaluation, based on WiMax
operating characteristics and macro cell deployment, concluded that the band had
to be shared with the incumbent, and that large exclusion zones surrounding the
incumbent facilities were required.
On December 2012, the FCC proposed the creation of the Citizens Broadband
Service in the 3550-3650 MHz band. The FCC proposed two shared access systems
for the CBS: a three-tiered shared access system, and a two-tiered shared access
system. In the three-tiered system the first tier would be Incumbent Access, second
tier Priority Access, and third tier General Authorized Access. The two-tiered system would follow a LSA model where operators get the right to use the spectrum
on an exclusive basis on a location and time scheme [11].

Summary
The telecommunications in the United States and the policies around them, serve as
a guide for the development of other countries. The market showed to be competitive in different levels, with two big operators (AT&T and Verizon), two medium
operators (Sprint and T-Mobile) and the rest of MNOs and MVNOs. Despite the
large number of MNOs in the country, the regulations and spectrum allocations
showed to be looking for a balanced market. The high mobile penetration found
in the country is an important factor for the development and innovation of the
industry in the country.
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Mexico

Market Share
The telecommunications sector in Mexico showed to be one of the most dynamic
sectors for the country. Mexico’s telecommunications market consists of four mobile
operators (Iusacell/Unefon, Movistar, Nextel and Telcel) and three MVNOs (Maxcom, Megacable, and Virgin Mobile). MBB is offered by all the operators through
their UMTS / HSPA+ netowrks. LTE is offered by Telcel and Movistar in the AWS
band.

(a) Mexico: MNO’s Market Share [48]

(b) Mexico: MBB Market Share [50]

Figure 5.5: Mexico: Market Share

The mexican market presents big market share difference among the MNOs (fig.
5.5a). The biggest mobile network operator, Telcel, has 70.8% of the market. On
the other hand Movistar México has 21.1%, the Iusacell-Unefon 4.4% and Nextel
3.7%.
The mobile broadband market share (fig. 5.5b) is consistent with the market
market share. However, Nextel and Iusacell have a greater part of the market: 11%
and 6% respectively.

Penetration
The Mobile Penetration (fig. 5.6) in Mexico has increased to levels that outpass
fixed penetration. The mobile broadband services started in the year 2010 and have
growth since then. From 2010 to 2012 MBB penetration showed a growth of more
than 400%. However, it is one of the lowest penetrations around the world being
the worst penetration among OCDE countries reaching only 13.7% of the entire
population.
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Figure 5.6: Mexico: Evolution of Mobile and MBB Penetration (2009-2013) [49]

Regulation
Instituto Federal de Telecomunicaciones (IFT), is the regulatory authority in Mexico
since 2013. IFT was created as an autonomous federal organism in the telecom
reform of 2013 presented by President Enrique Peña Nieto. Before the formation of
IFT, Comisión Federal de Telecomunicaciones (COFETEL), created in 1996, acted
as the NRA of Mexico. COFETEL was not an autonomous organism, as it was part
of the Secretaría de Comunicaciones y Transportes (SCT), a government entity in
charge of the national communications and public works. IFT is responsible for the
regulation, promotion and supervision of the use, development and exploitation of
radio spectrum, and the provision of broadcasting and telecommunication services,
as well as access to active and passive infrastructure.

Spectrum Allocation
Mexico has allocated 235 MHz of its radio spectrum to mobile services. The current
allocated bands are the following: 800 MHz, 1900 MHz (PCS) and 1.7-2.1 GHz
(AWS). Currently there are discussions regarding the 700 MHz band, where it is
planned to allocate a total of 90 MHz for a government shared public network. The
2.5 GHz band has also been considered once the former incumbent yielded 130 MHz
of the band [51]. There is a spectrum cap of 80 MHz for mobile services and 70 MHz
for the 800 MHz and 1900 MHz band. Table 5.3 shows the spectrum allocation per
band and per operator of the main operators of the country.
Operator
Telcel
Movistar
Iusacell
Nextel
Total

850 MHz
12.5
10
12.5
15
50

1900 MHz
15
30
15
5
65

AWS
15
5
0
15
35

Table 5.3: Mexico: Spectrum Allocation

Total
42.5
45
27.5
35
150
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According to a report made by Mony de Swaan, the head of the Federal Commission of Telecommunications (COFETEL), there are in a short-term future, 170
MHz available. There are 90 MHz free on the 700MHz band, 30 MHz free on the
1.7/2.1 GHz band and 50 MHz available on the 3.5 GHz band [52].
The most recent spectrum assignments in Mexico enabled incumbents to acquire
more frequencies for broadband and guaranteed openings for new entrants. Telefonica’s Movistar was directly benefited from the AWS band auction, where the
granted spectrum allowed the deployment of broadband in the country, and Nextel
won national AWS license. Spectrum licenses in Mexico last 20 years, and include
an annual spectrum fee on a per MHz basis, depending on the band and region.
President Peña Nieto released a new telecommunications plan in order to regulate in a “converging” way, the use of radio spectrum, and the telecommunication
networks and services. The plan proposes the creation of a shared public telecommunications network using 90 MHz of the 700MHz band. The works behind the shared
public network will start before the end of 2014 and they must conclude by 2018.
The proposed network would act with a wholesale scheme where the government is
the responsible of selling network capacity and services to other service providers,
like MVNOs [53].
In the 3.5 GHz band, there are 150 MHz already allocated to fixed services.
The rest of the band is free but it is intended to be allocated for mobile services.
IFT consulted a total of 32 industry representatives (MNOs, Vendors, Associations)
in order to know the interest for this band. Nineteen (59%) participants showed
an interest, while thirteen (41%) were not interested. The consultation brought
several interesting inputs for the allocation of the band such as band segmentation
proposals, recommended duplexing mode, recommended coverage area, and possible
allocation dates [54].

Summary
Mexican telecommunications industry has several challenges to resolve. The country
lacks of a competitive market; The biggest MNO controls more than 70% of the
market share, leaving a minimum share to the rest of actors. Other problems found
is the poor mobile and MBB penetration. In terms of spectrum allocation, the
conditions are balanced, however there is still a lot of spectrum to be allocated.
NRA should make sure to free up more spectrum and create policies to adjust the
market conditions for the smaller players. The competition will create better offers
that can increase the penetration of mobile services.

Chapter 6
Analysis
Chapter Introduction
The purpose of this chapter is to present a comparison between the studied countries
with the information gathered and presented in previous chapters. This comparison
will help to define the possible value that new spectrum can bring to these countries. First, a comparative analysis will contrast the main attributes of the studied
countries. This comparative analysis will be followed by a discussion about the use
of LSA Spectrum. Afterwards, two cost analysis are presented: the first shows the
effect that increasing the bandwidth has on the deployment cost, the second shows
how the deployment cost is affected by increasing the user demand. The chapter
ends up with a SWOT analysis of possible business opportunities for emerging and
established actors.

6.1

Comparative Analysis

The current situation of the three studied countries has been addressed in the previous sections. It is crucial to identify the similarities and differences among the
countries to understand if LSA benefit the studied markets.
The telecom markets differ a lot from each country. While the market in the
United States can be considered as a mature market, the markets of Mexico and
Chile are young growing markets. Much of this has to do with the contrast in
the countries’ GDP per capita (See fig. 6.1a). Higher levels of GDP per capita
enable higher ARPU (fig. 6.1b). There are also considerable differences in terms of
numbers of MNOs per country and market share distribution that affect the markets’
competitiveness.
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(a) GDP per capita [55]
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(b) ARPU

Figure 6.1: GDP per capita & ARPU Comparisons
Based on the information of 6.1, the direct relation between revenues and GDP
per capita can be clear. The interesting fact about this relation is its bidirectional
nature; the GDP per capita accounts the relative wealth of an economy as an approximate measure of its revenue potential. When the purchasing power of the
population increases, subscribers are able to spend more on mobile services and
thus, increase the revenues of MNOs. On the other hand, the development of the
mobile industry contributes in a large part to the GDP of the countries. According
to the GSMA [33] the long-term GDP growth rate of a developing country may
increase by as much as 1.2 percentage points along with every 10 percent increase
in mobile phone penetration.
The growth in mobile penetration is a very important fact to consider. As it was
shown in previous sections, the three countries show an important growth in both
mobile line penetration and mobile broadband penetration. The increasing mobile
penetration reflects an increasing demand for mobile services. In order to provide
these services, more spectrum is needed. Currently the spectrum allocation and
spectrum policies in the studied countries are very different.

Figure 6.2: Mobile Penetration
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The comparison showed in 6.2 between mobile penetration and mobile broadband
penetration is important because firstly, it shows how mature the different markets
are, and it also implies the challenges that the different countries have, specially the
Latin American countries.
Chile is the country with the highest mobile penetration (of the region), however
it has a low mobile broadband penetration. Still, the fact that more than 100% of
the population has access to a mobile phone is a good start and can be a trigger for
a further development of mobile broadband strategies to increase MBB penetration.
On the other hand, Mexico has several problems. It does not only have a low
mobile penetration, but also has the lowest MBB penetration of the OCDE countries.
Government, NRA and MNOs must work together to bring mobile services to the
entire population. This will guarantee benefits for the three parties.
While it is a fact that the three countries will need more spectrum to provide
mobile broadband services to their users, the source of this spectrum and the time
frame for this to take place are not necessarily the same. Mexico and Chile still
have a good amount of free spectrum in the traditional IMT bands. On the other
hand, the United States needs to find new sources to provide new spectrum.
In terms of spectrum per operator, the distribution is a little bit different. Despite
having less allocated spectrum in total, Chilean MNOs have more spectrum per
operator than any of the other two countries.

(a) Allocated Spectrum

(b) Average Spectrum per MNO

Figure 6.3: Spectrum Allocation Comparison
From the spectrum allocation analysis showed in 6.3, it is appreciable how regulations and spectrum allocations in Chile have brought advantages to the telecom
industry.
Based on the information from previous figures (6.2, 6.3), the Author concludes
that, compared to the other two countries, the current situation of Chile is the most
promising one. However, the analysis also shows how regarding LSA adoption, Chile
is the least benefited.
Countries like Mexico or the USA, can receive more benefits from LSA. Mexico
has low spectrum allocated, and the average spectrum per MNO is also low. A new
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source for inexpensive spectrum can help the development of the telecom industry
and increase the overall penetration, i.e. Mobile and MBB penetration.
On the other hand, the USA is close to a spectrum shortage problem. While a
big amount of spectrum has been allocated, most of the MNOs need more spectrum
to comply with the high penetration and increasing traffic. Under these conditions,
LSA could also bring additional spectrum and thus, benefits to the telecom industry
in the country.

6.2

Cost Analysis

There are several factors to be considered when valuing spectrum; the user demand,
the population and geography to be covered, regulator’s rules in terms of spectrum
costs, and usage rules, as well as technical specifications are some of the important
factors to be considered. Spectrum value can vary depending on these factors,
hence this analysis considers: population density, MBB penetration, coverage area,
spectral efficiency, number of sectors per site, site cost, radio equipment cost, and
spectrum cost.
In the following table, the values used for the analysis are presented. It is important to notice that the prices paid for any frequency band are different in every
country. As it was mentioned on the methodology, the analysis contemplated urban
areas due to their soaring traffic and their high penetration numbers.
Population Density
Mexico City
Santiago de Chile
NYC
MBB Penetration
Mexico City
Santiago de Chile
NYC
Area
Spectral Efficiency
Sectors
Site Cost
Radio Equipment Cost
Spectrum Base Cost (AWS Cost)
Mexico
Chile
USA

2560 people per km2
430 people per km2
724 people per km2
11%
30%
96%
1 km2
1.6 bps/Hz
3
$140,000
$14,000
.882 $/MHz/Pop
.057 $/MHz/Pop
.540 $/MHz/Pop

Table 6.1: Assumed Numerical Values
Another very important factor to consider is the data traffic. The current and
expected average traffic per user is presented in the following table. Because some of
these values are still low, and in order to give a complete analysis of LSA spectrum,
the sensitivity test also considerd a 10-fold increase on the user demand of 2018.
The main reason for this approach is the fact that forecasts are predictions, but
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can have flaws. The 10-fold increase study will give the results of an extreme case
scenario, to see how much do the results vary.
Average Traffic Per User (MB per Month)
2014
2018
Mexico
128
1,370
Chile
217
1,545
USA
1,384
8,996

Ten-fold 2018
13,700
15,450
89,960

Table 6.2: Assumed Traffic Values

Results
Based on the values presented in 6.1, a cost analyis was performed. The following
figures show a comparison of the network deployment costs for the three countries.
In figures 6.4-6.6 the current generated traffic and penetration is considered and
compared to the traffic in 2018 and to the 10 times the traffic of 2018. The traffic
assumed in the figures corresponds to the values presented in 6.2.
Because spectrum costs depend on the frequency band, a sensitivity test is performed for the three countries. Another reason for the sensitivy test is that spectrum
value can also depend on spectrum availability. Spectrum will be more expensive in
markets where spectrum is scarse. The cost paid for the AWS spectrum is considered to be the base cost, and alterations of its value were made. The sensitivity test
considered: 1) Base cost value, 2) One third of the base cost value, and 3) Eight
times the base cost value.

Figure 6.4: Mexico: Bandwidth vs Deployment Cost
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Figure 6.5: Chile: Bandwidth vs Deployment Cost

Figure 6.6: USA: Bandwidth vs Deployment Cost
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The three graphs show a very similar behavior:
• The deployment costs are lowered as the bandwidth increases
• Traffic demand define the magnitude of the results
• The difference between spectrum costs relate directly to the base cost

Based on the results of 6.4, it can be concluded that the benefits in Mexico are
present mostly in the extreme case only, considering a 10-fold on the forecasted
traffic value for 2018. The high difference between the base cost and the other
analyzed costs relates directly with the mid-high spectrum cost paid for the AWS
spectrum, and used as the base costs for spectrum.
On the other hand, figure 6.5 shows how the benefits for Chile are almost nonexistent. In all the studied scenarios, the difference between the deployment costs is
negligible. This implies that in countries with low spectrum cost, such as the AWS
spectrum cost in Chile, LSA will not bring any cost benefits.
The results shown in 6.6 are similar to those in Mexico (6.4). The reason for this
behavior is mainly because despite the big difference in traffic demand, the spectrum
base cost is very similar. Thus, the bahavior is almost the same, however in the case
of the United States the magnitude of deployment cost is higher due to the high
traffic.
In general, the figures above (6.4, 6.5, 6.6) help to understand how the total costs
of deployment change when the available bandwidth increases. The behavior in the
three countries is similar; there is an overall decreasing trend for the total costs.
Based on the cost assumptions consider for this study, (which assigned the AWS
spectrum cost as the base cost, and followed the proposed value for LSA of 30%
of the base cost) it can be seen that the adoption of LSA would not represent
a remarkable improvement. The main reason behind this is the considerable low
AWS spectrum costs in the region. The only benefits are seen when a massive user
demand is considered, and/or when the base spectrum cost is very high.
Under these conditions, i.e. a massive user demand and a higher base cost, the
benefit of LSA is appreciable for Mexico and USA. Figures 6.4 and 6.6 show this.
In both figures the cost difference is more evident when the proposed scenario of 10
times the traffic of 2018 is taken into consideration.
As expected, more bandwidth results in fewer sites and lower costs. However,
the total deployment costs depend more on the actual deployment of the sites,
considering the building and installation works, than on the spectrum cost. The
sensitivity test confirms this; the spectrum cost was changed from the base (i.e.
AWS Spectrum Cost) to different values and still, the impact of spectrum in the
cost structure was not significant. Hence, this option is more feasible for established
incumbents which already own the sites.
Because of this, incumbent operators that already have sites and do not have
to consider site expenses, are going to be considered in the following analysis. This
second analysis considers only the spectrum and radio equipment expenses, and
ommits the site installation costs. The purpose of this analysis is to exhibit the
minor effects of spectrum cost to the whole cost structure.
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The study compares the user demand per square kilometer with the total deployment cost. When the user demand increases the deployment cost will also increase.
Figure 6.7 gives a general picture of the effect of this in the three countries. It
reveals what the difference between the base cost and LSA cost can be.

Figure 6.7: Demand vs Deployment Cost

Figure 6.7 show how LSA Spectrum has a cost advantage in all the studied
countries. This advantage increases when the user demand increases. The biggest
cost advantage is presented in the USA, where the total deployment costs decreases
by almost 40 per cent with higher demand. This shows how not only the demand is
important but also the spectrum costs factor is important. The higher the spectrum
cost is, the more benefits LSA can bring, only if NRA sets LSA costs significantly
lower than exclusive spectrum.
It is important to reiterate that the cost benefits depicted in figure 6.7 and
explained in the previous paragraph are not present for all actors. The advantages
of a lower cost spectrum through the LSA scheme is only present when the actors
either have already installed the sites, or are in a site sharing agreement with other
actors.
Other consideration to be taken into account is the fact that this second cost
analysis was performed to evidence the change of the deployment cost as the demand
increases. However, this does not mean that the studied countries have, or will reach
that demand. Meaning that the benefits of LSA will be reduced if these conditions
are not met in the countries.
Primarly, the cost analysis showed the low value and benefits of LSA for the
countries in the region. The main reasons for this are the following:
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• Low Spectrum Costs
• Low Traffic Demand
• Low Penetration of Mobile Broadband (Chile and Mexico)

6.3

SWOT Analysis

The goal of this section is to understand the different strengths, weaknesses, opportunities and threats of LSA for both emerging actors and established actors in the
studied countries, considering the responses from the interviews with MNOs and the
discussions with vendors.
Given that the analysis contemplates LSA as its center, the strengths and weaknesses, i.e. the internal analysis, does not depend on the type of actor, but rather on
LSA as a spectrum scheme alternative. On the other hand, the external part of the
SWOT analysis is covered by the Opportunities and Threats fields. The results of
the external analysis depend on the type and/or position of the operator, the type
and posture of the regulator and, last but not least, the type of incumbent. The
following diagram highlights the findings of the SWOT analysis.

INTERNAL
Strengths
Extra spectrum for increasing demand
Affordable Spectrum
Assured QoS
Band Harmonization
Vendors’ support
Economies of Scale

Opportunities
•
•
•
•
•

•
•
•
•
•

Shared Spectrum
Uncertainties and Complexities
Not an option for greenfield operators
Limitations
Incumbent Dependent

SW
OT

LSA-based M2M, IoT
Indoor coverage improvements
LSA Spectrum as a Service
Improve MNOs position
Level the competition

•
•
•
•
•
•

Threats

Cost is NRA-Dependent
Frequency Range and Block Size
WiFi development
Exclusive Spectrum is still available
Short Term Contracts
Number of Licensees

EXTERNAL

NEGATIVE

POSITIVE

•
•
•
•
•
•

Weaknesses
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As it was explained in previous sections, more spectrum is needed in order to
meet the increasing usage demand and to improve the service quality. Depending on
the frequency band and technical characteristics, the increased amount of spectrum
is able to improve network efficiencies and generate cost reductions, which come with
more investments and growth in mobile broadband penetration. A better service
quality increases consumers’ usage and willingness to pay. However, operators need
to be sure that the proposed band is available in a sufficient number of markets, and
that manufacturers will give support to the band.
LSA can provide the needed spectrum to meet the increasing mobile broadband
traffic, in a more affordable way, if compared with exlusive spectrum. Despite being
a shared spectrum scheme, LSA can assure QoS, which according to the interviews,
is very interesting for MNOs. Another very important fact of LSA is that the
candidate band for the region, i.e. 3.5 GHz, is an harmonised band, that can easily
have an international adoption. Furthermore, vendors support LSA and already
provide the necessary technology for LSA or any other scheme in the 3.5 GHz band.
Because of this, economies of scale are very achievable.
However, LSA is still a shared spectrum scheme. There are many uncertainties
and complexities that have to be considered. Sharing dynamism in LSA creates
uncertainty in use and increases the complexity of the architecture, thus it could
decrease the economic benefits and decrease the investment likelihood. Other problems with LSA come from the LSA Agreement, as it can add limitations that impair
the value of the spectrum to the operators. These restrictions can be regarding
geographic, timing, and/or network deployment conditions.
As it was shown on the previous cost analysis, the spectrum costs of the region
is rather low and not significant in the total cost structure. This makes LSA not an
option for greenfield operators, unless there is a shortage of spectrum. Most of the
opportunities for operators depend on the defined frequency range and block size.
• If there are many licensees, the frequency range is going to be divided into
more pieces making the frequency blocks smaller. In this case, established
actors can benefit the most by using the small allocated spectrum blocks to
offer new services which do not require large amount of spectrum (M2M, IoT).
• On the other hand, if there are few LSA Licensees, thus the frequency blocks
are bigger, emerging actor can benefit. With a short-term contract, emerging
actors can use the LSA spectrum to improve their position in the market.
• In this same sense, NRAs have the opportunity to level up the competition by
giving a priority to disadvantaged MNOs or emerging actors to obtain LSA
licenses, and by setting different obligations to the LSA Licensees.
Indoor deployments can benefit from LSA as well.
• Given that the candidate band for the region is the 3.5 GHz band, its technical
characteristics makes it ideal for indoor coverage and capacity issues. That is
why a new model can be created: Spectrum as a Service. With Spectrum as
a Service, facility owners can get LSA Spectrum and either provide service to
their hotels, hospitals, restaurants, stadiums, etc. or offer their spectrum to
operators that want to improve their capacity in their facilities.
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• However, the indoor benefits can be threatened by the development of Wi-Fi.
Wi-Fi is already highly available, and if the new releases of the technology are
able to offer similar advantages to those of LSA, it is more likely that operators
consider it a better solution for their indoor deployments.

A very important fact to be considered is the nature of the incumbent. Currently
in the Americas, the incumbents are either Fixed Satellite Service Providers, Fixed
Services Providers, or Governmental organizations. As it was pointed out in the
interviews, the problem with safety organizations happens whenever there is a public
emergency. The shared spectrum will not be valuable for the operators because
public emergencies are critical for both the incumbent and the licensee, however the
incumbent will have priority.
Another factor that affects the value of LSA, is the fact that NRAs is in charge of
setting the cost for the LSA spectrum. If the difference between exclusive spectrum
and LSA spectrum is negligible, it will not be valuable to operators.

Figure 6.8: Plot of SWOT Analysis
All the strengths, weaknesses, opportunities and threats were measured using
the basic Likert scale. It provides an equal balance between positive and negative
response options, that minimize the response bias. A scale from 1 (one) to 5 (five)
was used, one being the lowest score possible and five the greatest score possible.
Figure 6.8 represents the results.
As it can be seen in the figure, LSA has good strengths and can provide and
introduce good opportunities. Nonetheless, there are a lot of threats that have to
be considered and if possible, controlled in order to increase LSA value. Most of the
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presented threats depend directly on decisions of the NRAs. If NRAs want LSA to
take off, several policies have to be created in order to increase the value of LSA.
The first steps for increasing the value of LSA and trigger a faster adoption can be:
• Establish an attractive low cost for LSA Spectrum
• Equally divide the frequency band into blocks that are able to balance the
markets in the countries
• Define and discuss the LSA agreements with the incumbents, in order to make
them attractive to future Licensees

Chapter 7
Conclusions
Chapter Introduction
As it was pointed out in the first chapter, the aim and objective of this study was to
evaluate LSA as a spectrum scheme and its benefits for the region of the Americas.
The nature of the study required the definition of some research questions that break
down the investigation by focusing on specific topics of the evaluation. The research
questions were answered through the following steps.
• Studying existing spectrum schemes
• Investigating the LSA concept, identifying the major actors involved
• Studying the development of the Americas, identifying specific countries
• Studying the market and regulatory conditions of these countries
• Modeling and analysing the impact of LSA in these countries
These steps are defined by the research approach and methodology of the study
introduced in chapter 2. The research approach and methodology aimed to cover
the identified main areas of spectrum evaluation: LSA, Markets, Regulations, The
Americas, in order to fill the research gap. By focusing on these areas, the landscape for the evaluation was clear. With these considerations the value of LSA for
established and emerging actors was analyzed and presented.

7.1

Research questions
What is the value of LSA for established and emerging actors
in the Americas?

The research showed how there are several ways LSA can bring positive value
to established and emerging actors in the Americas, specially in high traffic areas,
and/or indoor environments due to the 3.5 GHz band characteristics. Based on
the performed analysis the most beneficial actors are the established actors and
not greenfield actors. Depending on the established cost of the LSA spectrum in
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comparison with the exclusive spectrum, operators can reduce the total deployment
cost.
However, and despite the advantages of LSA, the timing is not there yet. The
region still has plenty of spectrum to be allocated as exclusive spectrum, which
is preferred by operators. The low mobile broadband penetration in most of the
region is also a factor for the low value of LSA in the time of this study. With a low
penetration, and a low data usage, there is no need for actors, either established or
emerging, to get LSA spectrum. From the case-study countries of the research, only
the United States presents a large MBB penetration, and it is the more likely to
adopt the LSA scheme. However, there is still a lot of exclusive spectrum scheduled
to be allocated. Part of the AWS band (AWS-3) is supposed to be assigned in late
2014, and the promising 600 MHz band is scheduled to be allocated in mid-2015.
How does the value of LSA depend on the different market
and regulatory conditions found on the Americas?

As shown by the study, the value of LSA depends on the specific market and
regulatory conditions of the countries. There are different terms that determine how
much and to what extent the LSA spectrum can bring value to the actors. These
terms are supposed to be identified in the LSA Agreement. LSA can bring more
value when there are small geographical or time exclusions and limitations, when a
static sharing approach is taken, and when the frequency band is harmonized.
The value of LSA depends directly on the NRAs. Apart from being in charge
of setting the spectrum cost, which can incease or decrease the economic impact for
operators, NRAs can affect the markets by leveling the competition through giving
priority to disadvantaged operators to obtain LSA spectrum.
Once again, and coming back to the answer of the first question, the market itself
defines what it needs and when it needs it. If the development of mobile broadband
in the region is poor, there is no reason for the market to adopt new approaches
based on improving the network’s capacity. Most of the region is currently analysing
the value for the 700 MHz band.
What kind of business opportunities could LSA bring to the
actors in the studied countries?

LSA can bring several opportunities to existing and emerging actors in the region.
With the spectrum granted through LSA, actors can start to offer new kinds of
services, like offering Machine-To-Machine communication, or an Interent of Things
platform. Other opportunities generated are related to indoor strategies. Because
the candidate band for LSA is the 3.5 GHz band, actors can improve their network
deployments.
Moreover, a new business model defined as Spectrum as a Service can be created.
In this model, facility owners can become Local Network Operators that either offer
mobile broadband services within their locations (Hotels, Hospitals, Restaurants,
Stadiums, Concert Venues, etc.), or offer their service to enhance MNOs networks.
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Comparison with other spectrum schemes

Based on the research, the value of LSA in comparison with other spectrum schemes
showed to be low. First, considering only the spectrum scheme characteristics,
LSA brings more uncertainties and complexities than exclusive access spectrum.
The most important difference between LSA and exclusive access spectrum is that
MNOs depend directly on the incumbents and regulators in order to make use of
the spectrum, while exclusive access spectrum gives the MNOs the right and ability
to use the spectrum the way they wish.
Second, in terms of cost, the analysis presented factors that reduce the value of
LSA when compared to other specrum schemes. The analysis showed that due to
the low spectrum costs in the region, the possible difference brought by LSA is in
fact insignificant in terms of the overall total deployment cost. Due to this small
difference, and considering the advantages and availability of exclusive spectrum in
the region, LSA does not bring any cost benefit to the operators.
Moreover, regarding the current market conditions, neither LSA nor any other
new spectrum scheme could really add any value to the region. The reason for this
is mainly the low mobile, and mobile broadband penetration in the region. Once
the penetration reaches a high level, new services will be needed and created, thus
novel spectrum schemes could actually start to have an impact on the market of
the Americas. However, due to the slow growth on the region, it is hard to think of
LSA as the main solution for the predictable problems. Another great factor that
reduces dramatically the value of LSA, is the big amount of free spectrum to be
exclusively allocated.

7.3

Limitations and Future Work

Licensed Shared Access concept is attracting considerable interest and investigation
globally as a solution for the imminent growth of data traffic. However, it has not
been introduced or adopted by any country in the world. The concept has been
around for a little more than two years, but because it has not been adopted, there
are still a lot of uncertainties and misunderstanding amongst telecom researchers
and industry regarding the different approaches that can be taken with LSA.
The assumptions considered in this study, are based on the initial concepts of
LSA. With these conditions it was clear how there is not only one solution for the
implementation of LSA, but several, that depend on different market and regulatory conditions. However these initial concepts are very likely to change once the
spectrum scheme is tested and adopted by a country. Once the uncertainties regarding the implementation of LSA are clear, a more exact study of the value for
the Americas can deliver more accurate results.
An interesting analysis for the value of LSA would take place whenever there
is actually a spectrum shortage in the region; a scenario where there is no more
spectrum to be exclusively allocated, and the only source of spectrum is either
Unlicensed Spectrum or LSA spectrum. The results of this study could trigger the
interest for the adoption of this spectrum scheme.
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Appendix A
Interviews
A.1

Interview: Gerardo Muñoz (América Móvil,
Claro Chile)

What is the current situation of the telecom industry in Latin America?
There is a major challenge between the regulatory changes introduced
by the governments in each country, and the rapid technological changes
that are also occurring. This involves considerable amounts of investment that should be consistent with healthy regulated markets to encourage investment and the development of services.
Additionally, Latin America continues to lag behind in terms of penetration of services, especially high-speed internet and availability. Once
again, governments are making efforts to promote the delivery of these
services to the most vulnerable population. It remains essential to achieve
the best development model that contains effective regulation, tax incentives for investment and better use of concrete plans of service (education, medicine, commerce , etc.).
What is the situation in Chile?
Within the region, Chile is undoubtedly the country with the biggest
achievements in the telecommunications sector. It is characterized by
having high penetration of services (phone, internet, paid TV, BW rate,
etc.). Additionally, it has a regulatory regime that brings continuity and
certainty to the sector, resulting in a continuous evolution technology and
services. Some examples are current spectrum auctions 2.5 GHz and 700
Mhz to support the development of wireless high speed broadband (4G).
Another aspect that stands out in this country is the highest competitive level that exists, where there are players who fight in the market
through innovation, new services, prices, etc. While not everything can
be termed successful, it is important to recognize that Chilean regulatory consistency, continuous promotion of competition and, innovation
and penetration levels, among others.
Is Chile ready for the so-called 5G challenges? When would it be ready?
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It is still premature to talk about 5G in Chile. The development of the
4G started in 2012, where the first networks were launched in the 2.5 GHz
band. Its national deployment is limited. A few weeks ago, frequencies of
the 700 MHz band, an important complement to keep the development
of 4G, were awarded. Notwithstanding the above and due to proper
management of the spectrum, I believe that once the 5G technology is
proven in other markets such as Europe, USA or Asia, Chile could be
the first country in Latin America to access this technology.
How would you evaluate the regulatory agent SUBTEL?
SUBTEL is a body within the executive branch under the Ministry of
Transport and Telecommunications. During the presidential term of Sebastián Piñera, SUBTEL was an active promoter of changes in the sector were: number portability, the "Antennas Act", reduction of primary
zones, the allocation of the 2.5 GHz and 700 MHz bands, the introduction of the first MVNOs, the low access charges, the reduction of the gap
between the On Net fee and the Off Net fee, among others.
SUBTEL is listed in Latin American regulators, as a serious and responsible entity. With concrete plans that transcend political positions of
executive course and I think that in general, SUBTEL has allowed the
country to advance the process of development of telecommunications.
No doubt there are still many challenges in the country, but the conditions and pillars are built and will be an asset that Chile should take
advantage.
What problems do operators in Chile have to face regarding spectrum?
Entel : 1.9 GHZ + 2.5 GHz + 700 MHz = 130 MHz bandwidth
MOVISTAR / CLARO : 800 MHz + 2.5 GHz + 700 MHz = 115 MHz
bandwidth
The challenge that the three main operators have is to continue the evolution towards 4G technology, without neglecting its current and future
3G customers and probably 2G customers. This is a challenge to be to
address by each operator. The three of them have sufficient spectrum,
at least for the next few years, but they should make efficient use of
spectrum, technology and resources.
What is the operators’ view on the use of shared or license exempt spectrum (WiFi)
for offloading the data traffic?
Initially (2008 - 2009) WiFI was considered as a threat to cellular networks. However, due to the exponential growth of mobile data traffic,
this perception has changed dramatically and now MNOs look to complement the efficient data access of their customers through the mobile
network and/or WiFi access Off-load. This enables better service levels
and higher network efficiency.

55

APPENDIX A. INTERVIEWS

If QoS in the shared spectrum could be ensured, will the shared spectrum have more
value for the operators?

Totally. Having a shared mobile network + WiFi Offload integrated,
ensure the best user experience and would enable operators to use the
best and most efficient technology there is.

If a scheme like LSA (Licensed Shared Access) that guarantees QoS and that
allow operators to use the underutilized spectrum from incumbent spectrum holders
(i.e. Department of Defense, Radar) in a dynamic sharing way (time based, geolocation based, frequency based), was available in Chile, Would it be a more valuable
spectrum scheme for operators?

Having more spectrum is always an advantage for the operator and if
there is a flexible scheme would still be of convenience. As far as I know,
Chile has not developed this concept yet.

Do you think LSA will ever be more valuable than exclusive allocated spectrum?
Under which circumstances?

For an operator, having exclusive spectrum is better than having another
limited (flexible) spectrum always.

What is the current status of the 3.5 GHz band ?

The band was given for local access wireless services (WiMax). So far, it
has not developed strongly, however operators that have spectrum in this
band have started to contemplate the development through technology
that is currently being developed in the market.
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A.2

Interview: Ken Corcoran (AT&T, USA)

What is the current situation of the telecom industry in North America?

The telecom industry is still in a growth as well as consolidation stage.
Penetration of devices vs. population is above 100%. Growth will come
in the form “M2M” or described in parallel as “IoT” Internet of Things.
Capex has been dominated by LTE in the last few years, and as this
initial surge of coverage deployment is concluding, spending is leveling
out. Consolidation of small wireless service providers by “tier 1” service providers (such as Verizon and AT&T) is continuing. Last, the
convergence of multi-play (phone, broadband, wireless, and video/TV)
has recently been highlighted by the announcement of AT&T acquiring
Direct TV. The future of Dish is now of focus.
In Canada, the regulator is blocking the consolidation of the small service
providers (Telus, xx, xx), yet is pushing for competition against the
large “Tier 1” service providers (Rogers and Bell Canada). Without
consolidation at least one of the small SPs will exit the market.

Is the US ready for the so-called 5G challenges? When would it be ready?

The U.S. is ready as well as any country. The challenge is not 5G by
definition, but is the policy of regulators and related market response of
service providers to satisfy the growing demand of wireless service. Most
important issue is the need for more spectrum.

How would you evaluate the FCC?

So so. They have been responsive to continue with efforts to bring more
spectrum to the market over the years, and are still doing so. Of recent they have proceeded with AWS-3 spectrum, and are pushing for
the 600MHz spectrum. One controversy is the structure of the auction
rules. . . 1) size of spectrum blocks auctioned (2.5 MHz, 5 MHz, 10 MHz,
etc.), and 2) geography of area auctioned (MSA, RSA, xx, xx, etc.) Small
service providers want small spectrum blocks and small areas, whereas
large service providers want the opposite. The FCC has gone back and
forth as to whether the rules should favor the small SPs vs. the large
SPs.
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What problems do operators in the US have to face regarding spectrum?
This is relative to the question above. Every service provider needs access
to economical spectrum to grow. Spectrum is considered a national
resource and thus controlled and allocated by the government. Service
providers then are incented to lobby the government to issue rules which
favor them in auctions of spectrum.

What is the operators’ view on the use of shared or license exempt spectrum
(WiFi) for offloading the data traffic?
Historically service providers have supported only licensed spectrum, due
to the cost to acquire as well as the benefits of relatively interference free
operations. With licensed spectrum, a SP will be positioned to better
provide QoS to provide value with the end user cost of the service. Only
when this QoS is in jeopardy, will a SP embrace and allow a coordinated
use of un-licenced spectrum such as WiFi. This is happening now. There
are also questions as to whether the data traffic “off-loaded” onto WiFi
should be subjected to billing and policy in the same way as on net
traffic.
If QoS in the shared spectrum could be ensured, will the shared spectrum have
more value for the operators?
If indeed that QoS could be ensured, shared spectrum has more value to
a service provider. The more difficult question is whether QoS can be
ensured. In the longer radii of traditional cellular, interference is critical
and lead to the value of licensed spectrum where interference is minimized. In the shorter radii of WiFi, interference is of lesser importance.
WiFi is then often associated with “best effort” and accepted as such by
the consumer.
If a scheme like ASA(Authorized Shared Access) that guarantees QoS and that
allow operators to use the underutilized spectrum from incumbent spectrum holders
(i.e. Department of Defense, Radar) in a dynamic sharing way (time based, geolocation based, frequency based), was available in the US, Will it be a valuable
spectrum scheme for operators?
A scheme that guarantees QoS is at best a debate. Sharing of spectrum
is dependent upon those sharing, which may or may not be forthright
in adhering to the rules of sharing. (An analogy would be whether your
roommate in your college apartment adheres to the rule that all should
not leave pizza crust and boxes on the floor after inviting friends to party.
Although the apartment is shared, the probable lack of adherence to the
rules results in the difficulty of another roommate inviting his girlfriend
over for dinner.)
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Do you think ASA will ever be more valuable than exclusive allocated spectrum?
Under which circumstances?

ASA by definition will never be of more value. Spectrum in which you
have exclusive use gives you the right and ability to use in the way you
wish.

Could it be more valuable for emerging actors (MVNOs) or technologies (M2M,
IoT)?

MVNOs and new technologies such as M2M and IoT are all dependent
upon a network which provides the fundamental service. For these players to take advantage of any spectrum, they will need to invest in the
CAPEX necessary to build the network required to carry traffic. These
players have historically never invested as such.

What is the current status of the 3.5 GHz band ?

Due to the propagation of 3.5 GHz, it has not been considered of prime
value for mobility services. Experiments to provide fixed wireless service
have only been successful in situations where there is not a wireline based
service. Still unknown how this band will be of value.
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A.3

Interview: Gerardo Aguirre (América Móvil,
Telcel Mexico)

What is the current situation of the telecom industry in Latin America?
It is under development and still growing but still, Latin American countries (sometimes intentionally ) are being "followers" of technology and
not "leaders". This is mainly, because Telecom companies in Latin America use the technologies that have already been tested in other parts of
the world to ensure the profitability of investments. By doing it, the
risks of having a non-functioning technology or of the arrival of another
cheaper and/or convenient technology that lower the return on investment results against competitors, are reduced.
What is the situation in Mexico?
Mexico is no exception, however sometimes the lack of competition in
the sector is not conducive to further develop businesses. The fact that
Telcel is the biggest dominant of the market decreases competitiveness
in further development . In other countries with more competition, innovation and creativity is required to compete with operators as a catalyst
for development of the sector. Competition is largely created by the
regulators.
Is Mexico ready for the 5G challenges?
Yes, Mexico will be prepared if the demand for such services exists.
Because of the socio- economic situation of Mexico, there are relatively
few users with high technological demand ( demand for advanced apps
and high bandwidth) and many users with low demand of technology
because that is what is required to cover their primary communication
needs. What is needed is the broadband "universality " in order to give
Internet connection at reasonable speeds to as many users as possible
and at affordable costs, this could connect Mexico with the world and
attract further development not only of sector but for the country in
general.
I believe that to achieve this, 5G is not necessary, 3G or 4G can achieve
what existing applications demand, even the videos streaming (which
require higher bandwidth) is fine with the 4G network . The reason for
the adoption of 5G also must have financial support, i.e. the price per
megabyte must be reduced compared to previous generation networks as
with 4G networks compared to 3G and these compared to 2G .
How would you evaluate the regulatory agent IFT?
Well intentioned but lacking of sufficient autonomy from the federal government to fully comply with their duties, to motivate competition and
universality of services.
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What problems do operators in the Mexico have to face regarding spectrum?
Spectrum scarcity for some, excess for others. No clear rules have been
defined to give more spectrum to whom makes a bigger and better use
of it. Because Spectrum is a limited resource, IFT should focus on this.
What is the operators’ view on the use of shared or license exempt spectrum
(WiFi) for offloading the data traffic?
Useful but insufficient as there are several aspects that are less attractive
as :
• Lack of technologies that make transparent to the user to switch
from one access network to another without losing service.
• The difference in quality of service they may experience when switching from one network to another .
• The impossibility or difficulty of the operator to continue recording
the use of customers switching to WiFi for collection purposes or
to offer services.
• Etc.
If QoS in the shared spectrum could be ensured, will the shared spectrum have
more value for the operators?
Yes, buete are still some other aspects to be covered. There is a developing technology called ANDSF that could help better acceptance of
this.
If a scheme like LSA (Licensed Shared Access) that guarantees QoS and that
allow operators to use the underutilized spectrum from incumbent spectrum holders (i.e. Department of Defense, Radar) in a dynamic sharing way (time based,
geo-location based, frequency based), was available in Mexico, would it be a more
valuable spectrum scheme for operators?
Higher than the current value of unlicensed bands such as using WiFi
spectrum, but still not very attractive because of the risk there is if
both the LSA licensee and LSA incumbent needed the spectrum in a
given time, the incumbent will always have priority and that is not very
well seen by operators who have an ongoing commitment to meet their
customers.
Do you think LSA will ever be more valuable than exclusive allocated spectrum?
Under which circumstances?
Never from the point of view of the operator; especially if a permanent
guarantee of service and experience for end customers is intended.
What is the current status of the 3.5 GHz band ?
Is licensed to several operators mainly used today for WiMax networks
or point-to-point links. Some operators are investigating the possible use
for links using the technology NLS (Non Line of Sight )

Appendix B
MNOs in the Selected Countries

B.1

Chile

Claro

Claro Chile is a subsidiary of Mexico’s América Móvil. The company was established
in 1997 as Chilesat PCS and had coverage of just few regions of the country. Later
on in 1999 it’s named changed to Smartcom PCS increasing its coverage from a
few regions to nationwide. In the year 2000 Spanish company Endesa bought the
company. Later on, in 2005 América Móvil bought the company and changed its
name to Claro in 2006. In 2010 Claro merged with Telmex Chile, to provide triple
play services in the country. Claro was the first operator to offer 4G LTE services
in the country, when they released their commercial network in June 2013. Claro
has one of the lowest ARPU (??) in the country, however since the end of 2012, it
has been increasing.

Year
2010
2011
2012
2013

ARPU (Chilean Peso)
4,818
4,727
6,221
6,743
Claro ARPU [29]
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ARPU (US Dollar)
8.7388
8.57
11.28
12.23
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Claro Chile: ARPU

Entel
Entel, Empresa Nacional de Telecomunicaciones, is Chile’s most important telecommunications company. It was established in 1964 as a state-owned company and it
continued that way until its privatization in 1992. After gaining spectrum in the
1900 MHz band in 1997, it became the first operator to offer GSM services in Chile.
Entel released their 4G services in the 2.6 GHz band in late March 2014. Entel’s
ARPU (??) is the highest in the country.
Year
2010
2011
2012
2013

ARPU (Chilean Peso)
9,500
9,100
9,000
8,743
Entel ARPU [30]

Entel Chile: ARPU

ARPU (US Dollar)
17.2235
17.5
18.81
16.5
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Movistar Chile
Movistar Chile is subsidiary of Spain’s Telefónica. The company was founded in
1880, and acquired by the American ITT (Telephone and Telegraph Corporation)
in 1930 under the name Compañía de Teléfonos de Chile. Later in 1990, Telefónica
Spain became the majority stakeholder. The name Movistar started in 2003 when
it was decided that the company had to focus on mobile services. Movistar Chile
released their LTE network in November 2013. Movistar has the second highest
ARPU (??) in Chile, however it has been decreasing for the last years.
Year
2010
2011
2012
2013

ARPU (Chilean Peso)
9,166
8,787
9,090
8,257

ARPU (US Dollar)
16.6175
15.93
16.48
15

Movistar Chile ARPU [31]

Movistar Chile: ARPU

Other Operators
Nextel Chile is a subsidiary of NII Holdings. It provided services as a trunking
operator in Chile since 2000. It provides iDEN services in the 800 MHz band and
UMTS services in the AWS (1700/2100 MHz) band. Nextel started a LTE-trial in
Chile’s capital city Santiago in March 2013 [32].
VTR Móvil, is another operator that operates in the AWS band. It is a subsidiary
of VTR Cable, and it acts as the mobile service for their Cable TV offer.
VTR and Nextel gained both more spectrum in the year 2009 when Subtel
auctioned the AWS spectrum. Nextel won two blocks of 2x15 MHz and VTR one
block [33].
Virgin Mobile is the biggest MVNO in the market. It has an agreement with
Movistar for using their network.
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LTE
The LTE market in Chile is still very young. Claro deployed the first LTE network
in 2013; Movistar in late 2013 and then Entel followed it in March 2014. Nextel
started some trials in March 2014. It is expected that the recently allocation of the
700 MHz band will improve mobile broadband services and LTE.
The 700 MHz band was auctioned on February 2014. Entel acquired the block
B for $12 million, Movistar the block A for $7.5 million and Claro the block C for
$717,959. It was the first competitive assignment of the APT 700 band plan in Latin
America [34].
Operators in Chile can benefit from having both the 700 MHz and 2600 MHz
bands allocated, for LTE-A deployments. LTE Release 11 contemplates both bands
to be combined in a Carrier Aggregation scheme.

B.2

USA

Verizon
Verizon is the largest MNO in the United States with a market share of 32.4 per
cent. It has a total of 108.7 million subscribers. The company was the result
of the merger of Bell Atlantic and Vodafone in the year 2000. Vodafone sold its
45% stake to Verizon on February 2014 for $130 billon. Before their deployments
of LTE, Verizon was a CDMA-only operator. Its EV-DO network was available
to more than 290 million people as of May 2012. Their LTE deployment started
in December 2010 with 20 MHz of spectrum in 38 major cities. Verizon lacks of
coverage in rural areas, however they lease portions of their 700 MHz spectrum to
facilities-based mobile wireless service providers. Their Postpaid Average Revenue
Per Account has been increasing since 2011 from $134.51 to $153.93 in the year 2013
[40].

AT&T
AT&T’s is the second largest MNO and the largest provider of fixed telephony in
the United States. Their 103.2 million mobile subscribers represent 30.7 per cent of
the market share. In September 2011 they released their LTE network in five cities
that expanded to 63 cities in 2012. By 2014 they provide LTE services to 559 cities
in the country. According to AT&T’s financial report of the year 2013, their ARPU
increased 0.9%, reflecting growth in data services [41].

Sprint
Sprint is the subsidiary of Japan’s Softbank. It is the third largest MNO in the
United States and the second largest CDMA operator after Verizon. It has a total of
51 million users and a 15.2% of the market share. In 2005 they acquired Nextel, the
fifth leading provider at the time. In 2013 Softbank acquired 80% of Sprint. One of
the first actions on the Softbank era was the acquisition of mobile broadband carrier
Clearwire. On 2011 they released their WiMax network, later on June 2012 they
released their LTE network starting with five pre-selected cities that soon expanded
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to a total of fifteen. As of March 2014 sprint offers LTE services in 402 U.S. cities.
By the end of 2013, Sprint reported a postpaid ARPU of $63.44 and a prepaid
ARPU of $27.34 [42].

T-Mobile
T-Mobile is the subsidiary of Germany’s Deutsche Telekom. It has a total of 43
Million subscribers and 13.8% of the market share. In 2013 T-Mobile acquired
MetroPCS Communications. By the end of 2013, T-Mobile reported a postpaid
ARPU of $50.71 and a prepaid ARPU of $35.84 [43].

Other Operators
U.S. Cellular is the fifth largest MNO in the United States. It has a total of 6 million
subscribers and 1.8 per cent of the markets share. On November 2012, U.S. Cellular
sold spectrum and users from Midwest markets to Sprint.
Tracfone is a subsidiary of Mexico’s América Móvil. It is the biggest MVNO of
the US market and has agreements with every major MNO. It has a total of 17.75
million users.

LTE
The state of LTE in the United States is very strong. The US was the first country
in the continent to deploy LTE. Currently, every MNO in the U.S. offer nationwide
LTE networks. AT&T has started to deploy LTE-Advanced in some markets, being
the first MNO in doing it. AT&T is making use of their spectrum on the 700 MHz
and 2100 MHz bands to do carrier aggregation.

B.3

Mexico

Telcel
Telcel is a subsidiary of Mexico’s América Móvil. It was founded in 1989 and is
considered to be the biggest mobile operator in Mexico with a 70% market share.
Telcel has allocated spectrum in the 850 MHz, 1700-2100 MHZ and 1900 MHz bands.
Its 3G network was released in the beginning of 2008 and their 4G network released
in late 2012, one month later than Movistar.
Year
2010
2011
2012
2013

ARPU (Mexican Pesos)
165
168
172
165
Telcel ARPU [29]

ARPU (US Dollars)
12.679
12.91
13.22
12.68
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Telcel Mexico: ARPU

Movistar

Movistar México is subsidiary of the Spanish group Telefónica. The company entered
into the Mexican market in the year 2000 after the acquisition of four local operators,
however their national presence started when Grupo Telefónica acquired Pegaso
PCS in the year 2002. Telefonica has allocated spectrum in the 850 MHz, 1700-2100
MHZ and 1900 MHz bands, however their spectrum in the 850 MHz band is not
nationwide. They have several network sharing agreements with other important
operators like Iusacell, and Nextel. Movistar released their GSM network in the
main cities of the country in the year 2003. Their 4G LTE network was released in
late 2012, being the first LTE network available in Mexico.

Year
2010
2011
2012
2013

ARPU (Mexican Pesos)
121
111
106
102
Movistar Mexico ARPU [31]

ARPU (US Dollars)
9.30
8.53
8.15
7.84
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Movistar Mexico: ARPU

Iusacell
Iuscacell is part of Grupo Salinas and Grupo Televisa the two biggest television
broadcasters in Mexico. Iusacell was founded in 1987, being the first MNO in the
country. Iusacell was part of the Vodafone group from 2001 to 2003 when Grupo
Salinas acquired the company. In 2007 Iusacell was merged with Unefon, an operator
property of Grupo Salinas.

Nextel Mexico
Nextel Mexico is a subsidiary of NII Holdings. Its main market is business oriented,
hence most of their users have post-paid subscriptions and its ARPU is one of the
highest in the country. They released their 3G network in late 2010. Similar to
what happened in Chile, Nextel won national AWS license in the 2010 AWS bands
auction.

LTE
The LTE network has been around for a couple of years, but it is only available with
two of the four operators. Telcel and Movistar both deployed their LTE network
in late 2012. Telcel’s LTE network covers 34 cities in the country, on the other
hand Movistar covers only 12. Both operators have large amount of nationwide
spectrum.

