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ABSTRACT 

Over the last ten years, the demand for data has been increasing exponentially. To meet this 

demand, there are three ways to proceed: increasing the number of antennas, enhancing spectrum 

efficiency, enlarging bandwidths. This paper is focused on the last option, enlarging the bandwidth, 

and more precisely on the reuse or secondary use of frequencies through Licensed Shared Access and 

TV white spaces. This work aims at determining the potential development of these two new 

regulatory regimes and the potential impact on the telecom ecosystem and business.  

There is a common understanding of TVWS and regulators are implementing similar frameworks. 

The industry and regulators have launched plenty of trials and developed many standards. There are 

even some examples of commercial releases. However, the amount of channels available for TVWS 

activities is still uncertain since regulators have not stated their positions on the balancing between 

TVWS and digital dividend (refarming). Their decision will influence the market size and 

consequently the market take-up. 

Similarly to TVWS, national and international coherent regulatory frameworks are being 

developed around LSA. There is also a common view on uses among actors. Indoor coverage is one of 

the most mentioned uses. This will enhance the actors’ confidence in LSA, and might consequently 

increase investment. However, standardization is needed to bring the necessary economies of scale. 

The incumbents’ willingness to share their spectrums and the fees level are still unclear. These last 

parameters will have large impact on LSA take-up. 

The second part of the thesis tries to determine what ecosystems might develop. With TVWS, 

there are no licence fees or coverage requirements included in licence, which lowers the entrance 

barriers. This paper presents strategies where other players than MNOs provide connectivity. These 

strategies, which were built through group exercises done by Telecom workers, bring opportunities to 

these new connectivity providers and also values for its potential clients. Moreover, these new 

connectivity provider strategies possess real strengths and only limited weaknesses. However, the 

MNOs’ reluctance to support this new ecosystem is the most dangerous threat to its development.   

To a slightly lesser extent, LSA also lowers the entrance barriers into the connectivity-providing 

business. This is a game-changer for indoor coverage since LSA might enable the development of 

scenarios and ecosystems which were previously considered as hypothetical. Thus, scenario where a 

Managed Service Providers or a Network Equipment Providers offers connectivity (without MNOs) to 

a premise or a MVNO has the potential to take up. This strategy is valuable for connectivity providers 

and their clients. Here, financing this strategy is also a challenge, but the most important risk might 

arise from the MNOs’ pressures on the ecosystem’s actors to prevent this strategy from developing.  
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1. INTRODUCTION 

1.1 BACKGROUND 

Over the last ten years, the demand for data has been increasing exponentially. To meet this 

demand, there are three ways to proceed: increasing the number of antennas, enhancing spectrum 

efficiency, enlarging bandwidths. In countries where 4G have already been deployed the expenditures 

in equipment were flat (TeliaSonera’s CAPEX did not grow during the deployment of 4G[1]), and in 

countries where LTE is not deployed, operators are investing in 3G/4G-ready antennas. So, it is 

unlikely that the deployment of more antennas suffice to meet the need for more data. The 

enhancement of technology is also not the best solution to fulfil this goal; indeed, the “channel limit” 

is close to be reached [2]. By contrast, it is possible to enlarge the bandwidth allocated to 

telecommunication. Indeed, there are large spaces on spectrum which have been underused by the 

army or by the TV broadcaster.  

To take advantage of these partially unused frequencies, two new regulatory frameworks are 

being developed. They will supplement the licensed and unlicensed regimes. Under licensed regime, 

an operator signed a contract with the telecom authority. The agreement specifies, among other things, 

the upfront and/or annually fees, coverage requirements, allowed services or technologies, bandwidth, 

the termination date… Thus, the operator could use the frequencies to provide a commercial service, 

such as mobile communication. On the other hand, the unlicensed regime, in this case, a part of the 

spectrum could be access with no need to obtain prior authorization. Yet, technical limitations are set 

up to allow as many as possible to enjoy this unlicensed spectrum; Wi-Fi belongs to this regime. These 

two regulatory frameworks cannot be applied to underused frequencies since the incumbent’s 

activities should be protected. That is why European and American regulators are working on share 

licensed regimes. The principle is to allow secondary users to exploit the spectrum which is underused 

by incumbents (e.g.: the Army, TV broadcasters) either in term of space, time, or frequencies. These 

secondary users should not harm the incumbent activities. 

The two most advanced projects in this area are Licensed Share Access (LSA) and TV White 

Spaces (TVWS). Under LSA, an agreement is settled between an incumbent which underuses its 

spectrum (e.g.: the Army) and one to several secondary users (shared licensees). The agreement states, 

among other things, the area where the share licensees can deploy their networks and the conditions 

leading to its termination. In the case of TVWS, which takes advantage of the locally unused TV 

frequencies, the number of secondary users is unlimited and there is no direct contract with the 

incumbents (TV broadcasters and PMSE
1
). Instead, secondary users have to obtain the regulator 

authorization. Concretely, secondary users’ devices inform a database of their localization and the 

characteristics of their devices and will get in return available channels and power limitations.  

1.2 MOTIVATION AND RESEARCH QUESTIONS 

Previous works have identified services which could be based on TVWS and LSA, technical 

issues, and regulatory aspects [3], [4]. However, these papers only partially take into consideration 

                                                      

 

1
 Programme Making and Special Events.  
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actors. Indeed, GSMA[5] and Qualcomm[6] mentioned that the Army, the public safety department, 

and satellites users are potential incumbents in case of LSA, but without enquiring whether these 

players are willing to get their frequencies re-used. The same papers only consider as potential 

secondary users mobile network operators (MNOs). It could be argued that other actors might be 

interesting in providing connectivity through TVWS or LSA. Moreover, to sell services, MNOs need 

to collaborate with other players, such as service content providers or network equipment 

manufacturers. All in all, these papers assume that the market is going to take up and the ecosystem 

will be similar to the current mobile ecosystem (same actors, same relations between them, and same 

business models). These statements need challenging since, first, it may reasonably be thought that 

new regulatory frameworks lead to new opportunities for business and then modify the ecosystem. 

Moreover, regulators, industrials, and investors need a precise overview of future possible business 

developments. Thus, each of them can assess risk and opportunities, then decide to invest or not, and 

in case of investment, prepare managers to apply an enlightened strategy. Generally speaking, 

increasing market awareness and visibility is crucial to faster technology take-up and ensure value for 

all ecosystem members including the general public. This thesis aims at participating to increase 

market awareness and visibility by analysing potential ecosystems around TVWS and LSA. This 

encompasses assessing the likelihood of market take-up, but also determining the ecosystems’ 

developments, actors and possible opportunities.  

Main research question: What are the business opportunities and challenges with TVWS and 

LSA for Telco companies? 

This question is broad and needs cleaving into two more limited questions: 

 What will be the actors of the ecosystem and their settings?  

 What are the potential positioning for each actor and the associated opportunities and threats? 

The first question aims at identifying what are the potential actors of the ecosystem and also what 

settings each of them is likely to assume. These potential actors and settings may have large impacts 

on the ecosystem and more particularly on the relation between actors. The second research question 

considers the ecosystem that might develop with a particular focus on the associated opportunities and 

threats. This investigation is performed at macro level and the conclusions are applicable to 

developing and develop market. 

1.3 RELATED WORK 

1.3.1 LSA 

Licensed Shared Access is not yet a fully defined concept. However, GSMA[5] and other 

institutions [7] identified LSA as a license regime of a limited number of players (LSA licensee) in 

frequency underused by an incumbent. The new players’ activities shall not interfere with those of the 

incumbent user(s); that is why the incumbent user(s) define(s) restriction in term of frequency, time, 

and/or space within which the new actors are allowed to broadcast. The restriction could be static or 

dynamic, and the agreement may specify a delay and conditions for the LSA licensees to stop their 

activities. As of mid-2013, no LSA agreement has been created. GSMA [5] and Qualcomm [6] have 

identified satellites, military radars, public safety as services which underused their allocated 

frequencies. During literature study, the only possible LSA licensees considered by the authors were 

MNO [6], [8], [9].   
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1.3.2 TVWS 

TV signals are usually broadcasted in large cells. In order to avoid interferences where cells 

overlap, different channels are used in adjacent areas. In centre of cells, a different channel from the 

one used for the TV broadcasting in the cell could be used for another purpose. For a long time, PMSE 

has been using such frequencies. Nowadays, due to the increasing need for data, many players would 

also like to re-use those underused frequencies. As sporting and entertainment venues are located 

randomly, mapping the use of PMSE cannot be achieved. In this case, a LSA agreement is impossible. 

Instead, an unlicensed system (with limitation of radiated power) could be set up. Thus, several types 

of use have been identified [4]: urban broadband, rural broadband, Machine to Machine, location 

based services, local content distribution. 

1.4 METHODOLOGY 

Since the research explores actors’ motives in a situation where boundaries between phenomena 

and contexts are unclear, a qualitative case study approach is used[10]. This approach suits the 

development of hypotheses, which could later be investigated by quantitative researches. 

The purpose of this thesis is to analyse the ecosystems that will develop around LSA and TVWS. 

The notion of ecosystem was, first, introduced by Moore[11] and since, largely used. In his book, 

Moore specified that ecosystems encompass various types of economic actors (such as suppliers, 

producers, competitors) which, through exchange among themselves, provide goods or services to 

customers. This economic community tends to align their investments and visions with the one or few 

companies constituting the centre. Thus, to provide a picture of potential ecosystem around TVWS 

and LSA, the work flow is divided into three steps: identifying the ecosystem’ actors, the setting of 

each actor and finally determining the possible actor positioning supported by values and 

opportunities. Prior to all this, understanding what are TVWS and LSA, what are their main 

characteristics, what are the opportunities offered by these two technologies is crucial. 

1.4.1  UNDERSTANDING LSA AND TVWS 

The first step is, therefore, to carefully picture what are LSA and TVWS. To do so, a literature 

study has been led to collect secondary data, such as reports, press releases, online information, and 

regulators’ recommendations. Real case studies occupy a central position in this work. This literature 

study aims at provide an accurate picture of LSA and TVWS from technologic, regulatory, business 

development and economic viewpoints. 

1.4.2 DETERMINING ACTORS  

Based upon the case studies and the technical requirement issued from the literature study, a list 

of actors is established. To put them into perspective and better understand the particularities and 

impacts of TVWS and LSA, this list is compared with the typical ecosystem players. 

1.4.3 DETERMINING SETTINGS 

One actor can act in different ways; that is why it is crucial to determine the setting that each actor 

may assume. For instance, a NEM can either sell only equipment or sell equipment and Operation & 

Maintenance. A deep study of the part which aims at understanding LSA and TVWS enable to propose 

setting for actors. To complete this, through two workshops, about ten industry collaborators and ten 

academics were asked to propose and react on the potential settings for each actor. (see appendix 7.2) 
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1.4.4 DETERMINING ACTORS’ POSITIONINGS AND OPPORTUNITIES 

The setting elected by actors may largely change the relation between actors and consequently the 

ecosystem. That is why, for every possible setting, a business model enabling to assume this setting is 

designed. This business modelling have been designed through group exercises where telecom 

workers were asked to design a business model from an actor’ setting and also to react to already 

proposed business models. There are many methods for analysing business models, among them, 

Chesbrough and Rosenbloom [12], or Osterwalder[13]. Since the second methodology is largely used 

among the industry, it is here preferred. Osterwalder’s approach aims to describe the business logic of 

a company for a set of products or services. Four main aspects are considered: infrastructure (key 

partners, key activities, key resources), value propositions, customer (customer relationships, channels, 

customer segments), and financing (cost structure, revenue streams).   

   At this stage, the feasibility of each setting, the opportunities offered to the one implementing it, 

the value for clients, the consequences for the ecosystem is known. In order to aggregate these 

disparate aspects, the SWOT methodology is used. This approach helps decision-making by 

emphasizing internal factors (Strengths and Weaknesses) and external factors (Opportunities and 

Threats). This methodology was chosen, since it can encompass many aspects and remain structured. 

Thus, a picture of the consequence of every scenario development and the likelihood of their 

developments are known.  
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2. TV WHITE SPACES 

2.1 BACKGROUND 

2.1.1 PRINCIPLE 

Large cells are used to broadcast the TV signal. In order to avoid interferences where cells 

overlap, different channels are used in adjacent areas. Away from the edge of a cell, a different 

channel from the one used for the TV broadcasting in the cell could be used for another purpose. For a 

long time, PMSE (Programme making and special events) has been using such frequencies. The idea 

behind TV white spaces is to use the bandwidth leftover for providing connectivity. As sporting and 

entertainment venues are located randomly, mapping the use of PMSE cannot be achieved. That is 

why an unlicensed system (with limitation of radiated power) is the most appropriated regime. 

 

FIGURE 1 - TV WHITE SPACES PRINCIPLE 

2.1.2 REGULATION 

In 2012, the ITU (International Telecom Union) decided to allocate on co-primary basis to TV 

broadcasting, PMSE and mobile service the band 694-790MHz. This decision concerned region 1 

(Europe, Africa, and a part of Asia) and is to be enforced after WRC-15. Furthermore, the ITU 

considers the work lead in Europe and in the US on this topic. [14] This means that the ITU fosters the 

development of TVWS and/or digital dividend.   

European Commission, which is in favor of TVWS development [15], mandated ETSI to 

standardize the technologies for TVWS. A large-scale test was conducted in Cambridge in the UK to 

verify the technological feasibility and make actors collaborate [16]. The British regulator, Ofcom, 

authorized the use of TV white spaces. A database system (presented in the next sub-section) validated 

by Ofcom should be used to protect the incumbents (TV broadcasters and PMSE). A Listen Before 

Talk solution was elected to protect secondary users from each other. Sensing solutions are envisaged 

for the next TV white spaces equipment generation. [17] 

The American regulator, the FCC, authorized the uses of TV white spaces in an unlicensed 

regime[18]. To protect the incumbents from any harmful interference, a database system and power 

limitations have been set up. 

Besides, Kenya’s, South Africa’s and Tanzania’s regulators have allowed conducting test with TV 

white spaces. Unlike in Europe or in North America where the interest in TV white spaces is 

motivated by spectrum shortage, African regulators value the low frequencies which, from a coverage 

perspective, reduce the number of base stations to deploy.  
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Singaporean regulator reckon that TVWS “is well placed to increase the capacity of mobile 

bandwidth and provide high-speed wireless connectivity to provide wireless broadband Internet access 

services, machine-to-machine connectivity, smart metering and outdoor environment or security 

monitoring networks”. Singaporean regulator launches a consultation.  [19] 

To conclude, there is a worldwide common understanding of what TVWS is and how to take 

advantage of it. Furthermore, national and international authorities propose very similar regulatory and 

technical frameworks. However, it is still unclear which of TVWS or digital dividend will be 

encouraged by the regulators in the future. 

2.1.3 TECHNICAL VIEWPOINT 

2.1.3.1 DATABASE SYSTEM 

Even though there are some differences in the way to implement the incumbent protection system, 

almost all regulators chose the system described in this section. A database is informed on a regular 

basis of the frequencies used by the incumbents (TV broadcasters, PMSE, adjacent users) for each 

geographical position. The database might also consider its peer databases’ activities. Thus, when a 

white space master device, which is able to provide its location, wants to broadcast, it must prior to 

that provide a database with its location and technical characteristics. In return, the database informs 

the device of the available channels and their associated power limitations. In case where a slave white 

spaces device seeks to communicate with a white spaces master, the slave must provide its technical 

characteristic and the master will allocate it a channel. White spaces slaves must stop broadcasting if it 

has not received information from the database after a certain amount of time, usually 1s to 1min. 

Likewise, the white spaces master device should contact the database at least one a day. 

 

FIGURE 2 - DATABASE SYSTEM FOR TVWS 

2.1.3.2 TECHNICAL DEVICES 

The following categorization was proposed by the FCC[20]. Even though the power limitations 

may vary from one country to another, the categorization is consistent among regulation. 
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 Fixed device is a TVWS device whose geo-graphic coordinates have been automatically 

or by an installer communicated to the database. Power emission limitation: 4W EIRP 

 Mode II device is a portable TVWS device that does have internal geo-location 

capabilities and access the database. Power emission limitation: 100mW EIRP 

 Mode I device is a portable device that does not have an internal geo-location capability 

and cannot access the database. It gets the list of available channels from a Mode II or 

Fixed device. It is also called a slave device. Power emission limitation: 100mW EIRP 

2.1.3.3 STANDARDS 

IEEE 802.11 is a standard aiming to provide internet connectivity wirelessly. The standard also 

enables aggregation. Microsoft is involved in the ongoing standardization process.  

IEEE 802.22 is designed for rural broadband. With this standard, the range can reach up to 

100km. 

Weightless 1.0 is an open standard developed by Neul for M2M applications. The standard 

provides low data rate at extended range (> 3 km), and ultralow power battery consumption (up to ten 

years in certain cases). This standard was released in 2011. 

IEEE 802.15 is an ongoing standardization process for delivering low rate (40 kbps – 2 Mbps), 

long range WPAN in TVWS bands. 

Cognea aims at developing a standard for home network applications, such as distribution of HD 

content and broadband access. [16], [21] 

2.1.3.4 PERFORMANCE 

Finding accurate information on the TVWS performance is challenging since the industry is 

inclined to inflate the figures. However, the figures provided in this section is in the same order of 

magnitude as the actual figures. Click4Internet, a small ISP, claims that they provide up to 30Mbps 

downlink and 10Mbps uplink[22]. For its part, Airspan states that they can offer up to 20Mbps 

downlink with a 7MHz channel[23]. Microsoft and NSN put forward the figure of 16Mbps downlink. 

2.1.3.5 TECHNICAL SUMMARY 

The consistency in terms of database architecture and devices’ categorization may develop the 

confidence of investors and bring economy of scales, providing that a consensus is emerging on 

standards.  

2.1.4 TRIALS AND COMMERCIALIZATION 

Several trials around the world have been conducted or are being conducted, especially in the US, 

in the UK, in Finland, and in Africa. 

Even though a part of these trials are underway, some companies already commercialized solution 

based on TVWS. A British company, Click4Internet, commercialized rural connectivity in the Isle of 

Wight. Their commercial ads claim that they provide up to 30Mbps downlink and 10Mbps uplink. For 

instance, it costs £78 for 40GB. More information can be found in appendix 7.1.1.      

2.1.5 SPECTRUM AVAILABLE 

Between 150MHz and 400MHz are dedicated to TV broadcasting [24]. Ofcom considers that 25% 

to 50% are unused in a city like London[25]. Microsoft states that between 50% to 70% remains 
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unused in the countryside [26]. Thus a significant part of the spectrum is “free” to be either part of a 

digital dividend or used under TVWS. 

2.1.6 SUMMARY AND NEXT STEP 

First of all, there is a common understanding of TVWS and regulators are implementing similar 

framework. However, regulators have not stated their position on the balancing between TVWS and 

digital dividend, which may change the value of investing in TVWS. Despite an agreement on the 

architecture for TVWS, there is a need of clarification for transmission standard. This is key to bring 

economy of scale, which would decrease the necessary investment. In spite of these hurdles, the 

industry and regulators have launched plenty of trials, which may result in the development of 

ecosystems. As a conclusion, the industry and some regulators seem really interested in developing 

TVWS and the standard development might be considered as a minor setback; however, the amount of 

channel available for TVWS activities will decide the market take-up.  

2.2 ACTORS 

Determining the actors is key in order to understand the relation inside the ecosystem. This list of 

actors is based on the one issued from trials (especially Cambridge’s trial [16]) and case studies (more 

information can be found in the appendix section). 

2.2.1 REGULATORS 

The telecom sector is regulated at international, national and sometimes local level (Ofcom and 

the FCC, respectively the British and American regulator, are at the cutting edge on TVWS). 

Generally, decisions taken by regulator have large consequences on telecom market through their 

power on licencing and auction policy, refarming authorization, or competition issue. Here, the most 

sensitive question concerns the equilibrium between using the TV white spaces and refarming to 

obtain digital dividend. If regulators decide to refarm a part of the frequencies currently used for TV 

broadcasting, the TV channels will be more concentrate and then the amount of TV white spaces will 

be reduced, which might dramatically lower the interest for TVWS technology. 

2.2.2 THE INCUMBENTS 

The incumbents are the actors who are already using TV frequencies or adjacent ones. Among 

them, there are TV broadcaster and PMSE. The different frameworks were built to ensure that the 

reuse of their frequency would be seamless for them[19], [20]. 

2.2.3 THE NETWORK EQUIPMENT MANUFACTURERS 

They are either large companies already selling a variety of equipment (such as NSN or Alcatel-

Lucent) or small to intermediary players specialized in some technologies (such as KTS-wireless Or 

Neul). They might fight to impose their own standard in the market since no standard have been 

successfully imposed yet.  

2.2.4 THE ISPS AND MNOS   

Likewise the network equipment manufacturers, some of them are large companies (BT or Indigo 

Telecom); others are specialized (Click4Internet). 

2.2.5 THIRD PARTY 

Without being an ISP or MNO, they have a relation with customer since they provide them 

another service (such as electricity). Thus, they can take in charge the customer relationship (billing, 

marketing). For relevant example, please refer to 7.1.3 
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2.2.6 THE WS DEVICE MANUFACTURERS 

They design end-user devices or sensors. Their ability to furnish equipment at large scale and low 

cost will determine the development of TVWS. Microsoft seems interested in this market (appendix 

7.1.6) 

2.2.7 OVER THE TOP 

Over The Top (OTT), which are company providing apps or services such as Google, will use the 

connectivity provided by TVWS to offer dedicated application for end-users and companies. 

2.2.8 DATABASE DESIGNERS 

They design databases and should collaborate with the regulators to get their product authorized. 

2.2.9 DATABASE-DATABASE INTERFACE DESIGNERS 

They develop software to enable databases to exchange information. They should work with 

database designers to ensure product compatibility. 

2.2.10 SPECTRUM MONITORING 

Spectrum monitoring manufacturer develop software and hardware aiming at being a 

complementary protection for the incumbents. 

 

FIGURE 3 - TVWS ECOSYSTEM ACTORS 

2.3 USES 

The different trials [16] led and regulators [19] suggest some uses for TVWS. These uses are 

listed below. 
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2.3.1 MACHINE-TO-MACHINE 

Many trials have been conducted (see appendix 7.1.2). Generally speaking, M2M is based on 

technologies already dedicated to other purposes (such as 2G/3G/4G to mobile communication or Wi-

Fi to internet connectivity). Using TVWS and an appropriated standard could enable to offer a tailored 

solution for M2M. The low TV frequencies constitute both an advantage and an inconvenient. The 

propagation characteristic will make it possible to reach sensors in most environments, which may be 

really valuable for many applications. On the other hand, half meter antennas are needed to obtain the 

highest data rate, which is too large for many potential applications, especially in a home environment. 

However, most M2M applications do not require high data rate.   

2.3.2 RURAL CONNECTIVITY 

In remote areas, the internet is often provided through poor xDSL or satellite. The xDSL data rate 

is pretty low (inferior to 1Mbps). The latency of satellite based technologies is fairly high and the 

deployment cost of a proper xDSL or fibre is high. That is why more and more regulators and ISP 

considers radio connectivity as a way to provide internet in the countryside. Some tests are conducted 

with 4G in France [27]. Thus, TVWS may be useful for rural coverage. Indeed, due to propagation 

characteristic of TV frequencies, fewer antennas are needed, which will lower the deployment cost. 

Moreover, in rural areas, less TV channels are broadcast so more white spaces are accessible and a 

better throughput can be expected than in urban area. The British specialized ISP, Click4Internet, 

offers internet through TVWS in the Isle of Wight in southern England (see appendix 7.1.1). There are 

similar cases in the US (see appendix 7.1.3).   

2.3.3 LOCATION BASED SERVICE 

A location based service takes advantage of users positions to provide them with appropriate 

information. The user position may be determined by technology such as GPS or Wi-Fi. At this point, 

the TVWS localisation is less precise than other technology. Moreover, unlike the other technologies 

which are already deployed, a deployment from scratch would be need. Thus, the location based 

service does not appear as a suitable use for TVWS. However, NSN is working on TVWS for location 

based service (see appendix 7.1.4). 

2.3.4 INDOOR COVERAGE 

Wi-Fi and 3G/4G small cells are often employed for indoor coverage. Their performances are 

better than the one expected from TVWS. However, the urge in data demand for indoor might render 

necessary to supplement the current solutions with TVWS. Also, the TV frequencies characteristics 

make TVWS an interesting option to cover nook spots or to cover both the inside and outside of a 

premise such as mall or hospital. These reasons may explain the trial led in this direction (see 

appendix 7.1.5)  

2.4 ECOSYSTEM 

Now that the ecosystem’s actors and the uses have been identified, this following section is 

focused on the second research question (for TVWS) and in particular determining the relationships 

among players. To fulfil this goal, the identified actors and the required technical function will be 

crossed checked. 

2.4.1 ACTORS VS TECHNICAL REQUIREMENTS 

The list of actors has been established previously: ISP/MNO, large NEM, specialised NEM, 

database designer, OTT, device manufacturer, client. 
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From the outcome of section 2.1.3, a list of functions needed to roll out a TVWS service can be 

established: customer relationship (billing, marketing), technical support, running, installation, white 

spaces master devices, white spaces slave devices, database, database-database interface, sites, 

applications, white space compatible equipment. 

Companies start working together when they perceive a mutual interest to act this way. For 

instance, a company buys commodities to a supplier when making the product by itself is 

uneconomical. A company with a strong customer relationship but without technical ability and a 

“symmetric” company in the sense that the second company possess the technical skill but have no 

relation with end-users may partner up. In other words, companies try and focus on their core business. 

Doing so leads to economy of scale and a simplified management and strategy. That is why companies 

partners up with other companies that have complementary core business. There are exceptions to this 

rule. Sometimes competitors, or in other words companies with overlapping core business, collaborate 

especially to share development cost. This coopetition is not considered in this paper since, first, it 

happens at micro-level and this work focuses on macro-level; secondly, the potential joint venture still 

needs to cooperate with other type of actors. Another exception is the fact that companies may 

sometimes develop activities out of their core business. Generally, this activity is required by the core 

business or gives the company more control and helps it to value its core business’ outcome. This is 

more likely to happen with close associated activities.  

Thus, the table below was iteratively built with the help of telecom professionals to enlighten the 

core business of the different actors. For each actor, every needed functions for providing a TVWS 

service is indicated as “core business”, “easily addable to the core business”, “able to bring economy 

of scale or scope”, break even activity”, “difficult to develop”. 
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TABLE 1- ACTOR VS TECHNICAL REQUIREMENTS 

 

 

2.4.2 POSSIBLE ECOSYSTEMS 

This subsection proposed possible ecosystem inspired by the above table and the fact that 

partnership are more likely to happen when the complementarity are strong. 

2.4.2.1 ISP/MNO + LARGE NEM + DEVICE MANUFACTURER 

The alliance of ISP/MNO and large NEM is typical in the telecom sector. ISP/MNO takes care of 

customer relationships and NEM is in charge of providing equipment. Running the network can be 

done by either partner depending on their agreement. The device manufacturer is in charge of end-

users’ equipment. The device manufacturer works with the NEM on compatibility issues. Sometimes, 

its products are commercialized through the ISP/MNO channel. Even though, none of the biggest 

NEMs have already developed commercialized solutions, this partnership makes sense since the 

partners are used to working together. This was the case in the Cambridge trial (see appendix 7.1.6). 

2.4.2.2  SPECIALIZED NEM + ISP/MNO 

There are many complementarities and few overlaps between a specialized NEM and an 

ISP/MNO. The specialized NEM provides the technology, whereas the ISP/MNO enables the 

specialized NEM to find clients and run the customer relation. The size of ISP/MNO often allows the 

NEM’s equipment to enter the large company market. (See appendix 7.1.1 for a commercialized 

example of such a partnership). 

2.4.2.3 NEM + OTT 

In this alliance, a NEM provides connectivity to an OTT who uses this connectivity to offer 

service to its clients. This scheme is well suited for M2M ecosystem. This ecosystem excludes the 
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ISP/MNO actors from the picture, which is not very common in the telecom sectors. This might lead 

to tension between actors (especially NEM and MNO). Despite this risk, this type of partnership has 

already been set up (see section 7.1.2). 

2.4.3 MULTIPLE ECOSYSTEM 

In different study cases, a connectivity provider sells capacity to a business client and takes 

advantage of its clients’ customer relation to sell services to more clients. Concretely, an ecosystem is 

designed to provide a service to a client generally a business client (client A). The service could be 

connectivity or M2M application. Yet, the deployed network is not fully used by client A. The idea is 

to sell the extra-capacity to another client. This second client (client B) may be a client of client A. In 

this case, client A acts as a customer relation manager for the second one (See appendix 7.1.2 and 

7.1.3). There, an OTT and NEM provide M2M service to a utility company, which, in turn, offers to 

its clients connectivity provided by the NEM. This kind of multiple ecosystem enables actors to profit 

from economy of scale at the network and customer relation level.   

 

FIGURE 4 - MULTIPLE ECOSYSTEM 
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3. LICENSED SHARED ACCESS 

3.1 BACKGROUND 

This section aims at presenting the principle of the LSA, the regulatory and technical aspects, the 

actors’ viewpoints and the uses of this regulatory framework. From this information, business 

development is considered in the next section.  

3.1.1 PRINCIPLE 

Licensed Shared Access (LSA) is an under construction regulatory framework. It is intended to be 

applied when an exclusive user underuses in term of time, place, or frequency its allocated spectrum. 

In this case a contract may be signed between the incumbent and one to several secondary users (or 

share licensees), who can employ the underused bandwidth for providing services. The agreement 

states, among other things, the area where the share licensees can deploy their networks and the 

conditions leading to its termination. 

3.1.2 REGULATION 

The ITU, an agency of the United Nation in charge of telecommunication, voted in favour of 

cognitive radio development [28], which is a category that includes LSA. Furthermore, the ITU is 

listening to the regulatory development in Europe[29]. The European Commission considers favorably 

the development of LSA [15], [30]. It mandated the Radio Spectrum Policy Group and CEPT to 

formulate recommendation on this matter. Thus, they state that[31], [32]: 

 LSA is not intended to be an initial phase for refarming. In other words, LSA could be 

set up only in the case where the spectrum cannot be cleaned in a foreseeable future; 

 LSA is particularly suited when the incumbent needs to be guaranteed that its primary 

activities will be protected; 

 LSA could be static or dynamic in the sense that the agreement can state that the 

allocated frequencies or/and the authorised area may or may not evolve; 

 LSA can ensure a predictable Quality of Service;  

 The 2.3GHz band (100MHz) is intended for LSA. This is in line with ITU WR-07 

which affected the 2.3GHz band for Mobile/Fixe Communication Network (MFCN). 

This band is used in Europe by different incumbents (the Army in France, TV 

broadcasters for supporting the broadcast)[33]. Yet, these activities are localised, which 

should not impede the development of LSA; 

 NRAs should lead national studies. 

At the national level in Europe, 16 countries declared to be ready to move towards LSA in the 

2.3GHz band and 12 are not ready to do so[33]. As of January 2014, the two most advanced countries 

in the path toward the LSA are the UK and Finland. OfCom, the British regulator, has launched a 

consultation on LSA in the 2.3GHz band. It offered the industry the opportunity to react to the 

technical and regulatory propositions[34]. For its part, the Finish regulator, Viestintavirasto in 

collaboration with the industry has conducted a trial and a second one will be led in spring 2014.  

The FCC, the US regulator, is currently considering authorizing secondary users in the 3.5GHz 

band (100MHz). In this band, the incumbents are satellites and naval radars. First, the FCC designed a 

so-called three-tierd sharing spectrum. This framework takes into consideration three actors: the 

incumbents, the priority access, and the general access. The priority access encompasses actors which 
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“need for uninterrupted spectrum access to support mission critical uses” such as governmental 

facilities or hospitals. As their activities are geographically or temporally separated from incumbent 

activities, they are protected from incumbent’s harmful interferences. Furthermore, qualified priority 

access users are protected through a database based system from interferences due to other activities 

from the same or lower tier. Thus, according to the FCC qualified priority access users may expect a 

predictable quality of service. Eventually, the general access regime enables companies and the 

general public to use the leftover bandwidth. Yet, they need to register their activities and there is no 

guarantee regarding the Quality of Service. [35], [36] 

Following Qualcomm’s proposal, the FCC is considering setting up a Licensed Shared Access on 

the 3.5GHz.The FCC values this option since European Commission is looking into this direction. 

Yet, it is still unclear which framework the FCC will adopt.[36]    

Despite minor differences in the implementation, there is a common understanding of the LSA 

concept among the regulatory bodies: 

 LSA is allowed only when no refarming could occur within a reasonable timeframe; 

 LSA is not a first step towards refarming; 

 The incumbent activities are protected; 

 Secondary users can expect a predictable Quality of Service. 

3.1.3 TECHNICAL VIEWPOINT 

3.1.3.1 DATABASE 

Under LSA and in accordance with the agreement between parties, the incumbent activities 

should be protected and the secondary user’s access demands need managing. Different solutions have 

been proposed, but the dynamic access database is the most considered for incumbent protection [17], 

[36]. Its principle is very similar to the TV white spaces database. A Listening Before Talking (LBT) 

system is sometimes considered to manage secondary users conflicts[17], [37]. 

3.1.3.2 NETWORK EQUIPMENT 

The 2.3GHz band, intended for LSA in Europe, is used for LTE-TDD in Asia[38]. Moreover, 

AT&T seeks to launch LTE-TDD with aggregation in this band[39], [40]. Thus, the LSA take-up will 

benefit from economy of scale. 

Regarding the 3.5GHz band, which is the band under discussion for LSA in the US, the UK 

intended to release 150MHz for mobile communication in that band[34]. Furthermore, ZTE and 

several WiMAX vendors are adapting their WiMAX antennas to support LTE-TDD in the 

3.5GHz[41]. This will also bring economy of scale which will facilitate the LSA take-up.    

3.1.3.3 HANDSET 

As of July 2013, 137 TD-LTE commercial devices support use in the 2.3 GHz band, but do not 

support 2G/3G in Europe since they were intended to be sold in Asia. Only the iPhone 5S/5C can both 

be used in the 2.3 GHz band and support European 2G and 3G. No mobile phone supports 3.5GHz. 

The compatible device development will be key to ensure the LSA take-up. Thus, handset is today a 

hurdle to the LSA development.  
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3.1.4 USES 

As LSA is understood today, it does not specify any use. However, the industry and the regulator 

bodies only consider as a secondary uses mobile connectivity (MFNC). Furthermore, the UK is 

considering dedicating the secondary use in the 2.3GHz to small or medium cells; indeed, these 

frequencies are seen as able to participate in meeting the capacity demand [42]. In the US, the 3.5GHz 

band is to be dedicated to small cells [35]. Carrier aggregation is also considered by the industry [6]. 

The idea is to aggregate LTE issued from licensed frequencies with the ones from LSA seamlessly for 

end-users.  

3.1.5 INCUMBENTS’ VIEWPOINTS 

The incumbent’s willingness to share their spectrum will be a crucial parameter in this framework 

development. The annual fees paid by the secondary users to the incumbent may be an incentive. Yet, 

the fees level will definitely influence the LSA development. As of January 2014, there is still an 

uncertainty on what is a typical fee for LSA. In the UK, the Ministry of Defence has to pay £155 

million (0.5% of their annual budget) for their spectrum use [43]. This led them to reduce their amount 

of spectrum; thus, they released 140MHz last year (2013) [44]. We can easily imagine that once they 

have refarmed every possible bandwidth, they might be interested in continuing to reduce their cost by 

sharing, for instance under LSA. 

3.1.6 DEMAND’S VIEWPOINT 

There is a growing need for more capacity and LSA might be a mean to partially meet the 

demand. Yet, the fees level and the potential economy of scale will render LSA more or less 

interesting for investors. However, most of the ecosystem’s actors reckon that LSA is a valuable 

solution only if refarming is impossible in a reasonable timeframe [35], [45].  

3.1.7 SUMMARY 

National and international coherent regulatory frameworks around LSA are being developed. 

There is also a common view on uses among actors. This will enhance the actors’ confidence in the 

LSA, and might consequently increase investment. However, standardization is needed to bring the 

necessary economy of scale. The incumbents’ willingness to share their spectrums and the fees level is 

still unclear. These last parameters will have large impact on the LSA take-up. 

3.2 TECHNOLOGIES FOR INDOOR DEPLOYMENT 

Some players envisage that LSA with LTE-TDD could be used for indoor deployment. 

Consequently, different technologies to provide indoor coverage are studied in this section. Their 

values from the premise owner’s viewpoint are stressed. For the sake of clarity, three types of premise 

owners are distinguished: companies, public facilities and individuals. 

3.2.1 WI-FI 

Wi-Fi is a standard based on an unlicensed regime. Wi-Fi is broadly diffused in the residential 

market since it provides a sufficient data-rate for a household consumption, it is a Plug&Play (no 

installation needed) and it is really unexpansive. Companies and public facilities assess Wi-Fi the 

same way. Yet, Wi-Fi is based on best-effort delivery mechanism which means that there is no 

guarantee in term of QoS.  
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3.2.2 LICENSED SPECTRUM FOR SMALL CELLS 

Some MNO provides their residential internet clients (for free or not) with indoor small cells. This 

is particularly suitable to provide connectivity deep inside buildings or in rural areas. However, this 

solution is not offered by all MNOs and transferring data through this access point generally cost as 

much as through any of the operator’s base stations. The same services are more commonly offered to 

companies and public facilities, but are charged.  

3.2.3 SUMMARY 

First, the LSA proposes a predictable QoS for a price which is expected to be lower than small 

cells with licensed spectrum. Thus, the LSA is a trade-off between Wi-Fi and licensed small cells, 

which may enable its take-up. Furthermore, the small cells market is growing fast. Indeed, indoor 

traffic is to represent up to 63% of the all traffic by 2015 [46] and the all traffic is expected to increase 

by 33 times by 2020 [47]. Thus, according to the Boston Consulting Group matrix, the LSA is at this 

point a question mark (i.e. a product at its early edge with many uncertainties but in a growing 

market). Developing this product may require much investment; that is why the following section is 

investigating closely the impact of LSA on the indoor coverage ecosystem. 

3.3 INDOOR COVERAGE ECOSYSTEM 

3.3.1 RELATED WORK 

Amirhossein Ghanbari realised an exhaustive study of the different structures for indoor 

coverage[48]. Six network deployment models were identified. This part presents these six models; the 

next section presents the impact of LSA on these models. 

3.3.1.1 BASIC INDOOR NETWORK DEPLOYMENT 

In this scenario, a MNO buys equipment to Network Equipment Manufacturer (NEM). The MNO 

agrees with the premise owner on locations for the base stations. Then, the MNO takes care of 

deploying and running the network. 

3.3.1.2 OUTSOURCING OPERATION & MAINTENANCE 

This model is very similar to the previous one. The main difference stands in the fact that once the 

network has been deployed, the MNO outsources the network running and the premise owner relation 

to a Management Service Provider (MSP). 

3.3.1.3 SMALL CELL AS A SERVICE 

In this scheme, the MNO entrusts a MSP with the deployment, the operation and maintenance, the 

relations with the premise and the NEM. The MSP uses the MNO’s frequencies and provide 

connectivity to the MNO’s end-users.  

3.3.1.4 STANDALONE THIRD PARTY 

This model is the same as the previous one but here the spectrum belongs to the MSP or is 

unlicensed. The difficulty for others than MNO to acquire spectrum impedes the model development. 

3.3.1.5 PREMISE OWNER ACTING AS MSP 

This model is very similar to the previous one except that the premise owner is also the MSP. This 

scenario is unlikely since the spectrum acquisition costs cannot easily be amortized.  
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3.3.1.6 COMPREHENSIVE SOLUTION 

   Similar to the Standalone third party case, but the NEM also acts as a MSP. This scenario is 

speculative; no NEM owns spectrum at this point. 

3.3.2 IMPACT OF LSA ON INDOOR COVERAGE 

The LSA introduction may radically change the picture for indoor coverage. Under LSA, licence 

fees are expected to be lower than for licensed regime and a secondary licence may be acquired only 

for a restrict area. This lowers the cost to access to a predictable QoS. Consequently, the LSA enables 

the three hypothetical scenarios presented in the previous section (i.e. standalone third party, premise 

owner acting as a MSP and the comprehensive solution). This is a real game changer in the sense that 

actors others than MNOs could provide services. LSA lowers the entrance barriers, which may alter 

the relations among the telecommunication ecosystem. One option is the development of MSP 

providing telecommunication as a service or premise offering by itself connectivity to their customers 

or employees.   
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4. STRATEGIES FOR TVWS 

Section 2 identified several ecosystems for TVWS deployment. The two first propositions are 

centred on MNOs and are consequently very close to the traditional telecom ecosystems. By contrast, 

the last one does not mention MNO. This challenging ecosystem is under study in this section. The 

objective is to determine how such an ecosystem could develop in order to stress its strengths and 

weaknesses. This work aims at assessing the likelihood for this ecosystem to develop.  

4.1 ECOSYSTEMS 

4.1.1 THE TYPICAL TELECOM ECOSYSTEM 

In a typical telecom ecosystem, a MNO owns licences, buys equipment to a NEM and sometimes 

outsources the network running to a MSP. Then, the MNO retails capacity to end-users and business 

companies. It also sells it in bulk to MVNOs, aggregators or even other MNOs. In other words, MNOs 

produce capacity from their own equipment and sell it to client which needs it. Their key position is 

protected by three barriers: the limited numbers of licences, the licence obligation of deploying large 

network and the necessity of economy of scale. With TVWS, the two first barriers are destroyed. This 

does not entail that this classic ecosystem and the MNO’s central position is irrelevant. Nevertheless, 

other ecosystems can develop and other actors may play a more central role, especially those which 

have been unsuccessfully trying to become a MNO. 

 

FIGURE 5 - CLASSIC ECOSYSTEM 

4.1.2 A NEW ECOSYSTEM 

The first question is which player will own the network and produce the capacity. This player will 

have a similar position to the one occupied by the MNO in the previous configuration.  

4.1.2.1 MVNO 

Some MVNOs have been trying to enter MNO’s market for several years. They, for instance, 

participated to auctions. The TVWS development is then an opportunity for them to produce 
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connectivity. This strategy may enable them to decrease their dependency on their host network, to 

offer services that differentiate them from their MNO host’s commercial positioning, and also to 

reduce the fees paid for MNO’s capacity. All of this is conditional on their financial ability to invest in 

the network. One the plus side, MVNOs already have clients to sell this TVWS capacity. 

4.1.2.2 SPECIALIZED NEM 

Some specialized NEMs may be interested in providing connectivity as a service. Some examples 

are available in Sections 7.1.2, 7.1.3 and 7.1.5. Indeed, when a business client is not from the telecom 

sector which will be more and more the case with the M2M take-up, O&M services often needs to be 

sold with the equipment. Furthermore, for this kind of clients, investing in telecom equipment might 

be far away from their core businesses, and they are consequently more interested in paying for an all-

included service rather than equipment and maintenance. This is a way for a NEM to increase its 

turnover. Besides, if a specialized NEM owns the equipment, the capacity unused by one client could 

be sold to another, which may drastically increase margin. Likewise MVNOs, the financial aspect will 

be key to determine the feasibility of this strategy. Here, this aspect will be more crucial due to the 

generally limited financial means of a specialized NEM. 

4.1.2.3 LARGE NEM 

Providing connectivity through TVWS as a service is a strategy which may offer the same types 

of opportunities to a large NEM. The main difference is that it might be easier for a large NEM to 

realise consequent investment. Yet, its close relations with MNOs may impede large NEMs to deploy 

this solution. The lack of customer relation with small clients is a weakness. 

4.1.2.4 MANAGED SERVICE PROVIDER 

Providing connectivity as a service may enable, for the same reasons as a NEM, a MSP to 

increase its turnover and margin. A MSP may also encounter difficulties due to the necessary 

transformation of its cost and revenue structure. The MNOs’ reactions are also a matter of concern 

since MNOs are MSPs’ clients. 

4.1.2.5 STATE SUMMARY 

For several players, adopting a service provider policy offers interesting opportunities in term of 

revenues. Their experiences in the telecom sector and some economies of scope should provide them 

confidence to implement this new strategy. Yet, all of them need to make their cost and revenue 

streams evolve, which might be challenging. Indeed, a MSP sells operation and maintenance service 

which does not require first large investment. For its part, a NEM do not realize long term investment 

as for instance MNOs do. 
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FIGURE 6 - NEW ECOSYSTEM 

4.2 VALUE PROPOSITION FOR CLIENTS 

This section presents the value proposition for each potential client. A business model can only 

develop if there is a real value for clients. 

4.2.1 BUSINESS CLIENTS 

Business clients generally have their core businesses away from the telecom sectors. 

Consequently, when they need connectivity, they do not possess the knowledge and the crew to 

produce it or even a significant part of it. They need to get an end-to-end solution. Besides, the 

financing structure proposed by the connectivity provider to its clients, namely paying fees on a 

regular basis, interests the business clients since they can concentrate their investment on their core 

businesses. 

4.2.2 END-USERS 

Services such as rural connectivity or M2M can be offered directly to end-users. The values of 

this two uses under TVWS were presented in Section 2.3.1 and 2.3.2. TVWS delivers a QoS which is 

better than a bad xDSL or satellite connectivity- more information on Section 7.1.1.  

4.2.3 MVNOS 

MVNOs buy capacity in bulk to MNOs and retail it to end-users. Thus, this new connectivity 

provider is a new option. This does not change MVNOs’ business model, it just creates competition 

between providers, and consequently lower the wholesale price. Furthermore, this TVWS capacity is 

expected to be less expensive, which should increase MVNOs margins. These new offers also enable 

MVNOs to distinguish themselves from their MNOs by providing new services or connectivity 

elsewhere with this TVWS capacity. 
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4.2.4 MNOS 

MNOs produce connectivity and then retail or sell it in bulk. Here, a connectivity provider wishes 

to sell them connectivity in bulk. The question for MNOs is then: Why to buy what we are supposed to 

invest in and sell? Indeed, this might be perceived as a way to destroy their own businesses. Yet, there 

are cases where investing in the network is uneconomical for a MNO. For instance, governments in 

Europe require operator to provide connectivity to almost everyone even sometimes in very remote 

areas. Here, it makes sense to reuse a network if it has been deployed (by buying capacity) instead of 

building a new one. Otherwise, MNOs do not have an unlimited investment budget and they have to 

decide between competitive projects. Some of the non-elected projects might have a strategic interest 

or a high ROI. Buying connectivity to another actor will reduce the CAPEX investment and may 

render such projects feasible.     

4.3 FINANCING A CONNECTIVITY PROVIDER STRATEGY 

As it was enlightened in the last section, one of the main challenges for these new connectivity 

producers is to secure the financing of their strategy. This goal is difficult to reach since economies of 

scale are crucial in telecommunication. Thus, in order to be competitive and generate margins, 

investments need to be high. This section proposes two ways to reach this goal. 

4.3.1 FROM SMALL TO LARGE 

As pointed out previously, it might be difficult for specialized NEMs or MSPs to widely invest. 

One strategy is for them to start developing business at a small scale, i.e. providing service in a limited 

area (see appendix 7.1.1 or 7.1.3). They will not benefit from economies of scale and consequently 

their margins will be very low. To increase margin, one option is to sell the capacity unused by the 

direct client to other telecom actors (MNOs, MVNOs, aggregators) or clients of your business clients 

(see section 7.1.3). It is likely that does not suffice to obtain viable margins. Nevertheless, this strategy 

enables small service providers to build an ecosystem and its network until it attains critical size which 

will make them profit from economies of scale and associated margin. This strategy which avoids 

large investment, to the detriment of margin, and smoothly transform the cost and revenue structure 

may suit small players which want to offer connectivity. 

4.3.2 FROM LARGE TO SMALL 
This financing strategy suits companies able to invest heavily, which might be the case of certain 

MVNOs or large NEMs. Here, the principle is to invest enough to benefit from economy of scale. 

Concretely, the companies develop a large network to accommodate, for instance, the connectivity 

need for a M2M application. Indeed, it could be easily conceived that the small network deployed to 

monitor an electrical network (see appendix 7.1.2) might be extended to a large utility network (train, 

electricity, water…). Thus, the connectivity provider deploys a large network for a client which needs 

connectivity in a large scale. This first consequent investment can be amortized by selling the extra-

capacity at a local level to provide rural connectivity (see section 7.1.3). Providing capacities to 

finance a large network, this strategy permits to benefit from economy of scale and a quick return on 

investment through selling the extra-capacity.   
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FIGURE 7 - LARGE TO SMALL 

4.4 VALUES 

All along this strategy’s presentation, values for the one implementing (NEM or MSP), it have 

been presented. Here is a summary of these values. 

• Enter new markets 

• Increase margin by controlling a large portion of the Telco chain 

• Save time-to-upsell (same time between the client’s demand for upgrading and the upgrade. 

Indeed, the network is already deployed and the only modification needed for upgrading are 

software-based) 

• Diversify clients and gain barging power.  

4.5 FEASIBILITY 

Now that this challenging strategy has shown values for the one implementing it and its potential 

clients, let have a look to the feasibility of such a strategy. To do that, a SWOT analysis has been made 

from the viewpoint of the one implementing the solution either a MSP or a NEM. 

 

Strengths: 

• Solid value proposition for several actors 

• Well-positioned to address several clients (see section 2.4.3) 

• Strong technical knowledge 

• Already in the Telco ecosystem 

Weaknesses: 

• Require massive investment 

• Lack of competencies in marketing 

• Impossibility to obtain a predictable QoS 
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Opportunities: 

• No player has managed to get a large footprint on TV white spaces and M2M market 

• M2M, indoor coverage and located-based services markets are growing 

Threats: 

• Risks of lacking of spectrum following potential refarming 

• Reactions of MNOs which may endanger other contracts 

The strategy where another player than a MNO provides connectivity has value for a wide part of 

the ecosystem (MVNOs, business clients, end-users, or MNOs), also presents real values for the 

service provider implementing the strategy. Furthermore, the experience in the telecom sector of these 

potential new connectivity providers is a real strength for the development of this new business model. 

On the other hand, financing the necessary investment might be challenging for a telecom company 

which wants to become a connectivity provider, but two strategies have been presented to somewhat 

bridge this gap. Thus, the business model proposed offers value for clients, gives opportunities to 

companies which implement it, is backed up by real strengths, and proposes strategy to alleviate 

weaknesses. All of these are positive signals towards the development of this new ecosystem. 

However, the general uncertainties on the development of TVWS and the quantity of spectrum 

available for TVWS are real threats to this business model (see sections 2.1.5 and 2.1.6). More 

specifically, the potential resilience of different actors to change in the ecosystem might impede this 

strategy. Moreover, if MNOs do not positively value the development of this new ecosystem but 

instead see it as a threat to their own businesses, then, due to MNOs’ influences on the ecosystem, this 

new ecosystem is not going to take up. Yet, the reverse scenario might happen. In this case, MNOs 

consider valuable to share investment cost (see section 4.2.4) and let this ecosystem developed along 

the dominant one whose they are the centre.    
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5. STRATEGIES FOR LSA 

This section presents for several telecom players the possible strategies towards LSA. Then, a 

challenging strategy is detailed in order to concretely stress the potential drawbacks and advantages of 

the strategy. 

5.1 ACTORS’ STRATEGIES 

The new business opportunities brought by LSA may modify the actors’ approach of the market 

and even modify their positioning. 

5.1.1 NETWORK EQUIPMENT MANUFACTURER 

Network equipment manufacturers sell telecom equipment mainly to MNOs or ISPs. It may also 

provide them with operation and maintenance assistance. This section describes the four possible 

approaches for a NEM. 

5.1.1.1 PROVIDING EQUIPMENT 

This is the typical way of doing business for a NEM. The NEM develops products, manufactures 

them and sells them to MNOs and ISPs. This scenario raises two questions. Will the developing cost 

of this product be lower than the revenue brought by the market demand? This question is linked with 

the device manufacturers’ ability to include LSA frequencies in the mass market product. The second 

question: Will developing customer relation with new actors (premises, companies) provide a valuable 

ROI? The answer is probably no. Even though LSA theoretically enables scenarios where premises or 

companies deploy the network by themselves (as presented in section 3.3.1.4 and 3.3.1.5), they suffer 

from a lack of competencies. Thus, addressing this segment might be uneconomical.  

5.1.1.2 PROVIDING EQUIPMENT AND OPERATION & MAINTENANCE 

With this approach, the NEM sells equipment and O&M to a MNO. This partnership is quite 

common in outdoor deployment. With this scenario, both actors can profit from economies of scale. 

The main question is the same as one posed in the last subsection: Will the developing cost of this 

product be lower than the revenue brought by the market demand? Here, the answer is slightly 

different. The fact that the NEM gets revenues from the equipment and the O&M will more easily 

offset the development investment. 

5.1.1.3 PROVIDING SMALL CELLS AS A SERVICE 

Here, a NEM does not sell equipment nor O&M, but capacity to a MNO. Concretely, the NEM 

deploy and run its own network and use MNO’s frequencies to sell capacity to the MNO. This model 

was possible before the introduction of LSA. However, this LSA introduction was a game-changer and 

this model needs to be considered again. To implement this scenario, the NEM needs to develop 

relationships with premise owners, which would be something completely new for a NEM. This 

approach will also require large investment from NEMs. From a client perspective, the MNOs might 

be reluctant to lose control on the network, but they might see in this model a way to reduce their 

CAPEX by converting it in OPEX. However, only one player running indoor network could be 

valuable for MNOs which can profit from the saving from having a large network, and for the premise 

which only deals with one actor. Thus, despite many drawbacks a market can develop. 

5.1.1.4 COMPREHENSIVE SOLUTION 

  In this scenario, the NEM sells capacity to a MNO or another player interesting in buying 

wholesale capacity (MVNOs, certain premises). Here, the network and the frequencies belong to the 
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NEM. This scenario was hypothetical since it implies large investments (building a national network 

and buying license), it is very away from their core business and their current clients (MNOs) might be 

reluctant to see them acting that way. This picture slightly changes with the introduction of LSA, 

which reduces the investment. 

5.1.2 MVNO 

MVNO buys wholesale capacity from a MNO and retails it to end-users. The upcoming 

introduction of LSA for small cells offers MVNO an opportunity to either reduce their cost or 

differentiate their service. Indeed, the overall deployment cost of LSA is expected to be lower than 

regular licensed cost and providing indoor coverage might be a market argument. If a MVNO wants to 

develop indoor coverage with LSA, three strategies are possible.    

5.1.2.1 EXTENSION OF CONTRACT WITH MNOS 

The first strategy is to wait for MNOs to invest in LSA small cells and then extend contract to this 

market. This strategy does not require much modification in the MVNO’s business or in its 

partnerships. However, MVNOs depend on MNOs’ behaviours. 

5.1.2.2 BUYING CAPACITY TO OTHER PLAYERS 

As seen previously, new actors might be able to sell capacity. These actors could in that case, 

become MVNO’s supplier. This is particularly interesting for two reasons. First, increasing the 

number of supplier will decrease the wholesale fees. Secondly, having more than one provider enables 

a MVNO to differentiate its offers from what their providing MNO is offering to the mass market. 

5.1.2.3 BECOMING A LSA LICENSEE 

The last option is to become a LSA licensed user. To fulfil this goal, MVNO needs to acquire the 

necessary competences in running networks or outsource this task to a third party. This should also be 

able to support large investment to set up the network and pay license fees. Furthermore, this strategy 

might endanger the MVNOs’ partnership with MNOs. This strategy appears to be very challenging for 

a MVNO; nevertheless, it could be a first move for MVNO which wants to become a MNO or a way 

nfor a MVNO to become more independent.  

5.1.3 MNO 

The typical ways of doing business for a MNO is to buy exclusive licences and equipment plus 

sometimes O&M from a NEM; in a second time, it retails capacity to end-users. The MNO business is 

protected by high entrance barriers such as license fees and deployment costs. As seen previously, 

LSA somewhat threatens these barriers. With the increasing demand for indoor data, it is pretty certain 

that in a way or another MNOs need to take advantage of this capacity. The question is then what 

strategy the MNO will deploy. 

5.1.3.1 BUYING LSA LICENSE AND INVESTING IN NETWORKS 

Buying LSA licence and investing in networks is a way for MNOs to adapt their typical business 

to LSA. This option profits from economies of scope and is riskless in the sense that the ecosystem is 

already set up. 

5.1.3.2 BUYING LSA LICENCE 

A second option for MNOs is to only buy a LSA licence and not to invest into the network. The 

network is deployed and run by a third party. The MNOs’ frequencies are broadcast on this network 

and the end-users of MNO are accommodated. This is a way to optimize the license fees paid for LSA 
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licenses and offer coverage to the end-user in the case where the ROI is perceived as too low. 

Concretely, it may happen when a facility owner wants its user to be connected, but the MNOs do not 

wants to invest in infrastructure.     

5.1.3.3  BUYING CAPACITY FROM A LSA CONNECTIVITY PROVIDER 

The last option is to buy LSA capacity from a player which has developed a network and own a 

LSA licence. The development of such players is more likely to happen since LSA lowers the entrance 

barrier as previously discussed. Here, MNOs lose control of the network and the licence, but on the 

other hand, this reduces the CAPEX investment, which might be really valuable due to the large 

investment MNO will have to face in the next years to meet the growing demand for data.  

5.1.4 PREMISE OWNER 

Premise owners could be categorized as public or private. A public premise accommodates the 

general public. It encompasses hospitals, malls, or airports. When a public premise owner proposes a 

service, it wants all its clients to access to the service regardless their mobile operator. Yet, at the same 

time, the premise owners value the fact that only one player install and run the equipment. For a 

private premise, such as a company site, there is generally only one telecom provider which is not an 

issue since employees use the company’s devices (linked to only one MNO). 

5.1.4.1 PROVIDING ITS OWN SOLUTION 

It has been said previously that LSA lowers the entrance barrier. However, the scenario where a 

premise owner acquires a LSA license, invests in network equipment, or trains its own crew for 

running a network is unlikely. All these activities require to widely invest in a sector very different 

from its core business. Thus, providing its own solution scenario is not going to develop. 

5.1.4.2 PARTNERS UP WITH MNO(S) 

In case of a private facility, only one partnership needs to be established with a MNO. This 

solution is then simple and MNOs are well positioned to take this market if they desire since they 

already have commercial relationships with companies. 

In case of a public facility, there is a trade-off between the proportion of facility users 

accommodated with connectivity and the number of networks deployed. The more networks deployed, 

the more the facility owner has to manage relationships. It also implies to duplicate (or share if 

possible) sites or to have different deployment phases, which is not always feasible. In other words, 

this solution is often complex for the premise owner and might make it back away.  

5.1.4.3 PARTNERS UP WITH A THIRD PARTY 

  Another option for a premise is to partner up with a third party which is in charge of providing 

connectivity to facility’s users. It could be a MNO which offers roaming to other MNOs or a managed 

service provider which run the network with the MNO’s frequencies. This option is really interesting 

for the premise owner in the sense that all users could be accommodated and there is only one main 

business partner.  

5.1.5 MANAGED SERVICE PROVIDER 

A management service provider may deploy or run a network in which one to several MNOs or 

other clients are accommodated. For them, there are two strategies following the introduction of LSA. 
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5.1.5.1 CLASSIC BUSINESS 

In this case, the managed service provider waits for MNOs or other players to acquire LSA 

licences and then propose them to run the network. This strategy is really similar to the current MSP 

positioning. Here, the MSPs just need to address potential new players which will acquire LSA 

licences. 

5.1.5.2 PROVIDING CONNECTIVITY 

 Here, a MSP acquires a LSA licence and provides capacity to MNOs or the premise owner. This 

strategy requires large investments. Furthermore, it may endanger the partnership with MNOs in other 

contracts since the MNOs can perceive the MSP which provides connectivity as a competitor. On the 

other hand, this strategy will increase MSP margin due to a better control over the chain of value. 

Besides, the MSP’s ability to offer a comprehensive solution to the premise owner may accelerate the 

take-up of indoor coverage (since it will appear as simple to the premise owner) and consequently the 

MSP market. This strategy is risky for MSP but the potential gains are high. 

5.2 EXAMPLE OF A NEW STRATEGY 

The previous section presented different strategies for the telecom players. Some are challenging 

in the sense that they may impact the ecosystem. This section looks into one of these strategies in 

detail so that the opportunities and drawbacks of these approaches could be enlightened. Thus, below 

is presented a business model where a connectivity provider (which could be either a NEM or a MSP) 

provides small cells as a service and comprehensive solution approaches. The business model is built 

according to Osterwalder’s canvas. 

5.2.1  SEGMENT AND VALUE PROPOSITION 

The first step is to identify what actors could be clients of the connectivity provider and the value 

proposition for each of them. Here, it is assumed that the connectivity provider has acquired a LSA 

licensee. 

5.2.1.1 MNOS WITH INDOOR POLICY 

A MNO with indoor policy owns frequencies for indoor deployment, trains its staff for indoor 

deployment and O&M, and has defined indoor coverage as a priority. The connectivity provider could 

offer small cells as a service using the MNO’s frequencies and during the peak hours, these 

frequencies may be supplemented by the LSA frequencies licensed to the connectivity provider. Thus, 

the MNO can accommodate its users at any time which might be really valuable for it. Below, the 

different values for MNO is listed. 

Values issued Small Cells as a service: 

• No CAPEX (there is no need to invest in the network) 

• OPEX reduction (no need to train employees) 

• No contract with a competitor. It was enlightened previously that the premise owner often 

wants all their users to be accommodated which may imply for a MNO willing to deploy an 

indoor network to offer roaming to competitors.  

• Expenditure at the same pace as income. Indeed, MNOs earn revenues from their subscribers 

monthly, but prior to get any revenue, they have to invest in the network and frequencies. This 

revenue and cost structure may put them under much financial pressure. Thus, buying 

connectivity as a service may allow them to invest in crucial objectives for their development.    
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• In case the connectivity provider is a NEM, the Development & Operation is facilitated since 

the one running the network is in a direct relation with the teams which designed it. Thus, a 

better QoS can be expected and also some saving as there is less interface cost.  

Values from Sharing (included in SCaaS): If a connectivity provider offers small cells as a 

service, it aims at having more than one client. Thus, all its clients will benefit from sharing. 

• With large networks a higher level of utilization can be reached which consequently lower the 

cost per user. 

• Reduce MNOs’ fees to the connectivity provider. Indeed, the investment costs will be more 

rapidly amortized if the number of users is high. Furthermore, the OPEX cost also reduces 

with the number of users. This saving for the connectivity provider is to entail discount for the 

MNOs on their fees.  

• Only one operator for MNOs’ clients (premises). As said previously, having only partner (here 

the third party) is really valuable for premise owners.   

Values from LSA (used in peak hours): 

• Decrease MNO’s CAPEX. The MNO does not need to buy additional bandwidth for 

accommodate peak hour, which is a large saving since this extra capacity is underused most of 

the time. 

• The MNO’s end-users are protected from overload, which might become a market advantage. 

5.2.1.2 MNOS WITHOUT INDOOR POLICY 

A MNO without indoor policy do not own frequencies for indoor deployment, does not train its 

crews for indoor deployment and O&M, nor has defined indoor coverage as priority. The value 

proposition for this player is really similar to the one for a MNO with indoor policy. The main 

difference is that for a MNO without indoor policy to deploy an indoor network requires large 

investment (in frequencies, in training crew…) which render the service proposed by a third party 

much valuable. 

5.2.1.3 FULL MVNOS 

Unlike light MVNOs, full MVNOs can buy capacity from different operators. In addition to the 

value proposition presented for MNOs, the MVNO which buys capacity from a third party can 

differentiate its commercial offer from its MNO partner. As many MVNOs are positioned on a low-

cost strategy, the possibilities offered by LSA and sharing may be seen as valuable. 

5.2.1.4 PREMISE OWNERS 

A premise owner which wants to provide connectivity to its users might be interested in 

collaborating with a third party offering a comprehensive solution. This option enables the premise 

owner to concentrate its management and investment on its core business. Furthermore, the premise 

owner also profits from the economy due to the uses of LSA instead of a regular license. 

5.2.2 CHANNEL 

According to our definition in this strategy, a connectivity provider is in this case either a MSP or 

NEM. In both cases, the connectivity provider has already commercial relations with MNO and 

MVNO, so the development of this new activity will benefit from economy of scale. Regarding the 

relation with the premise owner, developing indoor coverage solutions already implies to develop 

contact with premise owner. It is then a matter of turning them into commercial ones. 
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5.2.3 CUSTOMER RELATIONSHIP 

5.2.3.1 ACQUISITION 

A connectivity provider is really well-positioned to enable the market take-up. Premise owners 

wish all their clients to be accommodated, which implies that all the MNOs offers service in the 

premise and realize the installation at the same time. Unfortunately for them, all MNOs do not have 

the same schedule. In this context, a third party trusted by the MNOs which realizes the installation 

and run the network may unlock the market and initiate a positive loop for investment. 

5.2.3.2 RETENTION 

The business model proposed by the connectivity provider introduces high switching cost. As the 

clients (MNOs, MVNOs, and premise owners) do not own the equipment, they are locked. The fact 

that premise owners will be resilient to let another actor deploy a network also form a barrier.   

5.2.3.3 BOOSTING  

The comprehensive solution is easily scalable. Upselling more capacity or adding a new client 

will be easy since there are few actors in the chain and the network is already deployed. Thus, the time 

to upgrade is fairly low, which may increase the connectivity provider’s revenues. 

5.2.4 COST AND REVENUE STREAM 

Developing a service strategy implies large upfront investments and revenues on a monthly or 

annually. This is a major change in either a MSP or NEM cost structure. Indeed, a MSP sells operation 

and maintenance service which does not require first large investment. For its part, a NEM do not 

realize long term investment as for instance MNOs do. To adapt the cost and revenue structure is a 

challenge for a connectivity provider. 

5.2.5 KEY PARTNERS 

Regarding the technical part, the key partners are the same as any other telecom ecosystem. Yet, 

new partnerships need to be established to finance the project and to develop marketing relation. As 

the comprehensive solution implies large investment, the connectivity provider need to partner up with 

banks. Offering services requires to make the marketing evolve, so it might be useful to outsource this 

task. 

5.2.6 KEY ACTIVITIES 

The key activities can be categorized in two sections: the setup phase and the exploitation phase. 

Setup phase: 

• Building a relation with new partners 

• Making the relation with the current partners evolve. For instance, convincing MNOs of the 

value in the comprehensive solution. 

• Building the network 

Exploitation phase: 

• Billing system (marketing and technical aspects) 

• Providing a service on demand which is: 

• Easy for clients to adapt their consumption 

• Scalable: Capacity is adjusted according to the demand. 
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5.2.7 KEY RESOURCES    

This is a non-exhaustive list of key resources: 

• the LSA license 

• Premise agreement 

• Financial capacity for investing 

5.2.8 VALUES 

All along this strategy’s presentation, values for the one implementing (NEM or MSP), it have 

been presented. Here is a summary of these values. 

• Enter a new market 

• Increase margin by controlling a large portion of the Telco chain 

• Save time-to-upsell (same time between the client’s demand for upgrading and the upgrade. 

Indeed, the network is already deployed and the only modification needed for upgrading are 

software-based) 

 

5.2.9 FEASIBILITY 

Now that this challenging strategy has shown values for the one implementing it and its potential 

clients, let have a look to the feasibility of such a strategy. To do that, a SWOT analysis has been made 

from the viewpoint of the one implementing the solution either a MSP or a NEM. 

 

Strengths: 

• Solid value proposition for several actors 

• Well-positioned to unlock the indoor market 

• Strong technical knowledge 

• Already in the Telco ecosystem 

Weaknesses: 

• Require massive investment 

• Lack of competencies in this particular marketing 

Opportunities: 

• No player has managed to get a large footprint on indoor market 

• Trustful players are more likely to get LSA licenses 

Threats: 

• Risks with LSA agreements (risk that the incumbent invoke the termination clause) 

• Reactions of MNOs which may endanger other contracts 

First, the strengths might offset the weaknesses, which renders possible such a strategy. However, 

the threats should be closely considered. MNOs’ distrust in this strategy may have aftermaths on other 

activites that are dependent on the relationship with the MNO. This may endanger the viability of a 

NEM or MSP to be a connectivity provider in this strategy. That is why this strategy is unlikely to be 

implemented without MNOs’ agreement. Yet, this agreement is not impossible to obtain since the 

value proposition for MNOs is real. Indeed, letting another party invest in the network and spectrum 

may free up capital useable for priority investment. The challenge is then to convince MNOs that what 

first appeared to be threat might become a win-win situation. This is to be really difficult, especially if 

the connectivity provider is a large companies or at least much larger than MNOs. Indeed, MNOs are 

afraid that once they accommodate their end-users with connectivity providers’ capacity, they will be 

completely bound to their provider. Then, the connectivity provider can increase prices, and if the 
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connectivity provider is a large company (for whom this business is a small part of its turnover), it 

might be difficult for MNOs to negotiate. Furthermore, as of today, pure wholesalers are not under 

regulation power, which would somewhat protect MNOs. However, this does not imply, first, that 

large connectivity providers cannot propose a strategy which ensures MNOs’ protection and, second, 

that partnership between small connectivity providers and MNOs is impossible.    

6. CONCLUSION AND FUTURE WORK 

6.1 THE RESEARCH QUESTIONS 

This thesis aimed at answering the following research question: What are the possible ecosystems 

created by LSA and TVWS? The first part of the work assessed the potential development of these two 

technologies and associated frameworks. The research permits concluding that there is a common 

understanding of TVWS and regulators are implementing similar frameworks. The industry and 

regulators have launched plenty of trials, and there are even some examples of commercial releases. 

This may result in the development of an ecosystem. Furthermore, many standards are being 

developed. Yet, to bring economies of scale, which would ensure the development of TVWS, the 

industry needs to favor a limited number of these standards. However, the amount of frequency 

channels available for TVWS activities is still uncertain since the regulators have not stated their 

positions on the balancing between TVWS and digital dividend (refarming). Their decision will 

influence the market size and consequently the market take-up. Similarly to TVWS, a national and 

international coherent regulatory framework is being developed around LSA. There is also a common 

view on uses among actors where indoor coverage is one of the most mentioned ones. This will 

enhance the actors’ confidence in LSA, and might consequently increase investments. However, 

standardization is needed to bring the necessary economies of scale. Moreover, the incumbents’ 

willingness to share their spectrums and the fees level are still unclear. These last parameters will have 

large impacts on the LSA take-up. As a result, even though there are potential setbacks to the 

development of LSA, it is most likely to take up.   

 What will be the actors of the ecosystem and their potential settings?  

All the typical telecom players are included in the ecosystems which are about to develop around 

TVWS and LSA, although their relative positions may evolve. Furthermore, the technological 

challenges to protect incumbents and secondary users from harmful interferences require knowledge in 

sensing and database systems, which may enable new players such as database managers to develop 

and enter. In addition to these technological actors, companies with strong relations with end-users 

might need to be included in the picture. Finally, OTTs need to be considered as members of the 

ecosystem since some of them might use this new connectivity to seamlessly offer services or 

information to their own clients.   
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FIGURE 8 - TVWS AND LSA ECOSYSTEMS 
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These graphics summarize the different potential 

settings for the LSA ecosystem’s players. 

 

  

  
FIGURE 9 - POSSIBLE SETTINGS FOR THE MAIN LSA ECOSYSTEM'S PLAYERS  
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These graphics summarize the different potential 

settings for the TVWS ecosystem’s players. 

 

  

  
FIGURE 10 - POSSIBLE SETTINGS FOR THE MAIN TVWS ECOSYSTEM'S PLAYERS 

 What are the potential positioning for each actor and the associated opportunities and 

threats? 

Regarding TVWS, one of the possible ecosystems is centred on a MNO which buys equipment 

from NEMs and retails or sells in bulk capacity to end-users, MVNOs, business clients, or others. This 

typical ecosystem is not irrelevant here. Yet, the lack of licence fees or coverage requirements enables 

other ways to do business to develop. This paper investigated strategies where other players than 

MNOs provide connectivity and take the central position. This strategy brings opportunities to these 

new connectivity providers (increase margin, develop new business) and value for their potential 

clients (decrease OPEX and CAPEX). Furthermore, these new connectivity providers possess real 
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strengths and only limited weaknesses. However, the MNOs’ reluctance to let this new ecosystem to 

develop is the most dangerous threat to its development.  

TABLE 2 - STRATEGIES FOR TVWS 

Name 
Solution 
provider 

Network 
owner 

Client development 
main reasons 

for 
development 

main reasons 
against 

development 

Comprehensive 
solution 

CP CP 

MNO 
very limited, 

only with 
small CP 

reduce OPEX 
and CAPEX for 

MNOs 

MNO lose 
network control 

MVNO limited 
new source of 
connectivity 

MNOs' pressure 

Business 
client 

limited 
tailored 
solution 

difficulties to 
set up a 

"multiple 
ecosystem" 

(needed to be 
profitable) 

Classic MNO MNO 

MNO 

Principal 
ecosystem 

No change 
needed 

Require much 
investment 
from MNOs 

MVNO 

Business 
client 

 CP: Connectivity Provider (NEM, MSP, MVNO) 

To a slightly lesser extent, LSA also lowers the entrance barriers into the business of providing 

connectivity. Here, the shared license fees are expected to be lower than traditional ones and no 

coverage requirement is enforced. Consequently, this is a game-changer for indoor coverage since 

LSA might enable the development of scenarios and ecosystems which were previously considered as 

hypothetical. Thus, scenarios where a Managed Service Providers or a Network Equipment Providers 

offers connectivity (without MNOs) to a premise owner or a MVNO have the potential to take up. 

This strategy is valuable for the new connectivity providers (new business, increase margin) and the 

client (decrease OPEX and CAPEX). Here, financing this strategy is also a challenge, but the most 

significant risk might arise from the MNOs’ pressure on the ecosystem’s actors to prevent this strategy 

from developing.  
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TABLE 3 - STRATEGIES FOR LSA 

Name 
Solution 
provider 

Spectrum/ 
network 
owner 

Clients development 
main reasons 

for 
development 

main reasons 
against 

development 

Small cell as a 
Service 

CP MNO MNO ok 

enable the 
needed 

cooperation 
between MNOs 

for indoor 

Need to 
develop a new 

type of 
partnership 

Comprehensive 
solution 

CP CP 

MNO 
very limited, 

only with 
small CP 

reduce OPEX 
and CAPEX for 

MNOs 

MNO lose 
network 
control 

MVNO limited 
new source of 
connectivity 

MNOs' 
pressure 

Premise limited tailored solution 
rely on a small 

player 

Comprehensive 
solution + Small 

cells as a 
service 

CP 
MNO and 

CP(LSA)/CP 
MNO possible 

Cost efficiently 
protection 

against overload 

MNO lose 
network 
control 

Classic MNO MNO 

MNO 
Principal 

ecosystem 
No change 

needed 

Require much 
investment 
from MNOs 

MVNO 

Premise 

CP: Connectivity Provider (NEM, MSP, MVNO) 

In addition to the risks associated with the TVWS and LSA development such as the regulators’ 

positions on the balancing between white spaces and refarming, or the incumbents’ willingness to 

share their spectrums, the MNOs’ views on the new ecosystems will dramatically influence the 

strategy development. So far, two options are possible. The first one: MNOs value the fact that others 

invest in the network and take advantage of their investments by buying connectivity from them and 

thus saving CAPEX for more critical projects. Reversely, they see this upstart as a threat to their core 

business and more importantly, MNOs might be afraid of losing control of the network, which could 

lead to an increase of the wholesale price. This is likely to happen if a connectivity provider has 

bargaining power (either because providing connectivity is a limited activity for it or because the 

connectivity that it sells is crucial for the MNO). Consequently, MNOs will only let small players 

develop connectivity provider strategy and keep their activities to a minimum. Thus, the new 

ecosystem (with a connectivity provider different from MNO) will develop around small connectivity 

provider and this ecosystem will remain a limited part of the market still dominated by the classic 

ecosystem.     

6.2 FUTURE WORK 

Based on the outcome of this thesis, some subjects may be a way forward. Below is a list a non-

exhaustive list of them. 
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• It might be valuable to determining the regulators’ intention in the balancing between 

authorizing second access and encouraging refarming. For instance, interviews of regulators’ 

managers might be a way to process. 

• Investing more carefully the development of the different standards for TVWS should enable 

to determine if there will be a convergence of these standards, which will foster investment 

and bring economies of scale. 

• Establishing what kind of aspects LSA agreements will specify could be insightful. For that, 

interviews of incumbents, regulators, and telecom players might be conducted. 

• One of the most challenging questions is to determine MNOs’ positions towards the 

development of new ecosystems where they do not control the connectivity production. The 

answer to this question has many ramifications.    

• This work has been led at a macro level without any geographical limitations. It might be 

valuable to try and determine what might be the difference among several markets, especially 

between developed and emerging market.    
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7. APPENDIX 

7.1 STUDY CASES FOR TVWS 

7.1.1 RURAL CONNECTIVITY – CLICK4INTERNET 

Click4Internet is a local Internet Service Provider (ISP) who offers internet through TVWS in a 

rural area. This company claim to provide a QoS better than the bad xDSL in the island or the satellite 

connectivity. Indeed, it states that their TVWS technology can reach 30Mbps in downlink and 10Mbps 

in uplink.  

Uses: Rural connectivity 

Actors: 

 

FIGURE 11 - CLICK4INTERNET ECOSYSTEM 

Value for end-user: the company claims to provide a QoS better than the bad xDSL in the island 

or the satellite connectivity for an affordable price. Thus, Click4Internet offer a package of 

40GB/20Mbps/5Mbps/20ms (data/downlink/uplink/latency) for £49 or 40GB/30Mbps/10Mbps/20ms 

for £78.[22] 

7.1.2 SMART GRID MANAGEMENT 

Spectrum Bridge, a specialized NEM, provides TVWS connectivity to PSREC, a local utility 

supplier in a remote area, the Sierra Nevada Mountain. This connectivity enables the electrical 

company to remotely control the grid. [49] 

 

FIGURE 12 - SMART GRID MANAGEMENT ECOSYSTEM 
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Value for the client: The electrical company can remotely monitor the grid which reduces the 

time to action and the crew transit, which will save money. 

7.1.3 RURAL CONNECTIVITY THROUGH UTILITY COMPANY 

As we have seen in the previous study case, Spectrum Bridge provides connectivity to an 

electrical company. The idea is to use the extra capacity and the network already deployed to furnish 

internet connection to those living in this remote area. The utility company is in charge of the 

customer relationship. For both companies, this constitutes an interesting economy of scale, the 

network is already there and the electrical company already bills its clients. [49] 

 

FIGURE 13 - RURAL CONNECTIVITY THROUGH UTILITY COMPANY 

Value for end-users: They obtain internet connectivity in a remote area. 

7.1.4 LOCATED BASED SERVICE - DUXFORD MUSEUM 

In the Duxford museum, a bunch of aircraft is exposed and like in any other museum information 

is displayed to inform the public on the exhibit characteristic and history. The idea is to replace all 

these signs by a mobile app. The most challenging part is to locate the user. NSN uses TVWS 

technologies to locate the user inside the building and then providing them with appropriate 

information. Unfortunately, a mobile can be located within 5 meters, whereas reach a one to three 

meter precision. [50] 
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FIGURE 14 - LOCATED BASED SERVICE AT DUXFORD MUSEUM 

7.1.5 HOSPITAL CASE 

Spectrum Bridge, a specialized NEM, provides wireless connectivity through TVWS inside a 

hospital. It is unclear how the end-user devices can connect to the wireless network since few to none 

commercialized devices are TV white spaces compatible. 

 

7.1.6 SUPER WI-FI 

During the Cambridge trial, a partnership between BT, Microsoft and NSN provide urban hot spot 

connectivity.[51] 
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Value for the end-users: the range is better than Wi-Fi up to 10km, connectivity even deep in-

building and a 16Mbps data rate. [51] 

7.2 WORKSHOP MATERIAL 

The workshops lasted 4 hours and were divided like this: 

 General presentation on TVWS and LSA (regulatory frameworks, technical issues, uses…) 

 Brainstorming on possible settings and strategies for several players 

 Presentation of different strategies or settings issued from the author’s work or previous 

workshop. 

Brainstorming: four team (A,B,C,D) 

 First round: team A thinks of the possibility for a NEM or a MSP to offer a 

comprehensive solution and also of the potential business for a MNO with TVWS and 

LSA. To see what the other teams do, please refer to the table below. 

 Second round: team A, which acts as NEM/MSP with a comprehensive solution setting, 

tries to convince team B, which acts as a MNO, to buy its solution. To see what the other 

teams do, please refer to the table below. 

 Third round: team B, which acts as NEM/MSP with an equipment/service provider 

setting, tries to convince team A, which acts as a MNO, to buy its solution. To see what 

the other teams do, please refer to the table below.    

TABLE 4 - WORKSHOP BRAINSTORMING 

 
NEM/MSP Operators 

Teams 
Comprehensive 

solution 

Equipment/Service 
provider 

MNO New players 

A X 
 

X 
 

B 
 

X X 
 

C X 
  

X 

D 
 

X 
 

X 
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8. ABBREVIATIONS  

  

B to B Business to Business 

B to C Business to Customer 

Capex Capital Expenditure 

CR Customer Relation 

FCC Federal Communication Commission 

ISP Internet Service Provider 

ITU International Telecommunication Union 

LSA Licensed shared Access 

MNO Mobile Network Operator 

MSP Managed Service Provider 

MVNO Mobile Virtual Network Operator 

NEM Network Equipment Manufacturer 

OPEX Operational Expenditure 

O&M Operation & Maintenance 

PMSE Programme Making and Special Events 

QoS Quality of Service 

TVWS TV white spaces 
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