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Abstract 
Ericsson is developing a new technology for accurate indoor positioning, named the HIP-

solution. The HIP-solution is a joint product with areas of use in both the public safety market for 

emergency positioning and as a commercial platform for location based services. The driving 

force behind the development of Ericsson's HIP solution is E911, a legal requirement imposed in 

the U.S. where operators are required to position an emergency call within a radius of 50-300 

meter, depending on available positioning technology. 

Location Based Services (LBS) are the other important market for the HIP-solution where the 

technology can be used to offer customized services for mobile users based on their location, 

such as guidance to the nearest banking cash machine, or whereabouts of friends or family.    

This master thesis is conducted at Ericsson, with the purpose of evaluate the HIP-solutions U.S 

market potential. The theoretical framework used in this paper is the Real Option Pricing Theory, 

with emphasis on the Expand Option. The theory provides a context for evaluating the HIP-

solutions market potential based not only on its physical characteristics, but also of on future 

expand options and how well Ericsson manages to capture the cloud of externalities the HIP-

solution as a joint product.  
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1. Introduction 
This introduction gives the reader a basic understanding of the problem area, the purpose and 

the focus of the report. The introduction concludes with a definition of key terms and concepts 

used in the report. 

1.1  Background 

There is a growing demand for more accurate positioning technologies in the modern society. 

The need to determine the geographical position of an object or a person has increased. 

Positioning technology was primarily used in the military as an instrument for navigation, and 

improving the precision of military missals. It was also in cooperation with the U.S military that 

the most deployed and widely used technology for positioning GPS (Global Positioning 

Standard) was developed. The technology that originally has been designed for military use has 

in recent years been widely adopted in other areas, such as navigation for private use, monitoring 

of vehicles, etc. A contributing Swedish innovation related to the GPS system is Håkan Lantz 

communication method STDMA (Self-organizing Time Division Multiple Access). It uses 

satellite navigation to improve traffic safety by sharing positioning information with others to tell 

them where you are. The system has been introduced as international standard in both air and 

water borne traffic, and has great economic importance as it enables a denser flow of traffic. 

Today there are a plethora of techniques for positioning, but their limitation is that they are best 

suited for outdoor environments. For example, GPS positioning is not possible for indoor use as 

the satellite must have a clear view to the GPS receiver to perform positioning. In an indoor 

environment the signals are absorbed by thick walls, witch at best result in a large margin of 

error, and at worse make the positioning unfeasible.  

 

We spend most of our time indoors and that's why it is desirable that we can perform positioning 

in an indoor environment as well. Indoor positioning is a relatively new and unexplored area with 

great potential for development both regarding products and applications. A great business 

opportunity exists and many players are developing positioning techniques that will make this 

possible. Ericsson’s HIP (High Precision In-Building Positioning) is a product developed and 

designed to meet these needs. With communication between a mobile phone and a Beacon, that is 

a radio transmitter, it is possible to determine the position of a mobile phone with good accuracy.  

The driving force behind the development of Ericsson's HIP solution is E911, a legal requirement 

imposed in the U.S. where operators for an emergency call are required to position the mobile 

phone within a radius of 50-300 meters, depending on available technology for positioning. To 

accurately position a mobile phone in an emergency is an essential condition for rapid and 

effective help for the distressed. Emergency positioning is a functionality that can be directly life-

saving. Therefore, technical development in this area is particularly important. 

 

Commercial applications are another important area of use for indoor positioning. Being able to 

accurately determine the position of a mobile phone user indoors opens up for a market that is 

currently experiencing rapid growth, Location Based Services (LBS). LBS take advantage of the 

physical location of mobile users and provide them with services based on their positioning data.  

Possible services offered within LBS are: directly targeted advertisements and special offers, real 

time traffic information, family finder etc. In the strong existing competition among operators are 

LBS a way to differentiate them and stand out. The possibilities are almost endless and great 

business opportunities exist. What is missing today is a technology that enables highly accurate 

indoor positioning. Ericsson’s HIP-product is a solution for these problems. 



 6 

1.2 Field of research 

Developing a technology for indoor positioning opens doors for the many possibilities and areas 

of use for the product. When developing a new technology Ericsson faces a strategic decision 

regarding how to introduce the innovation under the most favorable conditions to capture the full 

commercial value of the technology. Commercialization of an innovation is associated with risks 

and different degrees of market uncertainty. The research field of innovation distinguishes 

between radical and incremental innovations. According to Joseph Schumpeter's definition, a 

radical innovation is significantly different from previous solutions. Furthermore radical 

innovations often create fundamental changes in activities and behavior patterns within an 

industry. Radical innovation is associated with high risks and market uncertainty. An important 

aspect to consider is if the market is ready for a new breakthrough innovation? An incremental 

innovation on the other hand implies a minor change in today’s praxis, and includes a further 

development or improvement of existing technologies or products. For an incremental innovation 

the changes are minor and products are offered in a mature market with better knowledge and 

smaller uncertainty (Ettlie, Bridges, O´Keefe, 1986). Apple's development of iPhone is a modern 

example of a radical innovation in the telecommunication industry. With its innovative graphic 

design and interface iPhone has in a short time revolutionized the mobile phone market and has 

had tremendous success at the cost of traditional mobile vendors like Nokia and Sony Ericsson. 

Apple has successfully managed to build its strong brand image witch gives added value for its 

entire product portfolio and surrounds the products with a cloud of externalities. Despite the stiff 

competition from Apple its success also means an upswing for Ericsson in the form of licensing 

of patent exchange. Given Apples relatively new-entrant position in the mobile market it has a 

limited patent portfolio and is hence dependent on competitors patents in order to develop 

products (Elmgren, 2011) 
 

It is debated what market structure  best creates an environment where innovation will flourish. 

In Schumpeter’s earlier research (1911) he argued that small companies are in a better position to 

be innovative because of their flexibility in the innovation process, while large companies are 

locked in their behavior and can be caught in a bureaucratic structure. In his later publication 

(1942) Schumpeter radically changed his point of view and argued that large companies that 

possess some degree of monopoly power, and thus have more resources, have an advantage over 

small businesses. No matter what circumstances an innovation is preceded by, it imposes pressure 

on companies to realize those under risk and uncertain market conditions. In order to facilitate a 

manager’s decision-making it is important that there is room for operational and strategic 

flexibility throughout the innovation process: from initial product development, finance, and 

demand evaluation. There may emerge circumstances that require management intervention in 

form of decisions that affect the original project plan. The possibility to expand a project when 

expectations are exceeded, postpone a project when uncertainty is high, or shut down a project, 

are options that add value to the project as a whole. This flexibility to revise decisions during the 

innovation process can be compared to a series of options, where companies have the possibility, 

but are not obligated to change their behavior based on new market conditions. This is the 

essence of the Real Option Pricing Theory, an economic theory where the product value is 

determined not only by its physical attributes but also by the flexibility and options that are built 

in into the product. An open investment strategy, where the option to expand, postpone or 

abandon a project is more valuable than a fixed strategy, where for example the possibility to 

abandon an investment, despite a negative forecast, is not possible (Trigeorgis, 1996) 
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Ericsson’s HIP-solution is an example of what economists refer to as a joint product, a product 

with an elementary function surrounded by a cloud of externality (Eliasson, 2010). The 

elementary product is primarily developed to support operators in the U.S in their effort to satisfy 

the regulatory requirements for emergency positioning and in this respect a public safety product.  

The U.S is the primary market for the public safety product, has through its FCC (Federal 

Communications Commission), great interest in developing and implementing a technology that 

enables high accuracy of mobile positioning in an indoor environment. The other side of the 

product is to use indoor positioning for a commercial purpose. Here we enter the market for 

location based services (LBS), where positioning technology is a tool used to identify and isolate 

potential customers and offer customized services based on mobile user's location. Given the fact 

that the HIP-solution is a joint-product it is important to consider both sides when evaluating the 

product’s potential. The operators' decision to invest in a positioning technology has value 

beyond the legal requirements for E911. Investing in accurate positioning technology will open 

new revenue sources in the form of LBS. 

With a 40% market share Ericsson is the global leader in mobile positioning. Ericsson’s Mobile 

Positioning System platform consists mainly of various techniques for outdoor positioning. 

Complementing the portfolio and offering the HIP solution as an optional feature within the MPS 

will strengthen Ericsson's position as the leading provider of positioning solutions (Ericsson, 

2011). 

1.3 Problem definition 

 

Real Options is the generic term for various opportunities associated with 

modifying a project/product. This thesis will focus on the option value 

arising from the Expand option i.e. the value of the unrealized product 

potential. When a project/product turns out to be profitable, it is in 

management's interest to accelerate future follow-on investments and 

thereby expand the project/product in desired directions. To invest in this 

potential is to buy an Expand option and means to have the ability to 

access new growth opportunities in the future that would otherwise not be 

available.  

1.4 Purpose of the study 

 

The purpose of this master thesis is to evaluate the market potential in the 

U.S for Ericsson’s High Precision In-Building Solutions in accordance 

with the real option pricing theory. This master thesis is a case study of 

implementing the HIP-solution for E911 and LBS purposes in shopping 

malls in the U.S. As a joint product with elementary use in the public 

safety market, the HIP-solution’s Expand option is from using the 

technology for location based services. 
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1.5 Focus and delimitation  

 

Ericsson’s HIP-solution is a complex product with many different areas of 

use. This thesis will focus on evaluating the HIP-solutions market potential 

for implementing the technology for E911 and LBS in shopping malls in 

U.S.  Buildings with complex indoor environment such as airports, fairs, 

arenas etc. are all potential buildings that would benefit from implementing 

the HIP-solution. In my thesis the shopping malls have been chosen 

because of the great commercial potential for indoor positioning and 

location based services. Emergency positioning is subject to legislation in 

many countries across the world. There is a wide variation in how these 

legal requirements appear in different countries as well as the required 

accuracy for emergency positioning. The U.S emergency positioning 

legislation is the most well known legislation in the world imposing strict 

and well defined requirements. This thesis will focus on the U.S 

emergency positioning legislation. The indoor positioning is a relatively 

new market segment where many products are in a development phase. 

The market is characterized by high uncertainty in the innovation process. 

The current market situation is such that I can assume a first mover 

advantage for Ericsson in this market evaluation. Thus I have not taken 

into account possible competitors for Ericsson’s HIP-solutions. A 

sensitivity analysis which takes into account existing and future 

competitors for the HIP-solution would improve the HIP-solution’s market 

evaluation. However, this would require a market evaluation beyond the 

scope for a master thesis.         

1.6 Definition of key terms and concepts 

 

HIP   High Precision In-building Positioning. Ericsson’s innovation for accurate  

   indoor positioning.  

 

E911    The U.S legislation for mobile emergency positioning. Operators are 

required to fulfill specific positioning accuracy based on available 

positioning technology.  

 

LBS Location Based Services. Customized services offered to the mobile user 

based on their location. 

 

LBA Location Based Advertising. Location specific advertising in mobile 

device based on the mobile user’s location. 

 

GSM   Global System for Mobile communication. A second generation mobile 

standard for communication. The dominant global standard for 2G.   

 

CDMA  Code Division Multiple Access. An alternative 2G mobile communicatio 

   standard. Not the same global spread as GSM but an important technology 

   in U.S. 
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GPS Global Positioning System. The most well know and widely deployed 

handset based positioning technology. 

 

U-TDOA A network based positioning technology. Uses triangulation in the network 

to determine the position. 

 

MPS Mobile Positioning System. Ericsson’s platform for positioning consisting 

of various positioning methods.  

2. Theoretical framework 
This chapter develops the theoretical framework that will be used in the report to evaluate the 

HIP-solutions market potential. Real Option Pricing Theory, Innovative Pricing, Collective 

Goods and Services, Knowledge spillover and Net Present Value are the economic concepts used 

in the report. 

2.1 Real Option Pricing Theory 

Option theory derives from financial economics where it is used as a model for pricing of 

financial instruments, a business area where flexibility is extremely important. The essence of the 

theory is that an option is an investment that gives the holder an opportunity to realize a future 

transaction at a specified price, called exercise price at a specified expiration date. Since it is a 

right and not an obligation the option holder will only utilize the option when it is favorable. This 

flexibility is captured in the option premium and gives the holder the possibility to use the option 

as well as limit the loss to the premium value. The theory provides flexibility for the holder to 

follow market development and take decision based on future value of the underlying asset. A 

call option holder chooses to exercise the warrant if the value of the underlying asset at the 

expiration date is greater than the exercise price. Under these circumstances, the holder makes a 

profit on the difference. If the strike price instead is greater than the value of the underlying asset 

the holder of the option will choose not to use the option and thereby loses only the premium 

value. Similarly, a holder of a put option will choose to utilize the option right if the exercise 

price on the expiration date is greater then the value of the underlying asset (Brealey, Myers, 

Allen,2006). ( Fig 1 and Fig 2)  

    
 Fig 1. Call Option      Fig 2. Put Option 

If price of the underlying asset is greater then the     For a put option, the holder makes    

exercise price at expiration date, the call option holder profit if the exercising price is higher 

makes a profit represented by the red line   then price of the underlying asset.  

   

Price underlying asset 

Call Option 

P/L 

strike 

Profit 

Price underlying asset 

 

Put Option 

strike 

P/L 

Profit 
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Similarly to the stock option on financial instruments the real option gives flexibility for 

companies in their decision making and enables them to respond to market changes and thereby 

exploit future opportunities. The strength of the real option valuation is that it recognizes the 

value of flexibility in an innovation process and provides a context to optimize future investment 

strategies. With a market in constant change characterized by competition and uncertainty the 

ability to be flexible in decision making is important for success and survival. Investments are 

dynamic, and market changes during the investment period. The flexibility in an innovation 

process is especially important for products/projects that are surrounded by high uncertainty, such 

as the market introduction of a radical innovation, where the market potential is highly uncertain. 

The higher uncertainty the more valuable is the option to change behavior based on new 

information. In this report the focus will be on the Expand option (Trigeorgis, 1996). 

2.2 Expand Option  

When a project/product turns out to be profitable, it is in management's interest to accelerate the 

future follow-on investments and thereby expand the project in a desired direction. The value of a 

project/product is determined not only on its physical attributes, but also by what potential there 

is for further development and further investment. This potential is named Expand option and is 

the ability to take on new growth opportunities in the future (Trigeorgis, 1996). The telecom 

industry is currently undergoing a significant market change, where focus is shifting from 

traditional hardware sales of network equipment to offering more service oriented solutions 

(Andersson, Meurling, 2001). An example of a future expand option for the HIP-solution is to 

offer management services related to the product. By externally managing the maintenance of the 

platform and developing location based services for operators Ericsson retains control over the 

product and gets the opportunity to build a valuable position database that can also be used in 

other segments such as Multimedia and Location Based Advertising. Offering value added 

services related to the product in the form of management service adds new dimensions to the 

product and increases the overall value.  

2.3 Knowledge spillover 

In an innovation process of new technologies it is instructive to compare the expand option with 

knowledge spillovers, i.e. how the development of a new technology generates positive 

externalities for other firms at no additional investment. Eliasson uses the term "Cloud of 

technology" to explain this phenomenon (Eliasson, 2010). When a new technology is developed 

it often has a value that goes beyond its original purpose. This "cloud of technology" gives rise to 

new products and innovations and is freely available for other companies to the extent that they 

can capture the cloud. The concept of externalities has been around for a long time in economic 

theories. It was already used by Marshall (1919) under the term positive externalities. The 

economic literature shows on very large positive differences between social and private rate of 

return for industries that are spillover intensive. Private investments in R&D create positive 

economic value for the society as whole and have a positive contribution to growth. Both Nadir 

(1993) and Jonas & Williams (1998) argue that this difference is synonymous to an 

underinvestment in industrial R&D. According to Jonas & Williams, the underinvestment is large 

in advanced industrial nations such as the USA where the optimal R&D level is 2-4 times larger 

then the current level (Eliasson, 2010).    
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There are similarities between the expand option and knowledge spillovers. The common 

dominator is that both have a positive effect that increases the overall value of the product. An 

expand option is a planned strategy designed around the product, providing managers with an 

explicit opportunity for further investments. An expand option is a controlled form of investment 

opportunities. Positive spillover, on the contrary, are unplanned opportunities arising from the 

innovation process. These unplanned opportunities are embodied in the cloud of externalities. 

Depending on the company’s ability to capture this cloud they will result in either internal or 

external spillovers. The GPS is a good example of a technology development with great 

externality value and knowledge spillovers. The GPS was originally a positioning technology for 

military use and is today a position technology widely used in more commercial applications. 

Property rights are an issue concerning spillovers. While the individual company accounts for the 

investment cost, the benefits of the innovation and spillovers are captured by the whole society.  

It is in the companies' interests to capture as much as possible of these profits, both from the 

actual product and the positive externalities the product generates. The spillover effect or a 

positive externality can be compared to an expand option that is realized by external companies. 

Its value, however, being dependent on the abilities of the external companies to commercialize 

the externality (Eliasson, 2010) 

 

2.4 Collective goods and services 

Public good is an economic term that refers to a commodity that is nonrival and non-excludable.   

Nonrivalry means that the consumption by one economic agent does not reduce its availability 

for others, and non-excludability that no one can be excluded from using the commodity 

(Gravelle, Rees, 2004). The standard textbook example that illustrates the characteristics of a 

public good is the Lighthouse, due to the properties that the lighthouse service used by one ship 

does not limit other ships from receiving the same service and no ship can be excluded. 

Lighthouse service is a zero marginal cost service, which means that an additional ship’s use of 

the service does not impose any cost for the lighthouse owner (Coase, 1974). A public good will 

not be produced in a free market economy because of the difficulty of making them chargeable. If 
you cannot charge for the public service there will be no incentives to start production and no market 

place will be spontaneously created. Hence you need some form of collective body, such as Government 

to get production started. Some economists think that the provision of public goods is the main task of 

Government.  However, by using innovative pricing as a strategic tool the pricing problem 

associated with a public good may be overcome. On Mill’s lighthouse example from 1848 Coase 

(1974) shows, more then a century later, how innovative pricing can be used by introducing a 

new parameter to the product and hence defining an endogenous base for pricing. Lighthouse 

service was made chargeable by literally introducing private agents that prevented ships from 

leaving the harbor until the fee was paid. By modifying the product and introducing a base for 

pricing it is possible to make the lighthouse service chargeable and hence successfully provided 

by private enterprises (Coase, 1974).  
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2.5 Innovative Pricing 

Innovative Pricing is a term first introduced 2001 by Andreas Jonason in his doctoral dissertation 

named Innovative Pricing. In his dissertation Jonason extends Schumpeter’s traditional definition 

of an innovation to include pricing as a basis for innovation. By deviating from the traditional 

pricing models and applying innovative pricing strategies it is possible to differentiate the product 

and add an extra dimension to the product characteristics. Innovative pricing is primarily suited 

for complex products that are difficult to define and thus difficult to price within traditional 

models. Products multidimensional characteristics create opportunities for companies to obtain 

certain monopolistic power when the product comparison becomes complicated. Pricing thus 

becomes a strategic tool used by companies to maximize profits (Jonason, 2001). The 

consumable and substandard models are two examples of innovative pricing strategies used in 

high-tech industries. In the substandard model the companies initially offer a scaled down and 

slower version of the product at a significantly reduced price, knowing that consumers will need 

to upgrade to the fully version at some point. By tying the consumers in an early stage with a 

low-cost product consumers will later, on, as their needs increase, be willing to make the costly 

upgrade. With offering a base product at a reduced price the companies are in good position to 

exploit the expand options in the future by offering more advanced products. The consumable 

model refers to products that have a consumable portion to it. The consumable portion can be 

sold on an as needed base or as a subscription, for example giving away a cellphone for free or at 

a reduce cost and charging for the subscription (The Boston Consulting Group, 2006). Telecom 

industry is currently undergoing a generational change to 4G, a new network standard that will 

enable faster data-transfer rate. The technology behind 4G is completely separated and based on 

another standard then GSM and CDMA-technology. By using the substandard strategy and 

primary offering a base product supporting GSM network Ericsson has a possibility with a 

feature upgrade to even support 4G. This is an expand option to modify the HIP-solution so that 

it even supports 4G.   

 

All these theories come together usefully when I now turn to the practical analysis of Ericsson’s 

safety product. The HIP-solution as earlier stated is ”a joint product” with its primary use in the 

public safety market and emergency positioning. Under these circumstances the product can be 

classified as a public safety product and hence a collective good. The HIP-solution is exclusive in 

the sense that it is only accessible to the specific carriers' subscribers, but is non-rival due to the 

fact that the positioning of a user does not prevent others from being positioned under the 

realistic assumption that capacity is not exceeded. Public safety and defense are services that are 

traditionally provided by the government. To motivate the carriers to invest in public safety 

technology its development is partly funded in the U.S. by federal taxes. For each of the carrier’s 

subscribers, the carrier obtains a tax relief, the sum represents a buffer that carriers must use to 

meet the requirements for emergency positioning (Hansson, 2011). However, it is important to 

remember that the HIP as a joint product also is a commercial product in the context of location 

based services. The commercial value is well defined and provides carriers with an opportunity to 

leverage the investment costs in the network infrastructure. The HIP product is hence highly 

tradable with an explicit ownership contract for the carriers that implement the solution. By 

locking customers into the HIP-solution is an initially low price, they will later on find it 

profitable to continue with the more advanced version, that is more profitable for Ericsson. 

We are now ready to quantify the HIP evaluation by using present value calculation, a model  

developed in the next coming section.    
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2.6 Net Present Valuation  

The Net Present Value is the standard model used in capital budgeting. It is static and does not 

take into account the management’s flexibility to adapt future behavior as a response to 

unexpected market development. In traditional NPV the initial investment generates pre defined 

cash flows discounted to today's monetary value. The model assumes a passive management with 

limited leeway to manage the operational flexibility in addition to ad hoc adjustments of the 

discount rate. The model's accuracy is thus highly dependent on the choice of the discount rate. A 

high discount rate indicates a heighten risk and uncertainty about future returns, whereas a low 

discount rate indicates safe return. With the discount rate parameter the model considers the 

specific project risk and overall time value of money. The discount rate consists of the risk-free 

rate, reflecting the time value of money plus a risk premium equal to the additional interest rate 

an investor requires compensating the risk in future returns. The model discounts future cash 

flows to today’s present value. The sum of cash flows is compared against the initial investment, 

a positive difference between present values and investment cost implies a positive NPV and the 

project should be accepted. A negative NPV means in the same way that the project should be 

rejected. Below is the summarized Net Present Value formula (Brealey, Myers, Allen) 

 

 

 
     

  

    Fig 3. NPV formula 

Option-based strategic NPV is an extension of the traditional NPV, but has the important 

characteristic that it considers the real option value. In addition to calculating the present value of 

the initial investment with the forecasted cash flows, this model also calculates the NPV of the 

option value that results in new opportunities. 

Expanded NPV* = Standard NPV of expected CF + Option premium (value of operating and  

          strategic options from active management and interaction effects of  

          competition, synergy and interproject dependence)( Trigeorgis, 1996)  

The flexibility that the Option-based strategic NPV model captures by using new market 

information in decision making introduces an asymmetry in the normal distribution of NPV. The 

input of new information adds value through the ability to better exploit the future market 

potential (Trigeorgis, 1996). 

3. Market background 
This chapter gives a market background of the underlying factors that have great impact on the 

HIP-solutions market potential. The subjects that will be discussed below are as follow: 

Technical differences in the network, mobile operators in the U.S., the law on emergency 

positioning, MPS platform for positioning and Location Based Services 
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3.1 Technical differences: GSM & CDMA, open versus close system 

GSM and CDMA are two network standards used in second generation mobile system. Besides 

their differences in technology, where GSM is a time-based communication channel and CDMA 

is code-based, do these even differ from a market perspective. The first commercial launch of 2G 

network was made on the GSM standard in Europe in 1991. Since its market introduction GSM 

rapidly has grown to become the dominant global standard for second generation mobile system 

and today covers 80% of the global market (GSMworld, 2009). The GSM’s global success can be 

ascribed to several key factors, such as: first mover advantage, standardization, economies of 

scale and global roaming. Especially the requirement for international roaming has had an 

important impact on the standardization of the GSM network. It is based on an open platform and 

enables easy interaction in the system (Altinkemer, Yilmaz 2008). 

In parallel with the GSM, U.S. developed an own standard for mobile systems and 

communications based on CDMA technology. Code Division Multiple Access is a technology 

developed by Qualcomm. As the inventor behind the technology Qualcomm has a central role in 

the development and use of CDMA-based technology. With an aggressive patent and licensing 

strategy Qualcomm has managed to build significant entry barriers in the CDMA market, and has 

retained a strong grip on the market. Almost 2/3 of Qualcomm's profit is derived from licensing 

agreements (Qualcomm, 2011). The closed market system has resulted in that the CDMA 

technology has not the same global spread as GSM. It is mainly concentrated in the domestic 

United States and Asia. The CDMA network today covers 13% of the global market (GSM 

world, 2009). 

 
 

Fig 4. CDMA Subscribers Percent Total by Region (CDMA Development Group, 2011) 

Asia Pacific and North America are the two dominant markets for CDMA-technology.  

3.2 The mobile operator market in U.S 

During the last 10 years is the consistently trend among operators characterized by increased 

market concentration, either through acquisitions or strategic alliances among operators. In the 

operators' effort to become national carrier has the market over the past decade witnessed several 

mergers, acquisitions, licensing, and network sharing. With a 304.5 millions population and a 

mobile penetration reaching saturation level is organic market growth, in terms of new 

subscribers next to nonexistent. The way for the carriers to strengthen their market position and 

expand their customer base is primarily through acquisition of competitors.  
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The U.S. mobile market is highly concentrated, where the four major national operators Verizon 

Wireless, AT & T, Sprint Nextel and T-mobile have a combined market share of 86% (Baker, 

2010). From a customers perspective these operators offer similar services, where services are 

close substitute. In a market where products/services are closed substitutes is differentiation, the 

way for operators to differentiate themselves very important. In addition to price wars the 

operators are forced to find new alternative revenue sources. For many operators are strategies, 

marketing and customer retention just as important as the network technology. Offering value 

added services to subscribers in the form of Location Based Services is a way for the operators to 

differentiate themselves and build stronger personal bands to their subscribers. 

 

Mobile major operator market share

Verizon Wireless

AT&T Mobility

Sprint Nextel

T-Mobile USA

Övrigt

 
Fig 5. The 4 largest operators have a combined 

          marketshare of 86%. 

3.3 Major mobile operators in the U.S 

Verizon Wireless 

With 104 million subscribers and a market share of 31% is Verizon Wireless the leading operator 

in the United States. Verizon Wireless is one of the two major nationwide operators that use 

CDMA technology in its network.  

 

AT&T 

AT & T is the second largest mobile operator in the U.S and has a customer base of 97.5 million 

subscribers. The network technology used in AT & T's network is GSM-based. AT & T is 

currently undergoing a merger process acquiring the fourth largest operator T-mobile. If the 

merger is realized it will create a monopoly market for GSM technology. 

 

Sprint Nextel Corporation 

Sprint Nextel was formed in 2005 as a merger between Sprint Corporation and Nextel 

Communications and adopted the new common name Sprint Nextel. Today is Sprint Nextel the 

third largest operator with a customer base of 51 million subscribers. Sprint Nextel uses two 

separated technologies in its networks, CDMA and iDEN. Mobile services provided under the 

Sprint brand use the CDMA-technology, while services provided under Nextel and Boost Mobile 

prepaid is through the iDEN network. Integrated Digital Enhanced Network (iDEN) is a 

networking technology developed by Motorola. 
 

T-Mobile USA 

T-mobile is the fourth largest nationwide operator and has a customer base of 34 million 

subscribers. Other then AT&T, is T-mobile the nationwide operator with a GSM-network (Baker, 

2010). 
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3.4 Mobile Positioning System (MPS) 
Mobile Positioning System is the name of Ericsson's platform for positioning, including 

applications, that based on the geographical location of mobile users provides them with 

information and services. With a market share of 40% and 110 commercial deployments is 

Ericsson’s MPS the most widely used platform for mobile positioning and reaches 800 million 

users. This, combined with Ericsson's leading role as a supplier of GSM Core Network opens up 

for the possibility to offer value added location based services. The platform consists mainly of 

different positioning methods for outdoor positioning with varying degree of accuracy. 

The two positioning technologies offered today within the MPS portfolio that have sufficient high 

precision accuracy to meet the requirements for emergency call positioning are A-GPS and             

U-TDOA (Ericsson, 2011). 

 

Assisted GPS, A-GPS 

A-GPS is a terminal based solution for positioning where the positioning measurement is done in 

the handset. For A-GPS positioning to be feasible it requires that the handset has in-built GPS 

receiver that can support the feature.  The advantage of Assistant GPS over regular GPS is that 

the lead time from initialized positioning to the actual positioning (Time To First Fix) is 

shortened from minutes to seconds. How quickly a position can be determent is especially 

important for emergency positioning. A-GPS is a very effective and accurate position method 

that is best suited for rural areas where it has an accuracy of 5 meters. With signal interference in 

urban areas the method is less accurate and location can be determent within 30 meters. A-GPS 

has the disadvantage that it is not feasible in an indoor environment due to that the signals can not 

penetrate.  

 

Uplink- Time Difference of Arrival, U-TDOA 

U-TDOA is a network-based technology that uses triangulation between radio base stations to 

determine the positioning. By measuring the time it takes for signals to travel from the mobile 

terminal to the Location Measurement Units, which are sensitive receptors built into the radio 

base stations, the position can be determined. U-TDOA uses time information from a number of 

LMU's, thus improving the accuracy to 50 meters. The primary advantage of U-TDOA is its 

ability to position the mobile user in an indoor and dense urban environment, where GPS 

performance is limited (Ericsson, 2011). 

3.5 Emergency call positioning 

The single most important factor in an emergency is how quickly help can reach the distressed.  

According to "The Golden Hour of accident medicine" chances of surviving a serious injury 

reduces from 26% to 5% within the first hour. Today the PSAP operators often have to rely on 

asking the distressed of it location. In an emergency situation it is not always the distressed can 

share this information. With the right positioning technology one can eliminate the human factor 

and with greater accuracy and precision locate the call. Emergency positioning is subject for 

legislation in many countries around the world. There is a wide variation in how these legal 

requirements appear in different countries as well as the precise positioning accuracy that must be 

met. However, there is a clear trend toward more stringent requirements covering even an indoor 

environment.    
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3.5.1 E911-USA 

The E911 legislation is probably the most well known legislation for emergency positioning 

worldwide. The most important feature of E911, which distinguishes it from its predecessor the 

basic 911, is the ability to identify the phone number and provide a location to the PSAP (Public 

Safety Answering Point, facilities equipped and staffed to handle emergency calls scattered on a 

geographic area across the country) Unlike emergency calls received from fixed landline, where 

the phone is connected to a physical location and position easily can be determined is a mobile 

phone just mobile and the caller can be located in a large geographical area and even move 

between different areas during the call. The major challenge in the E911 legislation is to position 

a mobile emergency call that is in movement and unlike landline does not have a fixed location 

(FCC, 2003). 

 

There are two different types of positioning solutions, network-based solution and terminal-based 

(mobile phone based). In network-based solutions the positioning calculations and measurements 

are perform in the network by measuring the signal strength from the mobile phone to radio base 

stations. By measuring the distance to three radio base stations a fairly accurate positioning can 

be performed.
1
 The advantage of network-based positioning solutions is that once the network 

infrastructure is implemented and the technology is put to use, there is a 100% market penetration 

that enables all handsets to be positioned. In terminal-based positioning solutions the 

measurements and calculations are performed in the handset or SIM-card. A built-in GPS 

receiver in the mobile phone is an example of terminal based positioning. This type of solution 

requires a higher intelligence of the mobile device, and means in practice that users must have 

this function in their handset for positioning to be feasible. Market penetration will increase 

gradually as more customers upgrade their mobile phones to support the technology. Given the 

different characteristics of network-based and terminal-based solution the Federal 

Communication Commission (FCC) has prescribed specific requirements for each type of 

solution. For network based positioning the operators are required to locate 67% of emergency 

calls within 100 meter and 95% within 300 meter. For terminal based positioning the 

requirements are more stringent where 67% of emergency calls must be positioned within 50 

meter and 95% within 150 meters (Hatfield, 2002) 

3.5.2 The current status of E911 

U.S. has been a pioneer in the legal stage to initiate proceedings and impose regulation on mobile 

positioning, however, operators’ actual implementation of the requirements has not had the same 

success. Operators are currently granted with an 8 year implementation period expiring 2019 

after which they must meet the emergency positioning requirement or loose their license (FCC, 

2011). During the period of this master thesis has FCC stringent the requirements even further 

and network based positioning solutions such as U-TDOA will not be allowed after the deadline 

2019. The HIP is a local form of network-based positioning, however it is not affected by this 

legislation. Positioning in the HIP-solution is based on own independent network infrastructure 

and does not rely on triangulation of radio base stations. On the contrary, this is to a strong 

advantage for the HIP-solutions market potential in the U.S because operators with existing 

network-solutions must implement new alternative solutions for mobile positioning. 

 

                                                 
1
 Positioning accuracy will depend on the radio base stations network layout.  
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U-TDOA and A-GPS is the two positioning methods used by the major operators to comply with 

the E-911. The GSM operators AT&T and T-mobile rely on the network-based method             

U-TDOA. The big drawback with U-TDOA is that the technology is expensive in its use. Due to 

its high cost of ownership is the technology exclusively used for emergency positioning and not 

for commercial LBS. The CDMA operators Verizon and Sprint Nextel rely primarily on A-GPS 

for emergency positioning. However, with the smartphones penetration in the mobile market and 

the fact that more and more cell phones support the GPS function, this technology has also spread 

to the GSM operators as a complement to the main U-TDOA. A-GPS is a more cost-effective 

technique and is used for both emergency and LBS positioning (ABIresearch 2010).  

3.6 Location Based Services (LBS) 

Location Based Services is the generic term for mobile services related to the user's geographical 

location. The market arose originally as a spillover from the technological development in 

different positioning methods and is in reaching a mass market potential. These easy accessible 

services enable a more personalized mobile user experience and provide the user with 

information and services based on there location. The LBS market consists today of a plethora of 

services offered by both operators and off-deck vendors with Apple and Google in the lead. 

Positioning methods mainly used for LBS are terminal-based GPS and network-based 

triangulation. Given the fact that more and more cell phones have built-in GPS receiver and 

supports GPS positioning is the commercial LBS market undergoing a market change, where 

focus is shifting from operators to off-deck vendors. Operator independent LBS are rapidly 

increasing from a market share of 15% in 2008 to forecasted 27% by 2014 (ABIresearch, 2010). 

With the positioning taking place in the handset and not the network are off-deck vendors such as 

Apple bypassing the operators and offering LBS services to their customers through an open 

platform. Commercial positioning services offered by off-deck vendors are mainly navigation, 

location-based social networking and check-ins. Despite the market trend towards off-deck LBS 

operators retain a firm grip on LBS services related to the safety aspect, such as emergency 

positioning, frontier surveillance, tracking of criminals etc. In the government's struggle to 

protect the national security are operators an important strategic partner and despite of 

competition from off-deck vendor the only trusted partner. An example of popular commercial 

LBS offered by operators is Family Finder. It is a service that alludes on the safety aspect 

allowing parents to monitor the location of their children and alert if children deviate from 

predefined zones. It is an application that provides peace of mind for family members.   

The LBS market is in a strong growth period and is expected to generate $13 billion in revenues 

in 2013. The single most important market segment within LBS accounting 60% of the overall 

market revenue is Location Based Advertising (LBA). With a 100% market penetration is the 

mobile phone a powerful tool for advertising (ABIresearch, 2010). This combined with the 

possibility to locate the mobile user in real time gives opportunity for businesses to better target 

their ads to the right audience. The LBS market is reaching mass-market potential. However the 

market is still relatively young and many mobile users are unfamiliar with the different services 

available and how to access them. A recent study performed by Compete shows some very 

interesting results regarding the location based advertising segment. 
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The chart below shows distribution of location based services by usage type, currently use (dark 

blue bars) and how many would use the application if they had more information (light blue 

bars). As seen in the chart, services such as local alerts and Special offers have a currently low 

usage rate. However the light blue bar indicates that many users are interested in these services 

and would use them more if they had more information.   

 

Fig 6.  Location based services such as Local alerts and Special offer have a relatively low   

current usage rate illustrated by the dark blue bars. However with better information, more 

would use this kind of services illustrated by the light blue bars (Read Write Web).  

3.6.1 LBS example, Gate Guru APP 

Gate Guru is a travel application covering 120 major airports across U.S, Canada, Europe and 

Asia. The application uses indoor mapping to navigate and guide travelers and enhance their 

travel experience by offering location based services. The Gate Guru is offered by an off-deck 

vendor and is available for free download on Appstore and Andrew market. Location based 

advertising is incorporated in the application, providing retailers with a powerful tool to target 

travelers and their needs (Gateguru, 2011). 

 

GATEGURU FEATURES: 

- Comprehensive and accurate listing of airport amenities 

- View flight details 

- Add or view airport security wait times 

- Clean and uncluttered airport maps 

- Access to real-time ratings, reviews, tips and photos on airports, terminals and amenities 

- Quickly sort amenities by rating or name 

- Simple search engine  
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Screen shots of the Gate Guru App 

 

                                                 
 

Fig 7.       Fig 8. 

Location based advertising with special offers Indoor mapping for navigation and guidence  

for the travelers.     in the airport. 

 

 

 

                                             
 

Fig 9.       Fig 10. 
The app gives an estimated wait time for  Users of the application have to actively  

different gates and check ins.     submit their estimated wait time.  
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The Gate Guru has some very interesting features, however the technology behind it is limited. 

Ericsson’s HIP-solution with the integrated positioning technology could perform all of these 

services in a more satisfying way. Navigation can be facilitated by mapping users’ location on the 

map and actively guiding them to destination. Further can the HIP-technology be used for 

calculation estimated wait time and eliminate users dependence. In addition, the HIP-solution is a 

joint product with use in both public safety market and LBS. Airports are a zone where security is 

extremely important. There is a great potential for both public safety and to expand the 

positioning technology for LBS purposes. 

4 Empirical Findings and Analysis 
The following section starts with a description of the innovation, HIP-solutions, where the basic 

characteristics of the product are described. This is followed by an analysis of pricing strategies 

of positioning platforms in general and the HIP-solution in particular. Break-even analyses, a 

case of implementing HIP-solution in a shopping mall, a Net Present Valuation from volume 

sales of the Beacon hardware and Expand Value from LBS defines the empirical part of the 

master thesis. 

4.1 The Innovation:  High Precision In-building Positioning (HIP) 

The technology behind Ericsson's future solution for indoor positioning is based on the technique 

that each beacon (transmitter) sends out a unique BSIC-number that identifies the beacon. By 

building up a network infrastructure and comparing the signal strength from nearby beacons the 

position of a cell phone can be determent in longitude, latitude and altitude. The ability to 

position a cell phone in three dimensions, and not only two-dimensions is extremely important 

for indoor positioning due to the buildings structure. For an emergency call received from a 

shopping center or a skyscraper, the rescue time can be shortened significantly if positioning can 

be determined in three dimensions. The HIP-solution is meant to serve as a complement to 

Ericsson's MPS platform and offered as a feature within the platform. By offering the HIP-

solution as a feature of the already well-established platform for positioning, operators have the 

opportunity to customize their solutions and improve indoor positioning where they find it 

necessary. The HIP-solution is not meant to be a direct solution for the E911, but a complement 

to improve positioning of critical buildings when more accurate positioning is desired. 

  

Another characteristic for the product is that it is volume-dependent. To maintain a network 

infrastructure that enables highly accurate positioning it requires that beacons are dimensioned 

with a close distance. Positioning accuracy is directly dependent on the network infrastructure 

and the distance between surrounding beacons. In simplified calculations, a 30 meter distance 

between two beacons will result in class 1 accuracy where positioning can be determined within 2 

meters. A 60 meter distance gives class 2 accuracy with precision within 10 meters, and finally 

90 meter gives class 3 positioning and can meet the regulatory requirements on emergency 

positioning (Ericsson, 2011). 

 

Reflecting back to the theory framework, the HIP-solution as a joint product is surrounded by a 

significant cloud of externalities as well as future potential expands options. These options will 

be further discussed in the final analysis section. As an elementary product Ericsson’s HIP-

solution will be developed to be compatible with GSM technology. The HIP-solution is a local 

network based technology for positioning. Once the technology has been implemented it will be 
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feasible for all terminals that support the GSM mobile standard. Given these limitations, two out 

of four national operators in the U.S. are potential customers for Ericsson’s HIP-solution:  

AT & T and T-mobile. Together these two GSM carriers have a combined market share of 39% 

(Lawrence Baker, 2010), which is also the penetration power for the HIP-solution. Furthermore, 

an additional requirement is that these operators have a positioning platform to manage the 

positioning data. Ericsson is the worldwide market leader of positioning platforms and has a large 

customer’s base. AT & T and T-mobile have both Ericsson as their leading provider of 

positioning platforms,  which means that the integration of HIP-solutions in the MPS platform 

will be smooth and not entail significant additional costs for operators (Ericsson, 2011). The 

elementary GSM beacon also support a future expand option for the next generation mobile 

system, a LTE beacon. This expand option and product upgrade gives the opportunity for 

Ericsson to increase its market coverage and penetration power for the HIP-solution.   

4.2 Innovative Pricing within MPS 

Ericsson’s MPS platform has a modular design. It consists of separate units which can be 

combined to form a desirable platform based on the need for functionality and accuracy. In 

addition to the elementary features the platform offers a wide range of optional services. The 

built-in flexibility in the platform design provides carriers with a possibility to customize their 

own positioning solutions. In its simplest form, the MPS platform supports only Cell ID, which 

gives accuracy equal to the cell area. By investing in a more complex positioning platform with a 

wide range of positioning methods, operators are in a good position to exploit the true potential of 

the LBS market. The price of an MPS platform is in the range 2-40 million SEK depending on 

what positioning methods it supports and the operator's existing network infrastructure. 

 

The dominant pricing model for the positioning platforms has traditionally been volume-based, 

pricing being determined by the capacity of the platform. The two most widely used models are 

Transaction Per Second (TPS) and Kilo Subscriber (KSUB). TPS is a model where licensing of 

the platform is based on how many transactions per second the platform generates. TPS is a 

license cost that regardless of the number of subscribers gives the right to manage up to X 

positions per second. The price per transaction varies and depends on the size of the operator's 

customer base and the predetermined capacity. Price is determined by negotiation between the 

operator and the supplier, and is usually in the range between 2-4 cents USD  /positioning. This 

price is the same regardless of what purpose positioning is used for, whether emergency 

positioning or commercial LBS. In Ericsson MPS platform TPS model is used for commercial 

LBS. KSUB-Kilo Subscriber is an alternative volume-based model that focuses on the number of 

subscribers and not how many positionings the platform generates. It is based on a cost per 1,000 

subscribers and does not take into account number of positioning. Within Ericsson MPS platform 

this model is used for emergency positioning. Pricing in KSUB varies depending on the 

platform's complexity, which positioning methods it supports and is negotiated between the 

operator and supplier. For example, the monthly fee for a subscriber subscription for A-GPS 

positioning is in the intervals between 0.65-0-90 Cents USD depending on the network 

infrastructure (ABIresearch). 

4.3 Pricing strategy for the HIP-solution 

When pricing public safety commodities one needs to consider the special circumstances that 

surround this type of market. The requirements imposed by FCC on operators’ mean that they 

must invest in positioning technology or loose their license. At the same time operators receive 
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financial support from government through taxes to partly cover investment costs for emergency 

positioning. The U.S government’s dual function in this matter, imposing a legal requirement and 

providing financial support, creates the optimal environment for innovation and actual 

implementation of different positioning technologies. Monetary support provides an incentive for 

operators to invest in more advanced technology. Only the legal requirements would significantly 

reduce the operators' desire to achieve better positioning than the minimum requirements. This is 

a problem that exists in Europe (Hansson, 2011). The operators are forced to provide emergency 

positioning without governmental financial support, which of course reduces operator’s ambition 

to invest in technology beyond what is absolutely necessary.  

 

A characteristic of public safety products is that they are purchased in a market where the 

customer has more influence on the product then a traditional sale of off shelf-products. The 

customer is often involved in the development process and contributes to improve the quality of 

the final product. This is particularly common when products are complex and multidimensional. 

These product qualities are characteristic of the telecom industry and the HIP- solution. A sale of 

these products occurs in close collaboration with the customer that is active throughout the 

development process (Eliasson, 2010, 55ff). Trials, Set up, test run under different scenarios are 

just some of the services that Ericsson needs to offer before any contract from the operator is 

sealed .The time frame of 8 year, expiring in 2019, is another important factor to consider when 

developing a strategy for the HIP-solution. In the technology context 8 years is a very long time 

during when much can happen, new and better products can be developed. Carriers may have a 

wait and see approach before committing to a positioning technology in an early stage. Another 

distinctive characteristic of the public safety market is that while large vendors such as Ericsson 

have to take the lead and also have the resource and advantage to do so, public safety market is 

rarely a monopoly market with a single dominant player. This has several explanations. Players 

in the market will drive product development and foster innovation. Moreover, there is a danger 

in creating a market situation where the entire market depends on a specific technology. In 

addition there are economic-political reasons that forces FCC to open up the market for multiple 

players. These specified circumstances that surround the public safety market in general and the 

HIP solution in particular need to be considered when valuating the market potential for the HIP 

solution. 

 

The Beacon hardware is a well-defined and homogeneous product, where product performance 

and product properties are known in advance. The product provides carriers with explicit 

ownership and is only accessible for the specific carrier’s subscribers. The cost of production is 

also known. Under these circumstances traditional pricing models can be applied to determine the 

price. The public safety market is not as price sensitive as traditional sales of “off-shelf products” 

where prices are depressed and strictly determined by supply and demand conditions. For public 

safety products there is more leeway to apply a higher profit margin. For a volume product a low 

unit cost may maximize sales volume and hence profit. HIP is also a complementary product to 

the MPS platform and some system integration is needed in different nodes. This represents a 

one-time cost for the operators to integrate the HIP-solution in the MPS platform. However it is 

important to note that this income is marginal compared to the sales volume of beacon hardware. 

Furthermore, there is a high operational expenditure for the operators to sett up the HIP-solution 

network. For this purpose, Ericsson applies a variable pricing model, based on the number of 

hours the network set up takes.  

 



 24 

By investing in the HIP-solution infrastructure the technology will pave the wave for a more 

widespread use of LBS services and provide carriers with an opportunity to explore the true 

potential of the LBS market. It is therefore rational to set the initial price sufficient low for the 

customers to allow themselves to be locked into the HIP-infrastructure. The higher accuracy 

made possible by the HIP-solution will also increase the data traffic and the number of 

positioning for carriers. The revenue for this value-added positioning will be captured in the 

licensing fee of the MPS platform, an innovative pricing model, the volume based TPS.  

4.4 Break Even Analysis 

The break even analyze is a strategic tool used by managers to gain a first insight into the 

profitability of the product/project. It answers the question, what is the minimum level of sales 

needed to make zero loss on the project/product. Break even analysis is especially important for 

firms facing a new product introduction because the model predicts the profit sensibility and 

provides managers with valuable information about sales volume. The model analysis the break 

even point (B.E.P) where revenue of total sales are equal to total expenses, at which point the 

project/product makes zero loss. Both variable and fixed costs are taken into account. Variable 

costs are volume based and changes as production output changes; fixed costs are sunk costs and 

not related to production volume (Brealey, Myers, Allen, 2004). In the break even analysis for the 

HIP-solution I only consider R&D investment as a fixed cost. The model will therefore provide 

an estimate over the sales volume that is necessary to regain the investment cost. As mentioned 

earlier, the HIP-solution is a volume based product and it is therefore essential that the unit price 

per device be low in order to maximize volume and hence profit. The initial R&D investment 

represent a fixed cost, FC, furthermore the product is also associated with a variable cost, VC. 

The ratio between the retail price, P, and the variable cost is 2:1, resulting in a 100 % marginal 

profit for each unit. Given these assumptions the sales volume has to be X units in order for the 

HIP-solution to break even and regain the investment cost. Further sales volume beyond this 

point will represent a profit, and lower sales a loss.   

 

B.E.P = FC/( P-VC)  X units 

Break-Even Point Graph HIP

Unit Sales

Price

Total sales 

Total Cost

Fixed Cost

   
 Fig 11. The B.E.P occurs at a sales volume of X beacons. 

   Further sales volume beyond this point represent a profit, and lower sales a loss. 
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A full scale profitability analysis of the HIP-project is a very large multitask that would take me 

far beyond a master thesis. And it is neither necessary to make the pricing evaluation explicit, 

nor necessary in a preliminary assessment of the HIP-project. I therefore carry out following 

quantitative analysis for a fairly common application and then discuss how representative the 

application is to the whole market. Because of a large amount of Ericsson confidential 

information does this academic version of the thesis not include any absolute values.   

4.5 Business Case-Shopping mall X 

Airports, shopping malls, skyscrapers, office complexes are all examples of buildings with a 

complex indoor environment that would benefit from implementing a system for indoor 

positioning. A common denominator for these critical buildings is the large number of people, 

and that safety is a priority. In the U.S. there are 25 major airports and approximately 50 000 

shopping malls (StateMaster, 2005). Especially shopping malls provide a very good example of 

how the HIP-solution could bring value in two ways, increasing the safety of visitors as well as a 

platform to offer LBS. The following section is a case study over how the HIP-solution can be 

implemented in a shopping mall for E911 and LBS purposes. The size of the representative 

shopping mall is 55 000 m2 spread over two floors. It accommodates 240 stores and has 108 000 

weakly visitors. 

 

The HIP-solution is a volume-dependent product, which implies that in order to achieve accurate 

indoor positioning it requires a dense network of beacons. Depending on the desired positioning 

accuracy beacons should be dimensioned within a 30-90 meter distance. If the purpose is only to 

meet the minimum legal requirement for E911, class 3 accuracy is sufficient. The commercial 

applications require a denser network infrastructure and beacons should be implemented with 

class 1 in order to best equip the operators to explore the LBS market. Ericsson’s business case is 

primarily from building up a network infrastructure in critical buildings. The main income is 

hence from sales of each unit device of the beacon hardware. The additional revenue stream that 

depends upon the volume is the service support Ericsson needs to provide associated with the 

actual roll out and set up of the network.  

 

Ericsson’s operating profit function for the HIP-solution is: 

 

 

 

The quantity is the dependent variable in the function and its size is a critical factor that directly 

affects the potential for LBS. In the early stage of the HIP-solutions life cycle the price, P, is 

fixed. However, economies of scale need to be considered when offering a volume product. With 

a higher production volume the average cost per device will fall and lead to a larger flexibility in 

price. Furthermore, the variable cost, VC, is proportional to the volume. The first part of the 

equation describes the profit from volume sales of beacon hardware. Due to the complexity of the 

product, Ericsson also needs to offer a service supporting operators in their implementation of the 

network. This service cost is charged on the base of number of hours the implementation takes, 

assuming that 5 beacon per hour can be set up at an hourly wage rate, w. This additional revenue 

stream is an internal externality captured by the local engineers providing the service.  
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Minimum requirements E911 

If the main purpose of implementing the HIP-network is to improve the safety for the visitors and 

meet the legal requirement on emergency positioning it is sufficient with class 3 accuracy and a 

volume of 20 beacons. The operational profit function gives following: 

 

 

The volume sales from beacon represent the primarily revenue source. The additional revenue 

stream from installing the network strengthens Ericsson’s overall business but is a form of 

internal externality. For the operator the HIP-solution is a relative small investment with a 

CAPEX for the volume sales and an OPEX for the service support.  

 

Location Based Services 

For the operators to best utilize the LBS market and offer their subscribers’ customized services, 

beacons should be implemented with class 1 accuracy. For this purpose a volume of 100 beacons 

is needed, yielding following profit function. (Fig 12).  

 

 

 

Ericsson’s profit if operators choose to implement the HIP-solution not only for E911 but also as 

a positioning platform for LBS, will significantly increase. With a higher volume needed to 

optimally utilize the positioning data for commercial use the operators CAPEX and OPEX will 

also increase. 20 hours are needed to set up 100 

beacons.

 

Fig 12.  The above picture illustrates how HIP-solution can be implemented in a shopping mall 

to provide mainly class 1 precision. To cover an area of 55 000 m
2
 a volume of 100 beacons is 

needed.  
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4.6 Investment calculation HIP-Beacon HW 

Initially, the primarily business case for Ericsson regarding HIP-solutions is volume sales and 

mass production of the Beacon HW. LBS and applications such as My Shopping Mall Phone 

Finder
2
 are a form of internal externality and will lead to a higher overall usage of the MPS 

platform. These value added dimensions of the product will be captured in the volume based 

licensing fee of the entire MPS platform. To calculate the HIP-solutions market potential in the 

U.S I will now calculate the Net Present Value from volume sales of Beacon Hardware under two 

different scenarios: 1. Implementing the HIP-solution for E911. 2. Implementing a HIP 

network that optimally supports the LBS. The dependent quantity variable is the base for 

calculations and also determines the application area. There are approximately 50,000 shopping 

malls in the U.S. with varying sizes as well as indoor environments. Following calculations are 

based on the simplification and assumption that the shopping mall X in section 4.5 is 

representative of the group. In the initial phase of the HIP market introduction that is estimated to 

be during 2013 it is likely that the carriers’ will remain cautious as the product needs to prove its 

capability. As the LBS market is evolving and reaching mass market potential operators’ 

willingness to invest in the technology will increase. During the first year that the product 

becomes generally available in the market it is safe to assume that the solution will be 

implemented in 100-200 buildings. Over the following years until the deadline of FCC law 

requirement in 2019 this number will grow rapidly estimating to cover 20% of Ericsson existing 

customer base by the end of the period. Within this time frame, I assume the following 

implementation rate of the HIP-solution (Table 1). The NPV calculations are based on each 

year’s medium value. Medium value is chosen to get a more accurate probability distribution. 

 

Assumptions: 
Number of shopping 
malls Medium value 

   

Year 1 100-200 150 

Year 2 200-400 300 

Year 3 500-1000 750 

Year 4 1000-2000 1500 

Year 5 2000-3000 2500 

Year 6 3000-5000 4000 

Total sum:                   9200 

 

   Table 1. Implementation rate in shopping malls 

   The estimated total sum of shopping malls with implemented 
                                            HIP-solution is 9200 Malls, corresponding to 18.5% of all shopping malls. 
 

Indoor positioning is an emerging market where the market conditions yet have not been firmly 

established. The market is unsaturated with low entry barriers. However the complexities of the 

products such as the HIP-solution create a basis for differentiation and enable development of 

different positioning solutions and products. Ericsson as a market leader can benefit from this 

market situation thanks to its global dominance. In my valuation of the HIP-solution I assume a 

market where competition is limited because of the product complexity and differentiation 

possibilities.   

                                                 
2
 A hypothetical application developed to calculate the HIP-solutions commercial value in the LBS market.  
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4.6.1 NPV minimum requirement E911 

The NPV formula is used to calculate the value of the product over a 6 year period.  

 

 
 

 

In the calculations I only consider the incoming cash flow from volume sales of beacon and not 

the additional service revenue from installing the network. This demarcation is made on the 

ground that even if the service will bring surplus revenue to Ericsson as whole, the additional 

revenue stream goes to the service providers and not directly to the HIP-solution. Providing class 

3 accuracy that is sufficient for emergency positioning requires a volume of 20 beacons.  

The incoming cash flow is thus calculated as follow: Incoming Cash flows = 20*P*Number of 

shopping mall. A similar function is used to calculate the operational costs: 

Outgoing cash flows =20*C*Number of shopping malls. Sum of these cash flows is discounted at 

a 5% risk adjusted discount rate over a 6 year period in order to calculate the Present Values. 

From the calculations we can deduce that the total NPV for the period is clearly positive, and 

exceeds the cost of investment. During the first three years NPV starts out negative but at a later 

stage of the HIP-solutions lifecycle, when the technology has a greater breakthrough, will see a 

higher growth in the NPV. NPV turns positive between the period year 3 and 4. This is also in 

line with the break-even analysis. Given the assumed implementation rate, break-even point will 

incur between periods three and four. 

4.6.2 NPV of implementing the HIP as a platform for LBS 

Implementing the HIP-solution as a platform for positioning increases significantly the NPV of 

the product. For the operators to be in the best position to exploit the true value of LBS beacons 

should be implemented with class 1 accuracy, requiring a quantity of 100 beacons/shopping mall. 

With an increased quantity the NPV turns positive at an earlier stage, by the ending of period 

two. The total NPV for the period between years 2013-2019 is 6 times higher then if the product 

is implemented solely for emergency positioning. The value of the expand option is defined as 

the additional value that exceeds the NPV from implementing the HIP-only to fulfill the 

minimum requirement, i.e. the difference between the E911 NPV and the LBS NPV.  

4.7 Expand option (1): Pricing the LBS market, the case of an Operator and Ericsson 

In the previous section I concentrated on calculating the NPV of implementing a network 

infrastructure that creates the platform needed to exploit the full potential of the LBS market. 

This section goes one step further and shows the expand option value from the actual use of LBS 

both for the operator and for Ericsson.  

 

The value from the commercial applications for the HIP-solution is harder to estimate. The higher 

accuracy made possible by implementing a dense HIP-network will increase both the range of 

LBS services available as well as how often they are used. Given the off-deck vendors progress 

in the commercial LBS market, with Apple in the lead, offering a wide range of commercial LBS 

services through their Appstore, either free of charge or for a symbolic amount, carriers should 

concentrate on offering commercial LBS focusing on safety services. In this market segment 

operators are still the most trusted partners (ABIresearch, 2010). Family finder is a popular 
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application that is launched by several carriers worldwide. It’s an application that provides safety 

and peace of mind for family members by sharing there position data. Commercial safety services 

within LBS have traditionally been most successful for operators, and studies show that 

customers have a pronounced willingness to pay for these services. Positioning methods used 

today for this kind off applications are primarily A-GPS positioning when the terminal supports 

this technology and network based triangulating. Pricing models for the family finder varies 

among operators; some operators apply a flat fee rate: for 9.99 USD per month subscribers get 

access to an unlimited number of positionings. Another pricing model is the fee per request, for 

each positioning the subscriber is charged 18 cent US (ABIresearch 2010). The hypothetical My 

Shopping Mall Phone Finder App targeting shopping malls will be used to demonstrate the 

commercial potential of implementing the HIP-solution. With the HIP- solution high positioning 

accuracy it locates a terminal within 2 meter and provides accurate navigation in an indoor 

environment. By integrating the Phone Finder HIP-solution can be used to map friends and 

family positions in the mall. Today’s technology has limitations regarding accuracy and can only 

position you in the shopping mall, but not where.  

 

Potential features of the My Shopping Mall Phone Finder App 

 Integrated navigation and guiding in the mall 

 Listing of stores 

 Phone Finder, positioning requests 

 Location Based Advertising, special offers 

4.7.1 An operator business case 

With the pending merger between AT&T and T-mobile I assume a market structure with GSM-

monopoly corresponding to 39% of the total market. This is also the penetration rate for potential 

users of the HIP-solution. Commercial applications like My Shopping Mall Phone Finder are 

primarily targeted for the subscribers owning a smartphone, due to smartphones graphical 

interface and the platform ability to utilize the positioning information.  The current penetration 

of smartphones in U.S is 37% and growing (Smartonline, 2011). The annual number of visitors 

per shopping mall is 5.184.000
3
. These premises are summarized in table 4.   

 

 

 

 

 

 

 

  

 

 

                      Table 4.     
 

 

 

                                                 
3
 Based on information from the representative shopping mall X in section 4.2 and calculated as follow: weekly  

visitors, 108.000*4*12= 5.184.000 

Premises:  

% of GSM enabled terminals 39% 

% of smartphones U.S 37% 

Visitors/mall/year 5 184 000 

"GSM Smartphone visitors" per year/Mall 748051 



 30 

The operator can apply innovative pricing in the form of the consumable model to capture the full 

commercial value of My Shopping Mall Phone Finder App. Positioning requests for the Phone 

Finder function is the consumable part of the application. Operators can initially offer a scaled 

down application for free download that includes free basic functions such as navigation, specific 

mall information, special offers etc. The free application should also include a limited number of 

free Phone Finder positioning requests. This innovative pricing strategy is designed in order to 

introduce and attract subscribers to be frequent users of the Phone Finder function. Once the 

subscribers are introduced and comfortable with the application the operators can apply a variable 

fee for the consumable part of the application. Based on the consumable model I have developed 

a hypothetical operator case from introducing My Shopping Mall Phone Finder App that is 

summarized in table 5. 

 

Year Nr. Malls 
Free App-
downloads 

Nr. Request Phone 
finder 

1 150 100 000 2 400 000 

2 300 200000 4 800 000 

3 750 400000 9 600 000  

4 1500 800000 19 200 000 

5 2500 1600000 38 400 000 

6 4000 3200000 76 800 000 

    

  6 300 000 151 200 000  

 

Table 5. 

An operator business case, offering the hypothetical My Shopping Mall Phone  

finder App. 

 

The annual shopping mall implementation rate is taken from the previous NPV example and 

calculated accordingly. Discounted Operator’s Cost is the total cost from implementing class 1 

accuracy calculated in section 4.2 multiplied with number of shopping malls for each year. 

Safety applications such as Family Finder have traditionally a high fee per request. Operators 

charge 18 cent USD (1 SEK) per positioning. In my calculations I have assumed a lower price 

per positioning request. The lower price is selected to increase the positioning volume and also 

because it needs to offer a cost advantage over traditional voice traffic, i.e. to locate someone 

must be less expensive then making a call and ask where they are. The estimation of app 

downloads is based on actual distribution of similar applications available on the market today. I 

assume linear growth with the number of shopping malls. The free application includes 4 free 

positioning requests, making the subscriber acquainted with the application. After that these free 

“try on” positioning have been consumed I assume an average of 2 request per month per user 

yielding the additional positioning request in table 5.
4
 For the HIP-solutions commercial 

applications I assumed a slightly higher discount rate of 7%. This example is based on the 

assumption that the operator only provides 1 location based service. In a shopping mall there is a 

large variety of potential LBS services and this figure can easily be multiplied. Both the operator 

                                                 
4
 The additional request Phone Finder colume is calculated as follow: number of downloads *2*12. For year one 

additional request are 2 400 000 req. 
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and Ericsson can strengthen their business case by incorporating location based advertising with 

the local shopping mall retailers offering special offers to the mall visitors.  

4.7.2 Ericsson Case 

For Ericsson’s business case regarding location based services the expand value will be captured 

through the license fee of the MPS platform and TPS pricing model. For every Phone Finder 

positioning request Ericsson can charge a one time fee. From the previous example we have 151 

200 000 positioning request that the operators charge their users for. In addition to these requests 

the free application also provides 4 free positioning per user, which gives a total of 176 400 000
5
 

positioning requests for Phone finder. The value of the positioning requests is a expand option for 

Ericsson.  

4.8 Expand option (2) LTE-beacon  

Ericsson’s strategic decision to develop the beacon to be compatible with the GSM-mobile 

standard has its limitations. The telecom industry is in the middle of a generational transition to 

the feature LTE network that can support the large volumes of data traffic today’s mobile 

communication entails. Operators are aggressively upgrading their network to the next generation 

mobile system. LTE is a new technology that is completely independent of previous mobile 

standards. An upgrade to the LTE network implies abandonment of the GSM technology. In the 

early stage of the breakthrough in LTE technology it will have a GSM fallback, i.e. when 4G 

coverage is not feasible the terminal falls back on using the GSM standard. The major advantage 

of a GSM beacon is that it is built on a stable and proven platform. System integration in the 

network and different nodes is minimal, which significantly shortens the development process 

and the investment costs. These advantages of a GSM beacon allow for a rapid market 

introduction. However, as GSM technology is phased out and the operators move on to LTE, an 

upgrade to a LTE-beacon becomes necessary (Ericsson, 2011).  

 

The HIP is a local network-based solution for positioning and an upgrade of the hardware to 

support LTE requires interference in each and every beacon. Preparing for a future upgrade by a 

modular design of the beacons will lower later investment costs. The operators’ ability to 

leverage the system infrastructure costs through LBS will increase with an LTE-beacon upgrade. 

Once the LTE technology has been widely deployed it will be the dominated mobile system used 

by the majority of U.S operators, and the LTE based HIP-solution will have a higher penetration 

power compared to GSM. An LTE-beacon opens up the market for new operators, an expand 

option that will further increase the sales volume.  With a LTE-beacon as a expand option, 

Ericsson has the potential to develop a product for a wider market. 

 

 

 

 

 

 

                                                 
5
 (Sum of downloads *4) + number of additional requests:  (6 300 000 *4)+ 151 200 000 = 176 400 000 

Positioning requests. 
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5. Summarize and Conclusions 
This finale chapter is summarized in terms of Barriers and Drivers for the HIP-solution and 

finale conclusions.   

5.1 Barriers 

 Free off-deck LBS 

In the LBS market off-deck vendors such as Apple are aggressively increasing their 

market share offering affordable and free location based services. Third-party LBS 

providers are bypassing carriers with handset-based positioning solutions. Carriers have to 

compete under hard market conditions. 

 

 High operational expenditures and maintenance costs 

The HIP-solution network is volume dependent and consists of a large volume of 

beacons.  As a volume product it draws large operational service costs from installing and 

maintaining the network. The high operational costs will have a negative effect on 

carriers’ willingness to buy a future LTE-beacon upgrade.  

 

 GSM-beacon 
A barrier for the HIP-solution is that it is based on an old mobile technology, GSM. U.S 

carriers are aggressively upgrading their network infrastructure to the next generation 4G. 

However, the LTE mobile standard will initially have a GSM fallback, which extends the 

phase-out period of the GSM-network.  

 

 Difficulty of commercializing an innovation that falls outside the core business 

In accordance with traditional economic theory and Net Present Valuation an investment 

opportunity should be realized if the sum of the NPV is positive. In large global 

companies such as Ericsson the investments opportunities with a positive NPV are many 

and an internal competition among different projects exists. Due to resource constraints 

every positive NPV project can not be realized. Ericsson invests daily 90 MSEK in R&D. 

Core network infrastructure and feature 4G platform are business areas with the highest 

R&D granting( Nyteknik, 2011). Commercializing an innovation that falls outside the 

core business area is harder to motivate and push thru. Indoor positioning and HIP-

solution is an area far from core network infrastructure.  

 

 2 year payback period 

Ericsson applies an internal 2 year payback period. This is the period under which the 

initial investment cost must be recovered. In capital budgeting the payback period has its 

limitation as it ignores any benefit that occurs after the payback period. The 2-year 

payback period is an internal barrier for the HIP-solution. The market penetration of the 

HIP-solution will initially start out low but increases over time as we are approaching the 

FCC implementation deadline. According to the NPV analysis the payback period will 

incur between year 3-4 if the HIP only is implemented for E911 and in the beginning of 

year 2 for LBS. The payback model fails to capture the true value of the product and good 

opportunity investments can be foregone with this valuation model. 
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5.2 Drivers 

 E911 legislation and U.S governmental monetary support 

U.S operators are in a position where they must invest in accurate positioning technology. 

The monetary governmental support provides an incentive for operators to invest in a 

positioning technology not only for E911 but also for LBS.  The E911 legislation is a very 

important driver for the LBS market. 

 

 A competitive advantage for the MPS platform 

Integrating the HIP-solution as an optional feature within Ericsson’s MPS platform gives 

a competitive advantage and increases the value for the entire platform. The MPS 

platform is flexible and has a modular design enabling easy system interaction for the 

HIP-solution.  

 

 HIP-solution is a joint product 
The HIP-solution has two different areas of use, a public safety product for emergency 

positioning and a commercial platform offering location based services. Given it’s 

characteristics as a joint product the HIP solutions brings added value in two different 

ways.   

 

 HIP-solution’s great expand value 
An important driver for the HIP-solution is its great expand value in terms of location 

based services and location based advertising. These market segments are predicted to be 

important future revenue sources for operators and have great market potential. 

 

 HIP-solutions great externality value 
The HIP-solution is a product surrounded by a significant cloud of externality. Depending 

on Ericsson’s ability to capture and manage this cloud the externality can be either 

internal or externally captured by outsiders. Multimedia is a branch within Ericsson that 

can utilize this cloud of externality, by developing and offering LBS with integrated 

advertising.  

 

 Low R&D investment 
The total R&D investment cost for the HIP-solution is a modest investment measured in 

Ericsson standard.   
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5.3 Conclusions 

 

The aim of this master thesis has been to derive a strategic business decision for Ericsson’s HIP-

solution in accordance with the Real Option Pricing Theory. The decision is about how to design 

and offer the HIP-product to mobile operators in the U.S and capture the full economic value of 

the product and its cloud of externalities.  

 

Every innovation is associated with some degree of risk. Ericsson faces a strategic decision how 

to promote the HIP as a business case internally within Ericsson. The HIP business case can be 

presented to Ericsson’s management either as a stand alone business opportunity or as a risk. If 

Ericsson misses the HIP opportunity it may incur losses on its other product lines in the form of 

lost sales. Given the HIP-solutions characteristics as a joint product it has two different areas of 

use: 

 

1. The HIP as a stand alone product for emergency positioning. 

2. The HIP as a positioning platform for Location Based Services. 

 

In my thesis I have shown that the HIP-solution is profitable as a stand alone product, but to 

small a project to fit into Ericsson’s product line and will therefore be offered as a feature within 

the Ericsson mobile positioning platform. This thesis also shows that even if the HIP-solution is 

profitable as a stand alone product for emergency positioning, its main economic value is derived 

from the expand option of Location Based Services, a market with enormous potential. The 

cautious quantitative case with the shopping malls shows that it will be highly risky for Ericsson 

not to be ready with a sophisticated LBS expand option for the operators if the LBS market 

explodes.  
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6. Suggestions for further study 
In my evaluation of the HIP-solutions market potential I concentrated on implementing the HIP-

solution for E911 and LBS purposes in shopping malls in the U.S. However the HIP-solutions 

market potential is not restricted to neither shopping malls nor the U.S market. Every building 

with a complex indoor environment is a potential market for the HIP-solution. Especially large 

airports have an interesting indoor environment where the HIP-solution can bring value in two 

ways, increase the safety and offering LBS. A suggestion for further study is to evaluate the HIP-

solutions market potential for airports. Location Based Advertising is a market segment only 

briefly covered in this rapport. This market segment is interesting to research more in detail for 

further studies, by developing a strategy for how Ericsson can capture this important cloud of 

externality.   
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