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Abstract 
This master thesis analyses different factors that affect the process of charging and pricing 
for services and applications in UMTS networks. The report contains a study of future mar-
ket players within the area of mobile communication and a discussion of enabling network 
technologies. It investigates what services seem to be the most interesting in a UMTS con-
text, the way customer demand is predicted as well as mobile traffic and QoS related to the 
provisioning of the services/applications. Moreover, there is a description of a possible fu-
ture charging framework and a brief review of the UMTS business case. 
 
Today, network owners are the most profitable actors within the business of mobile com-
munication. However, the role of content providers is believed to become more prominent 
for UMTS. This is supported by empirical studies of the Japanese market and the fact that 
content generates a more attractive margin than ordinary voice, which in turn is a vital argu-
ment when it comes to regaining costs for the infrastructure investments. 
 
The usage of services and applications must be charged for in order to balance demand and 
supply of the scarce UMTS radio spectrum. The increased requirements for QoS also sup-
port this assumption. The most suitable basis (e.g. time, volume) for charging will probably 
vary from one case to another. However, the evolution towards “all IP networks” partly in-
cludes an increased focus on the volume of transmitted data.  
 
The most crucial point is perhaps not how to charge for the network activity, but how to 
price it. The price per bit in UMTS is believed to be about the same as in GPRS. This cer-
tainly does not favor resource-demanding services such as streamed applications. Simultane-
ously, there are services that consume insignificant amounts of resources (e.g. emails), which 
are almost for free but which contribute notable consumer value. Thus UMTS prices will 
very much be a question of balancing perceived customer value against the costs of provi-
sioning. Here, price discrimination is useful in order reveal people’s propensity to spend 
money on communication services. Of course, the competitive rules between different mar-
ket players also affect the final price.  
 
Predicting the market demand curve tend to be difficult. There are so many parameters tha t 
ought to be taken into consideration. Issues like age, gender, IT literacy, profession, price 
sensitivity and the personal budget, all matters to the individual demand. Besides, human 
actions are often unpredictable and irrational, which makes the task even more complicated.  
 
In summary, determining the right charging and pricing schemes for mobile services and ap-
plications is no easy assignment. The final result will be a solution that is dependent on sev-
eral determinants, which are hard to identify in advance. 
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1. Introduction 

1.1 A Brief Introduction to the Area of Interest 
The rollout of UMTS (Universal Mobile Telecommunication System) services implies new 
wireless communication facilities. The mobile access networks will enable transmission 
speeds of up to 2 Mbps, enabling services and applications with real-time characteristics. The 
charging and pricing of these activities is crucial for the entire UMTS business case. 
 
Notwithstanding, this turns out to be a complex and complicated task, since there are so 
many simultaneous claims, both technical and economical. 
 
Charging will influence the network utilization and is closely linked to the networks’ ability 
to guarantee QoS (Quality of Service). This in turn concerns questions related to network 
dimensioning. Moreover, different tariff structures will have different effects, depending on 
the underlying network characteristics.  
 
The intention is to maximize network utilization and profits at the same time. Incomes must 
cover for the costs associated with the UMTS infrastructure and at the same time corre-
spond to customers’ willingness to spend money on mobile communication. Charging must 
not be studied in isolation, but in a context including enabled services/ applications and cus-
tomer demands.  
 
Hence, the problem is not only a question of how charging and pricing are actually tried out. 
In order to be able to approach this area, enabling factors turns out to be equally important. 
Some of them are further discussed in the thesis.   
 

1.2 The Aim with the Report 
Questions related to the pricing and charging of third generation applications and services 
are highly relevant for the entire business case. In this respect, Ericsson has a central role as 
a promoter of the equipment they are developing and which is needed in order to realize the 
functions of the networks. This report aims at supporting Ericsson with knowledge related 
to the operators’ businesses, which might be valuable when it comes to the actual demand 
for network equipment. 
 

1.3 Research Problem 
The research problem is about describing and identifying different factors and parameters, 
which must be considered when determining how to price and charge mobile services in 
UMTS. The objective of this work is to present and discuss basic research within the area of 
mobile communication and to investigate what questions might arise when deciding on rea-
sonable charging and pricing structures.  
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1.4 Limitations 
• There are numerous factors, which affect the way services and applications are priced 

and charged. This work does not cover them fully. 
 
• The study is mainly focused on the European market, but information from other parts 

of the world is considered in the presentation. This constitutes a significant weakness, 
since cultural differences often make it hard to draw precise conclusions concerning local 
or regional conditions. What is true in Japan does not necessarily have to be true in Swe-
den or in Norway, for instance.   

 
• I will restrict my presentation to one single charging architecture. It was established 

within the M3I (Market Managed Multi-Service Internet) project and serves as a useful 
and conceptual model of charging in real time, including multiple providers.  

 
• The supply of reliable information about strategic pricing and charging policies is poor. 

Consequently, parts of the presentation are made up of qualitative assumptions and pre-
dictions.  

 
• A high level of abstraction characterizes the section about customer demand. This is due 

to the shortage of examples from real life.  
 
• Most experiences with network charges so far come from fixed networks. Often, there 

are dissimilarities that make comparisons between fixed and mobile networks hard to 
perform. Thus, the information must be seen from a “mobile perspective”.  

 
• The study is mainly written much from a UMTS operator’s point of view. 
 

1.5 Structure of the Report 
The report will cover a wide theoretical area, starting with a background description of top-
ics, which in some way concerns the area of charging and pricing. The purpose is to intro-
duce the reader to the subject in question. 
 
Chapter three investigates the market for mobile communication. The objective is to give a 
picture of what actors there are and their interdependencies. The next chapter deals with the 
evolution of the network infrastructure, predominantly “all IP” (Internet Protocol) net-
works.  
 
Chapter five investigates what services seem to be most interesting in the eyes of the con-
sumers. This is followed by a chapter, which looks at the concept of quality of service. In 
chapter seven, there is a discussion about components crucial for the market demand curve. 
Thereafter, I will look into a simple model used to describe mobile traffic on a high level of 
abstraction.  
 
The last three chapters are dedicated to pricing, charging and an overview of the UMTS 
business case. 
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1.6 Methodology 
I have spent my time studying written information within the area of charging and pricing 
and other topics closely related to the subject. Much of the information is found in scientific 
research papers, master theses and different kinds of technical magazines and newspapers. I 
have had regular meetings with people at Telenor and also gained valuable knowledge about 
the subject during several informal discussions with employees at Ericsson.   
 

1.7 Switchlab 
Switchlab, which is part of Ericsson Research, was established 10 years ago and is physically, 
located in Kista outside Stockholm. The main activity concerns research about real-time 
routing, ad hoc networks and QoS. Switchlab is also involved in standardization issues, IP 
load control, header compression etc.   
 

1.8 Definitions 
This section presents some conceptions, frequently used later in the report. They coincide 
much with the definitions listed in (M3I 2000b).  
 
Accounting: 
Summarized information (accounting records) in relation to a customer’s service utilization. 
It is expressed in metered resource consumption, e.g. for the end-system, application, mid-
dleware, calls or any other type of connection. 
 
Billing: 
Collecting charging records, summarizing their charging content, and delivering a bill or in-
voice including an optional list of detailed charges to a user.  
 
Charges: 
Charges determine the amount of monetary value that needs to be paid for particular re-
source utilization. It is contained in a charge record. 
 
Charging:  
The overall term “charging” utilized as a summary word for the overall process of metering 
resources, accounting their details, setting a ppropriate prices, calculating charges, and provid-
ing a fine-grained set of details required for billing. Billing itself is not included in this defini-
tion.  
 
Pricing:  
The specification and setting of prices for network resources. 
 
Service:  
A service enfolds autonomous and network dependent tasks needed for application execu-
tion. An application typically employs several and presumably distributed services to provide 
full functionality.  
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Tariff:  
The algorithm used to determine a charge for a service usage.  
 
Metering:  
Determining the particular usage of resources within end-systems or intermediate systems on 
a technical level, including quality of Service (QoS), management, and networking parame-
ters. 
 

2. Background Studies 

The Evolution Towards UMTS 

GSM 
Mobile data services of today make use of the GSM (Global System for Mobile Communica-
tion) platform, which enables SMS (Short Message Services) and circuit switched data. The 
SMS normally consists of a text message of maximally 160 characters routed via the control 
channel. Circuit switched data is transferred on the normal traffic channel at the rates of 13 
Kbps (encoded voice) or 9.6 Kbps (data), (Prasad 1999).  
 
The user pays for the duration of the session, and the connection set-up is the same irrespec-
tive of what type of information that is in transfer. However, since the penetration of these 
services increases, the allocation of scarce radio frequencies is getting ineffective.  
 
The majority of the established network operators have invested tremendous amounts of 
money in GSM supporting infrastructure. Hence, they demand a smooth and cost-effective 
evolution towards 3G (Third Generation) networks in order to reuse the existing equipment 
(Rouz et al. 1999).  

HSCSD 
HSCSD (High Speed Circuit Switched Data) seems appealing to real-time services, such as 
videoconferences. A flexible air interface resource allocation makes it possible to combine 
the mobile operators’ strategies and the users’ needs. HSCSD enables the user to transmit 
and receive data on more than one time slot at the same time, which multiplies the transmis-
sion speed by the number of timeslots used. Moreover, new effective coding schemes allow 
data rates of up to 14.4 Kbps per channel (Andersson & Wirde 2000).  
 
Resources could be allocated either dynamically (non-transparent) or statically (transparent). 
By using a technique called Dynamic Downgrading Priority, timeslots are taken from non-
transparent calls, which allocate more than one timeslot and given to incoming non-HSCSD 
calls. As a result, subscribers could not be guaranteed a uniform and stable throughput.  
 
For a transparent HSCSD call, the number of allocated timeslots is fixed. Unfortunately, this 
is associated with set-up and hand-over problems. The number of requested time slots in a 
new network cell might be allocated already, which results in the dropping of calls (Anders-
son & Wirde 2000).   
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HSCSD services may be charged for in different ways, including:  
• The number of timeslots used.  
• Flat rate, irrespective of usage. 
• The number of bits transferred during the call.  
 
The migration from the GSM to HSCSD seems to be easy and requires only minor software 
upgrades (Andersson & Wirde 2000). However, the user will have to invest in a new mobile 
terminal.  

GPRS  
GPRS (General Packet Radio Service) means overlaying a packet based air interface on the 
existing circuit switched GSM network. Packet based traffic implies that information is seg-
mented into packets, which take different routes through the network. At the receiver, pack-
ets arrive arbitrarily, but are sorted in the same order as when they were sent.  
 
This network technology admits an increased number of users simultaneously and improved 
bit rates. It also means efficient usage of the radio spectrum, since traffic from different sub-
scribers is statistically multiplexed. Thereby, the need to provide capacity that is only used at 
peak hours will be reduced.   
 
Parts of the messages, previously sent using SMS, will probably migrate to GPRS, but the 
need for SMS as a complementary bearer service will remain. It is unlikely that network op-
erators will allow too many time slots to be consumed by a single GPRS subscriber 
(http://gsmwold.com).  
 
Applications requiring relatively high-speed transmissions, like high quality video, are not 
enabled until the introduction of EDGE (Enhanced Data for Mobile Evolution) or UMTS. 
The fact that GPRS packets are exposed to transit delays enforces the need for EDGE.  
 
An early development of GPRS would be an excellent opportunity for operators and service 
providers to investigate the feasibility of new applications before the introduction of UMTS. 
Services like e-mail will be more flexible to use, since there is no longer any need for the 
connection set-up. Transmission speeds of up to 171.2 Kbps are planned, but the maximum 
data transfer will eventually depend on the infrastructure (Prasad 1999).  
 
Volume based charging schemes are applicable so that the user can stay online all day and 
pay for the actual volume of transmitted data.  

EDGE 
The allocation of multiple time slots has been the primary way to increase data rates in GSM 
networks. EDGE can be viewed as an extension of the GSM standard, just like HSCSD and 
GPRS (Prasad 1999).  
 
EDGE uses a new modulation technique in order to reach higher data rates on the radio in-
terface. It can be used for circuit switched (with HSCSD) or packet based (with GPRS) 
technologies. The enabled bit rate is 48 Kbps per channel, which corresponds to 192 Kbps 
in each direction, in case four channels are used (Andersson & Wirde 2000). 
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The investments required for implementing EDGE include new EDGE transceiver units 
and software upgrades. Furthermore, terminals must be developed, which support the new 
modulation technique (Andersson & Wirde 2000). 

UMTS 
UMTS will allow delivery of voice, graphics, video and broadband information of all types. 
The access/radio technology for these services will be WCDMA (Wideband Code Division 
Multiple Access), supporting a combination of packet and circuit switched data. This will 
allow a customer to join a videoconference, download data files and access web pages, simul-
taneously. Some of the technical benefits achieved thanks to WCDMA compared to the 
GSM system are presented in Table 1 (UMTS Forum 1999). 
 
Service flexibility  Effective usage of 

radio spectrum 
 Capacity & 

coverage 
 Economies of net-

work scale 
Each 5 MHz carrier 
enables a variety of 
services ranging 
from bit rates of 8 
Kbps to 2 Mbps. 
Circuit and packet 
switched services 
are combined on 
the same channels.  

 Radio frequencies 
are efficiently util-
ized. The number 
of approved phone 
calls within a cell 
sector is increased.  

 The transceivers 
can handle eight 
times more 
voice compared 
to narrow band 
transceivers.  

 WCDMA can reuse the 
already existing GSM 
core network, which 
gives the existing opera-
tors the chance to build 
on the existing invest-
ments. 

 
Table 1.  Technical benefits associated with the WCDMA platform 

 
Charging schemes in UMTS will open up for a new way of thinking. For instance, reverse 
charging and the charging of a pa rty not participating in the call is under consideration. 
These circumstances demand for some kind of cost control implementation, where the user 
can limit the allowable usage. It should also be possible to charge all parties or only the 
originating party for so-called multi-leg calls (e.g. conference, forwarded or roamed calls) 
(ETSI 2000). 
 

Trends on the Mobile Market 

Actors  
The number of actors on the market offering value added services will probably increase, 
and the multimedia services provider (MSP) will presumably constitute a key function in to-
morrow’s networks. It will purchase multimedia information from actors like TV program 
providers and software developers.  
 
The MSP will make the information available in forms like Video-on-demand or interactive 
games, which is enabled for the customer via a fixed or mobile link on a multimedia server. 
High initial costs due to large investments, like an increased number of required base sta-
tions, could however lead to comparably high tariffs (UMTS Forum 1999).  



 7

If content is included in the distributed mobile multimedia it is likely that the provider ex-
pects payment for its value. Payments may be collected from the customers directly, but 
typically the operator carries this out. The actual flow of money between different stake-
holders is still an open question. One can assume that a user demands both basic telecom-
munication services such as voice and a variety of value added services. These will be sup-
plied both by network operators and value added service providers. The VASP (Value 
Added Service Provider) pays the operator for the resources consumed in order to satisfy the 
user. The customer on the other hand pays both the operator and the VASP.  Hence a high 
level overview of pa yment flows could look like the ones depicted in Figure 1. 
 

 
Figure 1. An illustration over money flows between different actors within the area of tele- and data-
communication 
 
Content may even be provided free of charge. In this case, including advertising generates 
revenue. Since content providers are curious about reaching the mass market, it is in their 
interests to minimize the costs of their services to the end users (UMTS Forum 1999).  
 
However, only a minor piece of the total payments is shared with content providers. This is 
obvious within the cable TV business, where only one third of the total revenues goes to 
content, while the rest is transferred to the network operators (Odlyzko 2000). This implies 
that the network owner would get a completely new source of revenue if convergence moves 
delivery of content to the Internet. 

Services  
The wish to turn spare time into effective time both in a person’s business and personal life, 
in addition to increased individual mobility, drives the development towards multimedia ser-

Operator

User

VASP

Revenue Price of value-
added service

Revenue

Accounting

Tariff of
services

Revenue

Demand for value-added services

Demand for basic services

Source: Telenor R&D
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vices while on the move. The 60 % annual increase in the number of cellular phones each 
year in Europe supports this statement (UMTS Forum 1999).   
Here are some additional trends, which may influence the creation of future services. 
 

Social trends  Technology trends 
Personal productivity.  Cost/performance trend in terminal 

components.  
Need for personal security, due to an increase in 
crime.   

 Improved human-machine interface. 

Demand for remote access due to flexible work-
ing practices. 

 Database and data compression 
technologies. 

Demand for home entertainment services.  Development of effective usage of 
radio spectrum.  

 
Table 2. General trends, which influence future mobile services 

 
Future applications will include collaborating work systems, which enables “virtual project 
teams”, stock checking, co-ordinated scheduling, fast access to digital libraries, virtual reality 
walkthrough of architectural designs etc. 
 
In the future, the distinction between voice, video and data will become diffuse. We will 
probably witness a convergence between different communication sources, including enter-
tainment, commerce and computing. So far, only fixed networks have been considered. Mo-
bile multimedia will be a sub-set of multimedia services via fixed networks, which makes it 
important to define the fixed and the mobile multimedia markets in parallel. Fixed multime-
dia services today can be seen as good hints about future mobile multimedia attractions.  
 
Mobile multimedia is divided into three generic types: medium, high and high interactive 
multimedia. Typical medium multimedia services are Intranet/Internet access, application 
sharing, interactive games and sophisticated broadcast and public information messaging. 
High multimedia services are for instance video and audio clips on demand, fast access and 
online shopping. Finally, video telephony, videoconferencing and telepresence serve as good 
examples of high interactive multimedia (UMTS Forum 1999).  
 
Table 3 gives some examples of characteristics regarding different multimedia services ac-
cording to UMTS Forum. The information in the table only serves the purpose of better un-
derstanding. The question marks signify that the characterizations are vague. This type of 
information is still valuable when dimensioning networks and when establishing suitable 
charging schemes. For example, asymmetric traffic behavior favors schemes based on the 
volume of transmitted data. Symmetric traffic is perhaps better charged for the time con-
nected.  
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  Medium multi-
media 

 High multimedia  High interactive 
multimedia 

Asymmetric/ 
Symmetric 

 Asymmetric  Asymmetric  Symmetric 

Type of tariff 
(proposals) 

 Charged per MB?  Charged per MB?  Charged per minute? 

Typical file size  0.5 MB  10 MB   
Delay sensitivity  Delay tolerant  Delay tolerant  Delay intolerant 

 
Table 3. Assumed mobile multimedia characteristics 

 
There are several outlines of scenarios regarding the future mobile multimedia market. It 
should be remembered though, that people tend to overestimate what can be done in one 
year and to underestimate what can be done in five or ten years. The mobile telephony in-
dustry is associated with a rapidly growing sector. However, it has taken about 15 years to 
reach the present level of usage (Odlyzko 2000).  

The Traffic 
The vision of UMTS is a convergence of fixed and mobile networks. Both circuit-switched 
traffic with guaranteed QoS and packet-switched traffic (both connection-oriented with 
guaranteed QoS and best effort) must be supported. Moreover, precaution must be taken to 
the asymmetry of the traffic that is caused by coming multimedia features.  
 
Altmann et al. (1999b) analyses different types of traffic with respect to bandwidth over 
fixed networks. These are bulk traffic (FTP, streaming data), burst traffic (WWW) and inter-
active traffic (Telnet, X Windows). Bulk traffic is characterized by a small number of packets 
compared to the number of bytes transferred. The average packet size is larger than 1000 
bytes. Packets of an average size smaller than 45 bytes represent interactive applications and 
the remaining traffic is classified as burst traffic.  
 
Experiments show that burst traffic dominates (between 66-85 % of all traffic). However, as 
the supply of bandwidth increases, the proportions of both bulk and interactive traffic will 
increase.  
 
Altmann et al. (1999b) also found that 62,5 % of all users in the experiments took advantage 
of bandwidths ranging from 8 to 128 Kbps at least at some occasion. The trials reveal little 
intra -user1 variations in weekly mean expenditure, but that inter-user distributions of indi-
vidual budgets and general usage are very heterogeneous. Price differentiation based on high 
or low volume users will however not be enough. Customers must be given the opportunity 
to switch between qualities more or less instantaneously. 
 
In 2005 a significant proportion of all mobile traffic is assumed to be transmitted over a 
packet or cell-based network. Data could account for over 70 % of the total mobile traffic. 
Therefore, spectrum requirements and network design must be seriously considered. Tech-

                                                 
1 Intra-user expenditure concerns one single customer, while inter-user expenditure refers to the spending 
among different users (user groups). 
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niques like data compression and configurable radio interfaces will be important when de-
mands on the spectrum increase (UMTS Forum 1999).  
 

Tariff Structures 

Overall Economics  
Charging and pricing aim at maximizing the return on the network investments. Therefore, 
what is needed is a charging scheme that can reflect the true cost of service provisioning.  
Shaoyan & Chuanyou (1998) and Fishburn & Odlyzko (1999) discuss various costs, which 
could be derived to the operation of 3G networks. Here are some of them: 
 
• Ongoing operational costs such as financial funds 
• Salaries 
• Welfare funds 
• Repairing costs 
• Cost for expandable pasts with low prices and service provision costs 
• Depreciation of the network investments 
• Network management and other overhead costs 
 
Some of them will dominate over others. For example, the cost for depreciation will be 
much higher than in 2G networks, due to the huge infrastructure investments2. On the other 
hand, the costs for salaries will probably not be much higher than today.  
 
Costs associated with repairing costs and network management will probably depend on fac-
tors such as QoS guarantees and interconnection agreements with peer networks etc. 
 
Actually costs do play a dominant role for the operators’ profitability. It seems as if the dif-
ference in revenues is caused more by different cost patterns than by different demand func-
tions (Fishburn & Odlyzko 1999). The operators must be able to handle the transition from 
yesterday’s resource scarcity and today’s relatively high cost of local access to tomorrow’s 
increased supply of high quality links. 

Licenses 
There are several ways UMTS licenses could be distributed and the UMTS Forum has listed 
several recommendations to national regulators. If the distribution includes money transac-
tions, the sum of it should serve the purpose of being cost-recovery and nothing else. The 
high start -up costs will surely have considerable impacts on the UMTS business case, not the 
least in countries where license expenditures are tremendous. If license fees exceed admini-
stration costs, they could in fact result in direct negative effects on the deployment of UMTS 
in a large scale (UMTS Forum 1998). High up-front fees put serious strains on operators’ 
balance sheets and require huge incomes. As a result, high prices might result in customers 
being locked out from the market. 
 
                                                 
2 The network investment is not a cost. The networks are in operation and the cost is spread over several years. 
The annual depreciation however is a cost.  
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Below, some ways of assigning licenses are described, combined with typical characteristics 
associated with each of them (UMTS Forum 1998). 
 
First come, first 

served 
 Comparative 

bidding (beauty-
contest) 

 Auction  Lottery 

The most wide-
spread and long-
standing method. 
It is appropriate if 
there is no scar-
city of frequen-
cies.  

 Pre-defined selec-
tion criteria are 
determined. This 
method could 
become complex 
and time-
consuming.  

 Auctions might result in 
high up-front fees, which 
increase tariffs for the 
end customer. 
Auctions could also harm 
the competition because 
of incomplete informa-
tion.  

 Lottery does not 
guarantee that 
awarded operators 
are competent 
enough. The 
method is seldom 
used in Europe, 
but it is quick and 
non-
discriminatory.  

 
Table 4. Different ways to regulate the radio frequencies 

 
The goal of issuing licenses for spectrum usage is to ensure the appropriate service quality 
and to ensure the delivery of wireless broadband services. This seems to be a necessity, since 
new wireless services are expected to cause gaps between the demand and supply of radio 
spectrum. Here charging and pricing serve the purpose of controlling the usage.       

Existing Charging Models 
The existing billing models are adapted to POTS (Plain Old Telephone System) and the 
Internet. POTS charging is based on access (flat rate), location3 and usage. Since the cost 
drivers for usage and access differ, the operators often use two-part tariffs4. Usage costs are 
traffic dependent while access costs vary with the number of subscribers and hence the 
charges consist of three major parts (Shaoyan & Chuanyou 1998):  
• Installation and test charges  
• A charge for connection with the network 
• Lease charges  
 
However, a marginal cost approach to pricing will not be functional for a telephone com-
pany since the break-even constrained optimum will not be satisfied without external subsi-
dies or price discrimination. In practice prices have to be higher than optimal since the rela-
tionship between price, demand and capacity is constrained according to Figure 2 (Edén & 
Arvidsson 2000). 

                                                 
3 Charging based on location is getting obsolete.  
4 That means, charges are based on access and usage for example.  
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Figure 2. The price under a capacity constraint 

 
The telephone market (in Sweden) has long been characterized by monopoly and charging 
has predominantly been based on rate averaging and cross-subsidization. Despite the hetero-
geneity in usage patterns between different customers, almost all user groups face the same 
prices.  
 
Historically, long distance and business services have been priced disproportionately high in 
order to subsidize local and residential services. The cost for building and maintaining the 
local loop are cheaper for business customers, often located in densely populated areas. Thus 
it could be argued that telephone rates for business users should in fact be lower. Even low-
cost users have been forced to subsidize high-cost subscribers (Sung & Cho 2000). 
 
POTS charging schemes have the following characteristics. The models for mobile services 
are based on the same idea, but they are more complex.  
 
• Costs are reflected 
• Accounting is simple (a billing record is generated at the local exchange)  
• A single QoS is supported 
 
Internet charging is often a flat rate combined with some fee for connection time. Future 
schemes on the other hand require costs to be reflected in detail.  
 
Today’s schemes are not good for encouraging innovative usage of services. Unfortunately, 
time and distance based charging can be very inflexible (Rouz et al. 1999). For example, a 
WAP user is charged for the time spent online, not for the actual service5. The telecommuni-
cation market has rapidly turned into a competitive market. This impedes regulators and leg-
islators from relying too heavily on uniform rates. Therefore, there have been attempts to 
                                                 
5 Circuit switched networks. 

Price

Demand

Capacity 
Limit

Source: Edén & Arvidsson , The 15th NTS
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price services more accurately according to their costs. Rate balancing has been successful in 
many developed countries considering the elimination of cross-subsidy from long-distance 
to local services. Besides, high-volume business users are sometimes offered price discounts.  
 
Tomorrow, revenues per subscriber for some business segments will probably increase due 
to the substitution of fixed voice traffic against the use of value added services. However, 
many business users will probably generate comparatively low revenues due to the usage of 
wireless VPNs (Virtual Private Networks) at lower tariffs compared to public switched ser-
vices (UMTS Forum 1999). 

Usage Based Charges 
3rd generation mobile network charges will almost surely depend on usage. This is motivated 
by the overall trend towards “all IP” networks, where the actual number of packets trans-
ferred is what really matters. Other reasons are the scarcity of radio resources and its classifi-
cation into different traffic classes, which in turn delivers a multilevel QoS. In case flat rate 
charging is used, it would negate the benefits of this provisioning (Barnett 1998). According 
to Altmann et al. (1999a), flat rate charging implies over consumption of resources and loss 
of incomes from customers ready to pay higher fees.  
 
Parameters associated with the session charging are connection-time, transmitted volume 
and file information indicators. These parameters could be expressed as in the following 
charging function (Botvich et al. 1997): 
 
 
Fixed charge ( file content) + E (charge per unit time) * Time + F (charge per packet) * Volume.  
 
 
The scheme was evaluated both from a wholesale6 and a retail7 perspective regarding audit, 
practicality, usage sensitivity and predictability. This is illustrated in Table 5.  

                                                 
6 See section 3.2 
7 See section 3.2 
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  Audit  Practicality  Usage 

sensitivity  
 Predictability 

 
 
Wholesale 
charging 

 The counting 
of 
cells/packets 
is probably as 
reliable as in-
formation 
sent from a 
PSTN timer 
today. 

 More work is 
needed in order 
to make charging 
scalable. The 
number of dif-
ferent types of 
networks and 
actors will in-
crease and then 
charging be-
comes a more 
complex issue. 

 Burstiness 
is not 
taken into 
account. 

 Financial respon-
sibilities and the 
extent ghost traf-
fic8 exists needs 
to be clarified. 

         
 
 
 
Retail 
charging 

 Volume based 
charging is 
similar to the 
wholesale ap-
proach. A full 
implementa-
tion on the 
Internet of an 
audit trial for 
time-based 
charging 
(only) seems 
hard to real-
ize. 

 This is strongly 
dependent on 
the development 
of suitable Inter-
net tools. 

 Improved 
flexibility 
can be at-
tained 
thanks to 
the com-
bined 
charging 
approach.  

 If there is a 
method of fore-
casting usage ex-
penses at the ap-
plication level, a 
high degree of 
predictability will 
be allowed. 

 
Table 5. Charging scheme evaluation. 

 
MacKie-Manson & Varian (1995) have proposed a two-part tariff consisting of fees for sub-
scription and usage, which results in an efficient level of consumption as well an efficient 
level of capacity allocation.  It also says that new firms will enter the market until the profits 
are driven to zero, in case there are no specific restrictions.   
 
What will happen to the utilization rates during usage-based charges is unclear. With no us-
age price the resources are used more. What happens to the utilization will depend on the 
possible increase in capacity. The utility of a network service could be higher or lower than 
with usage based pricing, since there is more usage without prices, but also more congestion 
(MacKie-Manson & Varian 1995).     
 

                                                 
8 Ghost traffic does not have anything to do with the service or application. Typical examples are connect ion 
set-up signaling and pinging. 
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Some charging schemes take congestion into account, but in order to reach the benefits as-
sociated with congestion charging, traffic must be of best effort type only (Barnett 1998). 
How to realize this method in a UMTS environment is still an open question. Perhaps, it 
could be useful in the unspecified service classes.  
 
Congestion fees could be useful, since the operator becomes aware of the network utilization 
and the user is instantly informed about the cost of his resource consumption. However, this 
assumes that the concept of congestion is well established and that unnecessary congestion 
caused by the party charged is avoided (Crawford 1995). Moreover, congestion is a subjec-
tive concept, and some consumers interpret the network as congested, while others do not. 
  
Unfortunately, there are some drawbacks associated with usage based charging. First, the 
schemes require complex accounting systems, which unfortunately implies heavy loads on 
the network. Second, the measurement of usage statistics over the entire network also seems 
to be a problem. Perhaps, governmental policies will have to help coordinating interconnec-
tion agreements in order to create a competitive environment. Otherwise, large providers 
will have a given advantage in competing for customers (MacKie-Manson & Varian 1995). 
Furthermore, there is traffic, which does not belong to the real content. Pinging and signal-
ing is necessary in order to maintain the set up connection but should not be included in the 
traffic metering process (Botvich et al. 1997).  
 
Operators’ estimates and predictions of future prices for services and applications are re-
garded confidential. However, rough estimates show that services without guarantees seem 
to generate the highest gross margins9 (e.g. the UBR class in ATM), (Botvich et al. 1997).  

The QoS Aspect According to Charging 
There will also arise questions concerning the interpretation of QoS in 3G systems. In GSM 
networks, QoS is handled in line with the so-called raw QoS approach where the service be-
havior varies between a minimum and a maximum level. Services in UMTS will require a 
consistent and stable average QoS guarantee, with few and infrequent degradations in the 
service characteristics. This will probably ask for a more advanced interpretation of QoS 
compared to in GSM (Philippopoulos et al. 1999).  
 
The customer will be able to renegotiate quality agreements, i.e. a customer can disconnect 
the service if not satisfied or the resource management could initiate QoS renegotiations, as 
the service level becomes too low for the specific customer. However, stating QoS guaran-
tees turns out to be hard. One reason is that “mobile QoS” consists of several components 
(a fixed network component, an air-interface component and a handover-related compo-
nent). The aim however is to offer a radio spectrum with several service classes reminding of 
those proposed for ATM networks10 (Morris & Pronk 1999).  
 
Lindberger (1999) investigates how to divide traffic into different traffic classes, depending 
on different QoS demands. He concludes that only two types of service classes are needed. 
The traffic will basically be of two types (elastic and stream traffic), where the transfer of 
                                                 
9 Gross margin: the differential between the production cost and the session revenue expressed as a percentage 
of the session revenue.  
10 DBR, UBR, SBR and ABR 
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files of data is an example of elastic traffic and video and voice are examples of stream traf-
fic.  
 
Volume based tariffs irrespective of traffic type is suggested. Stream traffic is offered small 
buffers that are prioritized in relation to other buffers. The main contribution of the paper is 
that a satisfying QoS for both traffic types can be combined with a good utilization of the 
link. This can serve as a good example of how to carry traffic in a multi-service network. It 
also says that different priority classes for partly the same type of services is ineffective, if the 
proportions of traffic volumes in these classes is unknown. In the INDEX (The Internet 
Demand Experiment) project there was an empirical real-world trial of quality-differentiated 
network services, which provided Internet access over ISDN lines at the Berkeley campus 
community (Altmann et al. 1999a). Six different variable symmetric bandwidths were offered 
(i.e. 8, 16, 32, 64, 96, and 128 Kbps) and charged for per minute in relation to the chosen 
capacity. Experiments with variable asymmetric bandwidth and charging for volume were 
also performed. The results showed that a significant proportion of the users do have an ex-
act idea of how much they are willing to spend for Internet services, given a certain level of 
QoS. Further aspects associated with the area of QoS are discussed in section 6.    
 

3. Actors 

3.1 A Changing Value Chain 
Traditionally, the unchallenged most important actors in the telecommunication market are 
the network operators (NO). They collect about 90 % of the market revenues, thanks to in-
comes from voice (UMTS Forum 2000).  
 
New end-user demands and the advancing technology will probably change this market 
structure. A general assumption is that the role of content providers will grow with the in-
troduction of UMTS. Service providers will try to position themselves in the value chain and 
in return for billing and customer support receive a percentage of the revenue. Early experi-
ences from i-mode (see section 5.1.2) however highlight the difficulties for content providers 
to generate revenue. Since content is predicted to cover much of the initial cost of the 
UMTS infrastructure, this ought to change. The merger of AOL and Time Warner and the 
emergence of Internet banks like Citibank however confirm the growing interest for the op-
portunities within the market for content (www.citibank.com). 
 

3.2 Network Operators 
So far, the task of the NO has primarily been to enable transfer of voice and data in a market 
characterized by incomplete competition. The question arises, whether mobile operators 
have sufficient innovative ability to continue to stay competitive. This challenge has become 
a question of service management, more than just network management, since the revenue 
stream will be closely linked to quality of service and the availability of applications (Jagau 
2000). Actually, customers are just “one click” away from competitors, which confirms the 
emergence of loyalty agreements. 
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There are basically two ways network services could be delivered. First, the facility-based op-
erator (e.g. Telia or Telenor) trades network capacity (wholesale) to ISPs that does not own 
any network infrastructure. Second, the operator could act as a retailer by selling services to 
end customers directly. The ISP also acts as a retailer when the service is “resold” to the cus-
tomer (Ericsson & Persson 2000). 
 
Today license holders do not have the skills and expertise to offer the full range of mobile 
commerce, entertainment, banking, shopping, information and other possible services that 
will be available in 3G networks. 
 
The appearance of so-called Mobile Virtual Operators (MVOs), confirms the attractiveness 
of the business related to the retail business. Other actors in the mobile market are virtual 
Internet service providers and portals. 

3.2.1 Mobile Virtual Operator    
A mobile virtual operator (MVO) is a firm without infrastructure, but which issues its own 
SIM card. The MVOs are focusing on providing software and content instead of delivering 
access to the local loop, the radio spectrum or the global Internet. The Norwegian Sense 
Communication and Virgin Mobile from UK are typical examples of MVOs.  
 
The principal question is whether facility-based operators should let newcomers like MVOs 
enter their market. They can actually increase the supply of content and trigger an increase in 
traffic volume, i.e. acting as each other’s complements. For instance, Virgin Mobile can, as a 
WAP service provider, create higher demand than what One-2-One (the owner of the infra-
structure), with whom they have a joint venture, can do alone.  
 
The NO faces the risk of loosing customers to the MVO and that the enabled services be-
come more of a substitute than a complement to the facility-based operator’s services (Foros 
& Hansen 2000). 

3.2.2 Virtual Internet Service Providers and Portals  
Just like the MVOs, the virtual service provider rents capacity in the underlying infrastruc-
ture. The difference between the mobile and the ISP market tends to be the few spectrum 
licenses, which constrains the possible number of MVOs. Market prices for wholesale ser-
vices determine if an actor becomes a virtual or a network owning ISP. 
 
A portal is a start page for a specific segment of users, which could be provided via an 
MVO. The customers see a portal as a place where services are available (Foros & Hansen 
2000).  

3.2.3 Internet Backbone Provider 
The Internet backbone provider is at the top of the Internet hierarchy. The service includes 
guaranteed access to the core routing structure, which is driven cooperatively by a few core 
IBPs. Recently, they have tried to integrate vertically with the market for Internet accesses, 
searching for competitive advantages (Foros & Hansen 2000).   
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3.3 Conclusions 
Traditionally, the network operator has been the receiver of most part of the revenue stream 
from the customers (90%). The introduction of UMTS implies a more important role of the 
content provider. The major explanation is that the facility-based operators will probably not 
be able to acquire sufficient amounts of skills and expertise to meet new end-user needs. 
Hence the market value chain will probably look different in a 3G environment compared to 
today. The appearance of MVOs, virtual ISPs and Portals are typical examples of that.  
 
This change will however require a redefined distribution of the total income. Otherwise, the 
attractiveness of the market for mobile communication will fade. This would be negative for 
the UMTS business case. Thus, what is needed is a well-defined framework, which meets the 
interest of all actors involved. 
 
Problems associated with this are customers’ restricted willingness to pay for services and 
arising conflicts between the branches of tele- and datacommunication. Network operators 
are probably not too eager to share profits with new actors and at the same time expose 
themselves to enhanced competition. On the other hand, if an extended number of actors 
are prepared to bear the burden of investments etc., this could actually lead to profitable 
scenarios resulting in  “win-win” situations. 
  

4. Network Characteristics 
Charging structures for mobile services require knowledge of the underlying network archi-
tecture. Yet, this is not available. There are lots of theories and some of them tend to domi-
nate over others. Part of the problem is the fact that the traditional branches of telecommu-
nication and computer communication have started to near each other, moving towards a 
common network structure.  
 
Besides corporate culture conflicts, the utmost important issue regarding this convergence is 
whether networks should be mainly packet or circuit switched. This provides a reason to 
point out some differences between the two technologies. 
 

4.1 Packet and Circuit Switched Networks 
Packet based networks were originally built for best-effort traffic and lack real-time traffic 
support. The end-to-end delay could be quite significant, depending on packet reassembly 
and forwarding at intermediate routers.  To preserve real-time traffic properties, packet sizes 
should be small. This unfortunately leads to a high proportion of overhead, which is not eas-
ily compressed over radio links (Yang & Kriaras 2000). Statistical multiplexing however al-
lows effective resource allocation.  
 
IP (Internet Protocol) is the predominating packet-based protocol standard and it is sup-
ported on a range of networks with different bandwidths, transports and performances. 
In the future there will be features in IP including the ability to reroute connections for long 
duration transfers as the network detects more efficient routes. This helps to preserve a 
more reliable time-delivery. Even IP over circuit switched link layers such as ATM (Asyn-
chronous Transfer Mode) can handle traffic of delay critical nature (Marchent et al. 1999).   
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Circuit switched networks establish a fixed connection between two or more communicating 
entities. No more than one session at the time is allowed to use the network capacity of that 
particular connection. Consequently, the resources are not always utilized, which is wasteful. 
Moreover, the set-up procedure is time consuming.  
 
The immediate benefit of this type of connection is that traffic is delivered to the destination 
in a timely manner. This is a crucial characteristic for services like voice and videoconferenc-
ing.    
 
Despite the benefits associated with the circuit switched technology, IP constitute the most 
“popular” communication platform at the moment. 

4.1.1 “All IP” Networks 
Ericsson’s vision is an evolution towards “all IP” networks (i.e. that fixed and mobile net-
works are integrated). This is motivated by the fact that IP is market driven, more than just 
an issue of technology (Örnung 2000). Another factor supporting the idea of IP networks is 
the increased attention given to services like IP-telephony.  
 
The PSTN, the mobile networks and the Internet are separated, a structure that is generally 
believed to change. Nowadays, there is a focus on the establishment of a backbone (pre-
sumably IP), common for all kinds of access networks, including UMTS. The idea is to avoid 
detached networks, with separate but equal equipment (Örnung 2000). The applications will 
be located on servers directly connected to the backbone. This alternative approach is illus-
trated in Figure 3. 
 

Figure 3. The migration towards a common backbone network structure 
 
With an IP-based backbone, it sounds logical to deploy IP as a platform even for UMTS, 
which is further studied below. 
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4.2 UMTS 
The term ‘all IP based network’ is not well defined, but what is meant is to deploy IP as the 
general platform for all services. The main purpose of this structure according to 
www.3gip.org is to allow operators to deploy the IP technology to deliver 3rd generation 
services (www.3gip.org).  
 
These are some benefits mentioned in (Yang & Kriaras 2000) associated with IP in UMTS 
access networks11: 
 
• Operators could easily offer the same services to subscribers accessing through different 

networks. 
• The cost of providing IP transport is continuously sinking.  
• An IP-based UMTS core network would mean a smooth interworking with an IP back-

bone. 
• Capacity enhancements of an IP based transport network are easier and cheaper.  
 
There are also uncertainties related to the deployment of IP in UMTS. It is not solved yet 
who will be responsible for service control. Will it be the home network, the visiting network 
or both? Even the administration of user location services is an open question. 
 
Thus, an alternative UMTS system could be a hybrid of packet based and circuit switched 
systems, which means that the UMTS terminals must be able to handle both of them. By 
doing so, services which draw from the benefits admitted by circuit switched system do not 
have to convert to IP and vice versa.  
 
The UTRAN (UMTS Terrestrial Radio Access Network) might be introduced with inter-
working to the GSM system. Later, the UTRAN will be connected to a UMTS core network 
based on either ATM or IP (Yang & Kriaras 2000). The evolution to an IP/ATM core net-
work is illustrated in Figure 4. 
 

                                                 
11 This is however not true regarding the radio interface. 
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Figure 4. The evolution towards and IP/ATM UMTS core network 

 
This brief description of the UMTS architecture serves as a reference regarding the delivery 
of applications and QoS. Moreover, the architecture should be kept in mind when discussing 
future charging schemes.  
 
Next chapter describes what applications seem to be most interesting seen from a 3G per-
spective.  
 

4.3 Conclusions  
The choice of appropriate charging schemes for UMTS services will depend very much of 
the underlying network structure. Generally, in circuit switched networks, the time con-
nected plays a significant role compared to packet switched networks. On the other hand, in 
packet switched technologies, the amount of data transmitted is perhaps a better measure 
when it comes to the consumption of valuable network resources. Besides, different net-
works serve the needs of some applications better than others.  
 
Circuit switched networks could guarantee the customer a certain network capacity, but un-
fortunately, this is at the expense of inefficient network operation. IP is the communication 
platform that obtains the most attention at the moment and the focus is on the establish-
ment of an IP backbone, common for all kinds of access networks. Uncertainties concerning 
the service control responsibility, demands further investigation. No one would like to pay 
for a service that is not delivered. Perhaps a hybrid network structure, consisting of both cir-
cuit and packet switched characteristics, might be the best solution in the end. 
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5. Applications 
Most surveys related to the area of applications are focused on fixed networks and only a 
limited number of them are available over wireless systems. Therefore, the mapping of ser-
vices/applications from fixed to mobile platforms tends to be risky.  
 
There are at least four different characteristics that distinguish mobile and fixed Internet 
connections from each other (Ericsson et al. 2000):  
 
• Mobility 
• ‘Always connected’ 
• Transactional 
• Local awareness 
 
Mobility and ‘always connected’ mean that the user is spared from having to be situated at an 
Internet access point and does not have to log on to the network every time.  
 
The transactional feature implies that the user can act instantly on information, like buying 
stocks.  
 
Finally, local awareness implies all terminals to be located at any occasion, enabling position-
ing related applications. Technology issues affect the evolution of applications in at least two 
ways. First, network capacity naturally restricts the supply of services and the feasible num-
ber of subscribers.  
 
Second, the power of the processor, network capabilities, energy source supply, memory 
size, screen size etc., will certainly influence the supply of services. 
 
Streaming services, as it seems, require too much capacity, even in the context of UMTS. 
Consequently, the option of downloading music for instance seems more appealing.  
 
Europolitan recently made the first Swedish release of GPRS. This is the first real field trial 
of packet-based applications over wireless networks (in Sweden). Hence, results from it will 
be valuable knowledge in several respects. First, it will indicate which applications are de-
manded and second, it will show people’s reaction towards volume based charging. 
  

5.1 Demand for Future Mobile Applications 
People are attracted to different types of applications, though features characterizing mobile 
communication such as freedom, connection, exchange, closeness and mobility seem to be 
particularly important to most users. General emphasis is given to applications, which sim-
plify everyday life. 
 
Ericsson Mobile Communications and Ericsson Consumer Lab have performed market re-
search regarding thoughts and demand for non-voice wireless applications. Table 6 illustrates 
the result from some chosen regions around the world (Consumer lab 2000). 
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Country  1st  2nd  3rd  4th 
France  Tariff indi-

cation12 
 Own location  House alarm  Maps 

Italy  E-mail  Maps  Information services  Web browsing 
Japan  Remote 

function 
 Remote 

function 
VCR 

 Buying information 
and tips 

 Maps 

Nordic  E-mail  Maps  Web browsing  Information ser-
vices 

USA  Own loca-
tion 

 Convert to 
cordless at 
home/office 

 House alarm  Remote function 

 
Table 6. The four most interesting non-voice mobile services 

 
The demand for mobile music devices was pretty modest, but still higher than games. De-
spite a relatively low overall interest for these services, young people seems to be the main 
target group. 

5.1.1 WAP 
WAP (Wireless Application Protocol) is a “phone browser technology”, i.e. a suit of specifi-
cations that defines a protocol for communication between server applications and clients. 
WAP acts as a catalyst for the mobile In ternet. In many respects this has led to a somewhat 
turbulent situation for many operators. The business models of the mobile Internet are quite 
similar to those of the fixed Internet, with some important exceptions (Pehrson 2000). 
 
• Portals to the mobile Internet have a more prominent role compared to portals to the 

fixed Internet. 
• The success (or failure) of the mobile Internet is more dependent on classes of service 

than on mobility enabling technologies. 
• The mobile Internet represents a major opportunity for electronic e-commerce. 
 
Wireless operators in possession of large customer bases and gateways between mobile net-
works and the Internet are well positioned for success in the emerging datacom era. The 
WAP gateway can be located at the site of the mobile operator, an independent service pro-
vider or an enterprise. Each of them provides different advantages. If it is located at the op-
erator, the end user can obtain faster access, customized billing and other specific network 
features provided by the operator. An enterprise could enable unique end-to-end security 
(e.g. bank accesses). 
 
The expected penetration of WAP is based on the mobile penetration. By 2004 nearly 95 % 
of the users with WAP-enabled phones are expected to have active WAP subscriptions 
overall (Pehrson 2000).  
 

                                                 
12 The user is informed about how the charge is calculated.   
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So far, the time-consuming set-up times over circuit-switched connections are a major im-
pediment. However, this will be eliminated thanks to GPRS (always connected).  

5.1.2 Applications over GPRS 
Europolitan recently introduced GPRS, which is generally considered to be the first step to-
wards the mobile Internet. GPRS enables the user to be connected to the Internet without 
paying for the actual time spent online, but for the volume of data transmitted.  
 
GPRS will not support applications of real-time characteristics, but services, which require 
low QoS and low bandwidth. Services with good potential on the GPRS market will possess 
the following characteristics (Mörk & Wennerström 2001): 
 
• Useful or entertaining and is not readily available through substitutes. 
• Swiftly provided, reliably and efficiently. 
• Easy to use with respect to input and navigation. 
• Offer a high value compared to the total cost of service for the user. 
• Utilize little network capacity, which results in low transport costs.  
 
GPRS will probably be used for qualitative information services, but SMS will continue to be 
used for the delivery of most quantitative information services (http://gsmworld.com).  
 
GPRS will serve as an indicator of what applications are feasible in a UMTS environment. 
An important aspect is that services and applications, which are under development today, 
will be functional, even in that system (Europlitan 1999/2000).  

5.1.3 I-mode 
I-mode constitutes the best evidence, so far of applications demanded over the mobile 
Internet. Knowledge about i-mode could be valuable when determining how to approach an 
effective WCDMA launch strategy. 
 
I-mode is a service offered by the Japanese telecom operator NTT DoCoMo. Since the in-
troduction on February 22 1999, the number of subscribers has grown to incredibly 
21,356,000 (http://www.nttdocomo.com). 
  
The volume of voice traffic is predicted to decrease. In 2002, it is predicted to be lower than 
55 % and in 2003 voice and data traffic is estimated to be about the same. E-mail is the most 
popular data service and stands for approximately 40% of the mobile data usage (Scott & 
Irvine 1999). The supply of other services and applications includes transactional (e.g. mo-
bile banking), information (e.g. news) and entertainment (e.g. karaoke and network games) 
services (Ericsson et al. 2000).  
 
The networks handle packet-based data and the user is charged per byte. An i-mode sub-
scription costs ¥300/month (i.e. ≈ 26 SEK/month) with an additional charge of ¥0.3/ 
packet13 (≈ 0.03 SEK/packet) sent (Scott & Irvine 1999). 
 
                                                 
13 128 bytes. 



 25

Some services include specific value added, meaning an extra monthly fee paid directly to 
NTT DoCoMo, who keeps about 9 % of the payment. The rest is transferred to the content 
providers (Mörk & Wennerström 2000).  
 
The average monthly i-mode bill is ¥10 883 per user (≈ 927 SEK)14 (Mörk & Wennerström 
2000). This figure is related to the personal budget and peoples’ ability/wish to spend money 
on mobile services. It could also be recognized that people’s propensity to spend money on 
mobile usage has increased with the introduction of i-mode since an ordinary voice bill is  
¥8 250 (≈ 702 SEK).  
 
To summarize the success story of i-mode, there are two important conclusions to be made, 
which are useful with GPRS and UMTS at hand.  
 
First, NTT DoCoMo, which is the owner of the network, is the receiver of most revenues. 
This is, because voice stands for the ma jor part of the revenue stream. The rest comes from 
service charges, data traffic and billing commissioning. Only a small part of the total revenue 
is shared with the content providers. 
 
Consequently, content providers create value, but receive little revenue. Evidently, this has to 
change if UMTS is supposed to be an attractive market opportunity for content providers. 
Yet, it is unsure how to proceed; all-inclusive rates, hardware subsidization, pre-paid or bun-
dling of services by mobile data providers could be alternative business solutions to consider. 
 
However, performing strategic business plans for UMTS, entirely based on experiences from 
i-mode might be risky. There are cultural differences between Europe and Japan that cannot 
be ignored. 
 

5.2 Applications, Resources and Quality of Service 
Applications enabled by WAP, i-mode and GPRS are not very resource demanding, com-
pared to real-time traffic such as IP-telephony and videoconferencing. Furthermore, real-
time services demand guarantees regarding QoS. However, some applications require more 
from the network than others do.  
 
Services like IP-telephony are only functional if enough bandwidth is reserved along the en-
tire path between two users, so that the end-to-end delay does not exceed 500ms, which is 
critical for the human perception.  Besides, only insignificant jitter is allowed (Ericsson & 
Persson 2000).    
 
Videoconferencing requires a minimum bit rate, but will generate frequent peaks in the data 
load. Moreover, audio, video and data must be synchronized, but there are however no pos-
sibility for retransmissions, since the communication takes place in real time. Damaged mes-
sages could be repaired by the video codecs.  
 

                                                 
14 www.tullverket.se/vaxelkurser/21_31mars2001.htm 
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Streaming media could be divided into sub-streams thanks to layered coding schemes. Hence 
this could guarantee the client some basic quality and a higher quality if resources allow it 
(Engman 1999). This means that the media could be delivered to the customer with varying 
quality. Some users may be satisfied with that, while others will not.  
 
Services such as ordinary file transfers cannot tolerate losses and delays and jitter in the 
transfer do not affect the perceived QoS notably.  
 
Below, some applications/services are listed, aiming at describing the variety in QoS re-
quirements. It should be noted that the demand for resources fluctuates over time, which 
means that the support for QoS could be dynamically allocated (even for a single applica-
tion).  
 
Type of Appli-

cation 
 Delay/Jitter 

Tolerance 
 Loss 

Tolerance 
 Bandwidth 

IP telephony  Low/Low  Low  Hard bw guarantees 
Video Confer-
encing 

 Low15/Low  Low  Hard bw guarantees 

Interactive 
games  

 Very low/-  Very low  Guarantees 

Online banking  Very low/-  Very low  Hard bw guarantees16 
Adaptive (e.g. 
ftp) 

 Moderately/-  Very low  Guarantees 

 
Table 7. Some applications/services with corresponding QoS requirements 

 
Brandt et al. (1999), divides the traffic into four categories. The classes are listed below and 
they are suggested to the ETSI as possible bearer services for the UMTS. The groups all 
have unique demands on real-time performance, bandwidth, throughput and availability. 
 
• Background traffic, e.g. e-mails, SMS and downloads from databases. 
• Interactive traffic, e.g. web browsing and data requests from remote equipment. 
• Real-time streams, e.g. real-time video/audio (always one direction). 
• Real-time conversation, e.g. speech-telephony, VOIP (always between human peers). 
 
Since the radio frequencies are scarce, compression techniques like MPEG-4 and H.263 will 
be very useful in order to decrease the required bandwidth on the underlying network. How-
ever, replaying compressed streams obliges significant computing power. A 200 MHz Pen-
tium 64 MB can hardly handle more than a 1.5 Mbps H.263 coded video (Engman 1999). If 
the streams are uncompressed, less computing power is needed at the expense of increased 
resource consumption. Here is a collection of applications and their corresponding band-
width needs. 
 
 
                                                 
15 Broadcast information could though be buffered at the destination, which makes it rather insensitive to de-
lays. 
16 Transactional 
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Applications  Bit rates (Mbps) 

Real time audio streams (CD quality) (Ericsson & Persson 2000)   1.411 
Mp3 sound (CD-quality) (Ericsson & Persson 2000)  0.128 
Mp3 sound (radio-quality) (Ericsson & Persson 2000)  0.056 
Mp3 sound (telephone-quality) (Ericsson & Persson 2000)  0.008 
MPEG-1 video coding (Ericsson & Persson 2000)  1.86 
MPEG-2 video coding (VHS quality) (Ericsson & Persson 2000)  2 
MPEG-2 video (DVD quality) (Engman 1999)  4-6 
MPEG-2 video coding (PAL quality) (Ericsson & Persson 2000)  4 
Uncompressed PAL (Engman 1999)  216 

  
Table. 8 Some real-time applications and their corresponding bit rates 

 
Obviously, the need for quality support is nothing given. It depends on what the customer 
has in mind and subjective perceptions about what constitute good quality. Hence, what is 
meant with service guarantees differs from one service to another. In the next chapter, the 
concept of QoS will be further investigated.  
 

5.3 Conclusions 
The experiences obtained so far considering mobile communication over packet switched 
networks (WAP excluded) come from early trials of applications and services admitted by i-
mode and GPRS. Common for them is that voice is the uttermost demanded service and 
that e-mail is the most attractive non-voice data service. Another important aspect, especially 
regarding i-mode, is that the average age of the users is remarkably low. That means that 
people in their teen ages could be the most potential user group in a future perspective. 
 
There are several lessons to be learned from WAP, i-mode and GPRS that could actually be 
valuable to bear in mind when introducing UMTS. Here are some of those observations: 
 
• Portals to the mobile Internet have a more prominent role compared to portals to the 

traditional Internet. 
• The success of the mobile Internet is more dependent on classes of service than on mo-

bility enabling technologies. 
• The time-consuming set-up times over circuit-switched connections are disturbing. 
• Prices incorporate impediments to usage. Besides, forecasting the price for utilizing sim-

ple services such as reading the newspaper turns out to be tricky. 
• The market as it looks today is not very appealing to content providers, since most of the 

revenue stream goes to the network operators. This ought to change, since the margins 
on data services are more tempting (see SMS and GPRS prices). Furthermore, coming 
UMTS investments are supposed to be financed to a great extent by content. 

• The average monthly bill has increased (see i-mode). 
 
It is also crucial to understand that different services have different requirements on the 
network, even though many of them possess real-time traffic traits. IP telephony requires 
insignificant delays and jitter and tolerates only minor packet losses. Videoconferencing is 
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only performable if a minimum constant bit rate is guaranteed. Moreover, audio, video and 
data must be synchronized. Services such as ordinary file transfers cannot tolerate losses. 
Delays and jitter in the transfer do however not affect the perceived QoS notably. Hence, 
charges must take these heterogeneous characteristics into consideration, since what is meant 
with service guarantee differs from one service/application to another. 
 

6. Quality of Service (QoS) 
QoS is a blurred concept, but proves to be very important for many applications and ser-
vices in a UMTS context. Unfortunately, there are numbers of definitions of QoS, which 
certainly does not make the situation easier. 
 
According to ISO 8402, quality is interpreted as the “totality of characteristics of an entity that bear 
on its ability to satisfy stated and implied needs” (Kokkonen 2000, p.4). The definition according to 
ITU-T, E.800 “The collective effect of service performance which determines the degree of satisfaction of a 
user of the service” is perhaps more useful in the context of mobile communication (M3I 
2000b, p.9).  
 
Usually, QoS is often confused with what people frequently call service quality. However, 
there are differences, depending on which view is taken. QoS is more appropriate when 
studying the communication services17, while the notion of service quality is referred to as 
the service delivered in the interaction between a user and a service provider.  
 
What is meant with “service” is another reason for misunderstandings. First, service levels 
may vary substantially from one service provider to another. Second, two customers might 
have completely different perceptions of the same service. Consequently, when defining 
QoS, it is critical that what is actually meant is generally accepted. Hence, the provisioning of 
an end-to-end QoS is very important in the eyes of the consumer. This is tru e irrespective of 
whether the bottleneck is in the radio spectrum or if the traffic is exposed to congestion in 
any other network. End-to-end QoS is further discussed in section 6.1.  
 

6.1 End-to-end QoS  
The mobile traffic passes several networks when it is transferred from one end-user to an-
other. The obvious question is how to allocate resources along the entire path. End-users 
ought to be guaranteed some objective service level dedicated to a specific service or applica-
tion. The obvious question though, is how the resource allocation is supposed to be ar-
ranged. The task is challenging, since traffic passes several networks on its way from one 
end-user to another (see section 4). Even if traffic passes national boarders, service levels 
must be preserved.  
 
ATM was originally designed in order to deliver real-time services, supporting well-defined 
traffic classes (see background). The trend is however in favor of IP (see section 4). Some 
type of connection-oriented IP must be designed, in order to resemble the connection-

                                                 
17 QoS is explained by technology and capacity issues and is charged for according to well-established contracts 
(SLAs). 
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oriented ATM (Brandt et al. 1999). How could then an end-to-end QoS be offered in prac-
tice? Vrins (2000) mentions three main alternatives: 
 
• Select the path based on SLAs18 (Service Level Agreements)  
• Pre allocate resources and assign individual bit streams to exclusive19 paths. 
• Adapt paths to network utilization.  
 
The first two are intimately related to the notion of traffic engineering, while the last one is 
related to IP routing, which is the only manageable alternative currently. 
 
The question though remains where to physically locate the measurement of throughput and 
latency etc. It is also unsure what should be measured or controlled (packet loss, collect byte 
counters etc.) and when to measure (real-time or any other time scale). 
 
Hence, what is actually needed in the future is a worldwide connectivity, presumable IP, in-
cluding excellent coverage and well-established QoS contracts. There are many ways this 
could be realized. In case of global management, the service provider could build a network 
by itself, create joint ventures, join a consortium or purchase services from other service 
providers (Vrins 2000). 
 
Interconnections could be established in different ways. Either, they are constructed by mu-
tual agreements, which is characterized by lengthy, tiresome processes. There must be 
agreements about SLAs and technical design topics. Clearinghouses (see section 9) aim at 
finding the common denominator service, making SLAs hard to achieve. Finally, standard-
ized bilateral agreements are comparatively easy to implement. A possible drawback could be 
a limited supply of service classes, required by certain applications (Vrins 2000).  
 
Interconnection agreements must describe service features, the technical design aiming at 
fulfilling the negotiated services and what business model to use, including pricing, account-
ing and settlement issues. 
 
The most well known proposals, which enable QoS between end-users, are IntServ (Inte-
grated Services) and DiffServ (Differentiated Services). They are described in section 6.1.1. 
and 6.1.2 respectively. 

6.1.1 IntServ 
Integrated Services (IntServ) offers QoS, since resource requirements associated with a cer-
tain application is reserved in advance along the entire path across the network(s). There are 
two main traffic classes, i.e. controlled load  and guaranteed service (Ericsson & Persson 2000). The 
first enables relative priority and the second treats traffic in line with beforehand given pa-
rameters, like delay and transfer rates. Resources are reserved along the path by protocols 
like RSVP (Resource Reservation Protocol). This is illustrated in Figure 5. 

                                                 
18 SLAs are agreements on the management level. 
19 Both different and disjoint.  
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Figure 5. The reservation of network resources in IntServ 

 
IntServ is not suitable for high volume IP traffic, since it requires lots of connection states in 
the routers. Instead this type of architecture is more appropriate for low volume multicast 
applications and on demand reservations for wideband packet flows (Brandt et al. 1999). The 
fact that IntServ complicates installations has opened up for alternative ways to provide 
quality of service. 

6.1.2 DiffServ 
Differentiated Services (DiffServ) provides QoS through traffic classes with inherent priority 
levels. Priority bits are set in the packet headers serving as routing and policing information 
according to Service Level Agreements (SLAs) at the network edge. Since the interior routers 
schedule packets depending on their relative priority bits only, DiffServ is more scalable than 
IntServ (Brandt et al. 1999).  
 
It could be more practical to centralize the resource-handling functionality into a separate 
server called a bandwidth broker. Its purpose is to allocate resources dynamically over the 
network. Bandwidth brokers in different administrative domains communicate with each 
other in order to reserve resources along the entire path. Figure 6 shows features inherent in 
DiffServ. 
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Figure 6. The reservation of network resources in DiffServ 

 

6.1.3 End-to-end QoS in UMTS 
The discussion about QoS has so far remained conceptual. However, what seems to be of 
part icular interest is how to provide end-to-end QoS in UMTS networks. Unfortunately 
there is no single answer. 
 
There are four traffic classes defined for UMTS, i.e. background traffic, interactive traffic, 
real-time streams and real-time conversational (described briefly in section 5.2)20. Traffic, as 
it seems, will not be statically fixed to a certain traffic class. Depending on the temporary 
congestion, traffic will probably switch dynamically between different classes as the supply 
of resources fluctuates.  
 
Before entering, an IP backbone (or a circuit switched equivalent), traffic must be mapped 
against some other service class offering the same quality as in the access network. In addi-
tion, the number of classes may differ from one network to another, making the situation 
even more complicated. This is a critical issue if an end-to-end QoS is supposed to be ob-
tained. 
 
The UTRAN is believed to be the weakest link in the UMTS system due to the scarcity of 
radio spectrum and will therefore constitute a bottleneck (Ouchterlony & Molin 2001). 
However any form of quality differentiation in the radio interface will constitute a significant 
competitive advantage in the future. 
 

6.2 Conclusions 
Many applications require certain levels of QoS. The most important property undoubtedly 
is the establishment of an end-to-end service quality. Even though the radio interface consti-
tute the weakest link and also the most expensive one, the user will be charged for all net-

                                                 
20 Further information about UMTS service classes could be found in (Ouchterlony & Molin 2001). 
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work resources consumed from one point to another. How this is realized, is still unsure and 
the work within this area is still in its infancy. However there are some good proposals in-
cluding for example clearinghouse functions and SLAs. The knowledge about users’ percep-
tions of quality of service and the way it is guaranteed is necessary when deciding upon a 
suitable charging scheme. 
 

7. Demand for Service 
Finding the market demand curve for mobile services turns out to be a difficult task. The 
real world is very complex and dynamic, which makes assumptions and results from such 
studies unreliable. The progress of the underlying technology evolution proceeds continu-
ously, changing the market rules from one day to another. Since customers’ demands could 
change rapidly, precisely drawn demand curves will be superfluous. 
 
The supply of qualitative surveys within the area is insufficient, to say the least. Besides, 
most information within the area is classified, due to its close linkage to the business profit-
ability. 
 
However, this section will investigate how to approach the estimation of market demand 
curves and how this applies to the area of mobile communication services. General factors 
that tend to influence the demand for mobile services are also discussed. 
 
Demand patterns are mainly determined by the overall IT literacy, which fluctuates widely 
between demographic groups. The reason for usage varies and each user strives to attain 
some kind of individual satisfaction, which certainly depends on age, personal budget, price-
sensitivity and profession. Hence, an investigation of parameters associated with the cus-
tomer’s choice seems justified, before getting on with the challenging task of drawing de-
mand curves. 
 

7.1 The Consumer’s Choice  

7.1.1 Values 
The consumer’s choice is the result of subjectively perceived user values. Thus, the market 
must be segmented if the needs of specific user groups or market segments are to be found. 
Of course, the demand for services will strongly depend on whether the user subscribes to 
them as a residential or a business customer. Since more and more people start working at 
home, traditional methods of segmentation will however change.  
 
The perceived value is primarily related to the actual services or applications demanded, but 
also to all other steps through the value chain. The service must fulfill the basic purpose ac-
cording to the user’s needs (e.g. the appropriate information in a timely manner). Here, as-
pects such as service features, the ease of use, price and overall performance are utterly im-
portant. Other features such a s the sales process must be appealing, considering accessibility, 
reliability and knowledge. Moreover, activities that do not have anything to do with the ac-
tual service, as billing and customer helpdesks also tend to affect the perceived value. In 
conclusion the total service management system matters to customers.  
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7.1.2 Age 
People in the same age often have many things in common, both regarding their social lives 
and when it comes to their marginal propensity to spend money on communication services. 
In spite of the relatively high costs for mobile usage, the market seems to be driven by the 
demand of young people. For example, teenage girls are said to be one reason to why i -mode 
has become so successful (Tamm 2000). They use the phone, not only as a communication 
device, but also as symbols that strengthens the personal image. In general, many teenagers 
are so called early adopters, which means that they are among the first to try new interesting 
services/applications. For example, applications like mobile games and downloaded music 
seem to attract youths more than adults. 
 
Adults seem particularly interested in services dedicated for a certain purpose. Applications 
which strengthens the feeling of control, give the opportunity to remotely control things (se-
curity purposes) or simply enables practicality, are typical examples of services that appeal to 
adults (Ericsson et al. 2000). Besides, grown ups can more easily control the money supply 
and the personal budget compared to young people, due to the fixed monthly incomes. 
Budget constraints are further discussed in the next section.  

7.1.3 Budget Constraints 
When it comes to people’s spending on communication services, the budget constraint plays 
an important role. This section will treat the budget constraint as a relative measure, aiming 
to illustrate the logic behind people’s choices when facing more than one alternative.  
 
Customers’ incomes are supposed to cover the cost of many needs. Therefore only a limited 
part can be spent on these types of activities. In order to illustrate individuals’ preferences, 
one can draw indifference curves. They are constructed by connecting bundles of commodi-
ties, (not necessarily physical), between which the customer is indifferent (Katz & Rosen 
1998). The slope of such a curve tells about the marginal rate of substitution (MRS), i.e. the rate 
at which the customer is willing to trade one thing (applications, services, methods of com-
munications etc.) for another. Indifference curves can be drawn through any point, resulting 
in a collection called the indifference map. Points far away to the northeast signify relatively 
higher customer utility. The shape of the curves is determined by a personal utility function, 
given a specific service or application in mind. 
 
Actually, these types of comparisons are necessary for the success of the UMTS business 
case. Imagine that the marginal rate of substitution concerns the relative utility of using 
EDGE compared to UMTS. The willingness to switch from EDGE to UMTS is signified by 
the slope of the indifference curves between the two service barriers. Budget constrains then 
determines the optimal choice of consumption. The way the budget restricts the feasible set 
of achievable combinations of consumption is illustrated in Figure 7. 
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Figure 7. The optimal choice of consumption under a budget constraint 

 
The effect of a change in the relative price twists the budget restraint or shifts it either to the 
right or to the left, depending on if prices rise or fall. The equilibrium point is found where 
the budget line is tangent with an indifference curve. At this point the marginal rate of sub-

stitution equals the relative prices of the services, that is 
y

x

P
P
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To make things even more complicated, the outcome of a change in prices is rather ambigu-
ous, since people’s utility function could look very different. Hence, understanding the mar-
ket behavior proves to be extremely difficult and what is needed is a feedback mechanism, 
which constantly signifies people’s behavior. Tariffs must be reconstructed in line with feed-
back information from the market. The relationship between reserved network resources 
and actually used resources is a typical example of information, which is useful for both 
VASP and operators in their aims at optimizing the usage.  
 
Finally, when the individual demand curves are derived (or at least approximated), whether 
they illustrate specific services or service groups, they can in turn be used in order to derive 
the market demand. The variety in the shapes of such curves will be great. 
 

7.2 An Introduction to Price Elasticity of Demand  
The demand curve embodies important information about people’s reactions to price 
changes. The change in demand caused by a change in price is called the price elasticity of 
demand (Katz & Rosen 1998). This is written as: 
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If the price elasticity of demand is significant, that implies that a small change in price leads 
to a relatively large change in demand for a service and vice versa.  
 
Price elasticity is useful when studying how a change in price will affect the total expenditure 
on the service. As can be noticed the total expenditure may paradoxically be influenced in a 
positive direction (people spend more money on the service) irrespectively of whether the 
price goes up or down. Figure 8 illustrates a decrease in the price for the alternative applica-
tion/service, which could be noticed by the outward twisted budget constraint. What hap-
pens to the usage after the price decrease is unsure, since it depends on the level of utility, 
which differs from one user to another. To be specific, point e3 is further to the left than e1 
in the figure (i.e. the usage of the alternative application decreases despite the lower price, 
whereas at point e2 and e4 the opposite is true). 

 
Figure 8. The money spent on services after a change in relative prices 

 
An increase in usage despite an increase in the price may sound very odd, but the way people 
act is not always rational21. Understanding the human psychology is a most challenging task.  
 
Since determining the demand curve turns out to be difficult, it also includes the estimation 
of price elasticity, by definition. The expression for price elasticity could be written as 

                                                 
21 Another example of the unpredictability of peoples’ demand for services is the sudden and incredible de-
mand for Tamagutchis a few years ago.   
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Q
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∆
∆=ε 22. By using calculus, the discrete change

P
Q

∆
∆  could be replaced with

dP
dQ . The 

expression then looks like, 
Q
P

dP
dQ

*=ε .  

The benefits associated with the latter are when there is an estimated demand curve. Assume 
that the market demand is reflected by a function of the form pAeQ β−= 23, then the price 
elasticity of demand equals -βp. Even if the function just mentioned is derived, there are 
some important factors that tend to affect the price elasticity specifically. Here are three ex-
amples (Katz & Rosen 1998): 
 
1. The price of close substitute for a commodity tends to make demand more elastic. 
2. The elasticity depends on the commodity’s share of the consumer’s budget. 
3. The elasticity depends upon the time frame of the analysis. 
 
However, even prices of other services could affect the usage of a service. Here, a more appro-
priate measure seems to be the cross-price elasticity, which is defined as the change in de-
mand caused by a change in the price for another service.  

 
Here, what seems to be of interest is the existence of complements or substitutes to the ser-
vice or application in question. Further information about these factors is found in Appen-
dix A.  
 
The question then arises, which services and applications are to be recognized as comple-
ments or substitutes to each other. It is possible that a lower price for voice could actually 
cause a dampened demand for text messaging. This would imply that these services are sub-
stitutes. On the other hand, if the price for text messages increases, that could also dampen 
the demand for phone calls. The reason would be that text messages often cause a phone 
call, i.e. an increased price for messages affects the demand for voice negatively. In this case, 
text messages and voice seems to be complements. There are probably lots of other real 
world examples of this kind, which must be analyzed, in order to get a feeling of what a 
change in price might lead to.  

7.2.1 Residential Users 
The price elasticity of demand associated with residential users seems to decrease. The ex-
plosive increase of messaging like SMS constitutes good evidence for that. The trend that 
people do not consider prices very much when making phone calls, seems to include mobile 
telephone usage as well. Today, people seem to be more dependent on mobile phones, com-
pared to fixed telephones than was the case a few years ago. Overall, people use their phones 
more frequently and the average holding times are longer (Europolitan 1999/2000). People 

                                                 
22 Q equals the quantity and P the price. 
23 This type of function must be verified by empirical data.  
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become more and more dependent on their mobile devices, which probably make them less 
sensitive to price changes. 

7.2.2 Business Users 
Business users differ from residential users in the extent to which they are personally respon-
sible for paying the phone bill. As an effect, business users will probably not think too much 
about the time spent online. A qualified guess is therefore that business demand is more ine-
lastic compared to residential users. 
 
Business users make phone calls that are related to the work and indirectly to the firm’s prof-
itability, to the physical location, type of activity and to what extent there are international 
relationships. This ought to be compared to residential users, who first of all use communi-
cation services, for optimizing personal utility. 
 
Ericsson & Persson (2000) refers to surveys regarding price elasticity of demand of fixed te-
lephony, performed during the 70s and 80s. These show that business demand is more ine-
lastic. However, such knowledge must be treated with caution, since mobile traffic in several 
respects differs from fixed traffic. Additionally, the market conditions have changed a lot 
during 20-30 years both regarding regulations and opportunities enabled thanks to high-
speed networks.  
 

7.3 Conclusions  
Predicting people’s demand curves seem very hard, since there are so many influencing fac-
tors. Some of them are the overall IT literacy, age, personal budget (price-sensitivity), profes-
sion but even the total service management system. 
 
What could be done, though, is to determine in what extent services/applications are substi-
tutes or complements to each other and try to figure out the outcomes of individual price 
changes. Moreover, approximated demand curves could be used when estimating the price 
elasticity of demand for each case.  
 
However, there is a contradiction when it comes to prices and demands for mobile ser-
vices. People seem to spend more money on mobile services today, compared to a few 
years ago. On the other hand, lots of free services are taken for granted over fixed net-
works. So far little evidence proves that people are prepared to pay a premium price for 
UMTS applications that are already available over fixed networks. Hence, caution must 
be taken before something like that is taken as given. 
 

8. Traffic 
The aim of this section is to describe some fa ctors behind the traffic environment.   
Traffic scenarios are important mainly for three reasons. These are: 
 
• Network planning  
• Performance analysis   
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• Network monitoring 
 
However, forecasting the demand for traffic proves to be deceptive, since consumer behav-
ior is partly unpredictable (see above). However, what is demanded is a function or a model 
that replicates the traffic environment.  
 

8.1 Traffic Characteristics 
A function, *tA  is proposed to divide the issue into manageable parts, which have certain 
advantages. The function contains information about the arrival rate of requests for different 
applications, holding times, effective bandwidths (described later), reference time factors, 
penetration rates and the number of customers. The relationship is illustrated in the expres-
sion below. 
 
 

 
 

*tA  the traffic load resulting from a group of traffic flows 

ac ,λ      the arrival intensity of application a for customer segment c 

*,, tba
h       the holding time of traffic flow t*, being part of application a 

*,, tbaB      an effective traffic load measure of traffic flow t*, being part of applica-
tion a 

acR ,      a factor describing the reference level compared to an average level for 
usage of an application by customer group c 

ac,ρ      the penetration ratio of application a for customer segment c 

cN     the number of sources in customer group c 
 

 

8.1.1 Arrival Intensity 
Modeling the arrival rates of sessions over traditional telecommunication channels often as-
sumes Poisson like distributions. Such assumptions seem to be inappropriate for modern 
Internet traffic (Fenger 2000). Thus, traffic generated over the UMTS may be quite hard to 
describe mathematically, since it probably includes features, which are partly characterized by 
traditional teletraffic (e.g. voice) and partly something else (e.g. data services). 
 
Generally the arrival rates will grow significantly during the years to come. New subscribers 
will cause parts of that growth. People also tend to use the mobile device more, since new 
services and applications invoke people’s needs and claims. 
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In Yankee Group (2000) some assumptions and predictions are made, regarding the pre-
sumed mobile phone usage 2005 in Europe. 
 
• 95 % of all mobile phone users will be using some form of messaging or e-mail service. 
• 68 % of all users will be using information services. 
• 14 % of business users will be using mobile communication technology for LAN ac-

cess24. 
• Just over 3 % of all users will be using video services. 
• Telemetry applications will contribute with just over 1 % of total service revenue (voice 

plus data). 
 
Of course, network operators as well as infrastructure developers strive to attain good 
knowledge about how to model wireless traffic. Ericsson & Persson (2000) describes a study 
over requests to three web proxies, performed during 1999 in order to find out what applica-
tions are used within the HTTP protocol. Surveys covering fixed network traffic could serve 
as rather good hints about presumable wireless traffic scenarios25. The study presents facts 
about document sizes and request frequencies. It is noteworthy that video stands for less 
than one per thousand of the total amount of requests, but still generates eight percent of 
the total traffic (mean size 1.2 MB). 
 
  HTML  Image  Formatted  Audio  Video  Other  Total 
% of requests  20.6  73  0.54  0.30  0.078  5.5  100 
% of Bytes   19.6  44.7  11.1  3.7  8.3  12.6  100 
Mean size (KB)  10.9  7.0  236  142  1224  26.3  11.5 
Median size (KB)  4.7-5.0  2.2-3.2  6-10  3.6-16  370-440  3.2-24  2.5-3.5 

 
Table 9. Typical applications executed over the HTTP protocol 

 

8.1.2 Holding Times 
Holding time will constitute an informative measure even in UMTS. In ‘all IP’ networks traf-
fic is multiplexed and users could stay online all day (without paying). Consequently, one 
could argue that the value of measuring holding times has declined. Still, there are reasons 
why holding times are informative. For example there are component such as voice coders 
that are locked up for a certain time, during a session (irrespective of circuit or packet 
switched network platforms), which makes the measurement of holding times motivated. 
 
Furthermore, some applications will still ask for circuit switched connections even in the fu-
ture. Streaming applications are good examples, since they demand excellent QoS and cost 
effectiveness26. The average play (holding) time for such an application will probably not be 
very long, due to factors like poor screen sizes etc. Notwithstanding, the amounts of data 
could be quite significant, which is recognized above.  
 
                                                 
24 In Sweden, 30% of the total customer base belongs to the business segment.  
25 Resources restrict what type of services are performed over wireless networks. Moreover, long waiting times 
are not compatible with UMTS applications.  
26 Streaming applications will probably become quite expensive over circuit switched connections.  
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When it comes to packet-based traffic, there is a need to allocate just enough resources in 
order to manage the transfer. Here, the concept of effective bandwidths could be used as a 
conceptual way of approaching the issue at hand.  

8.1.3 Effective Bandwidth 
In Kelly (1995) a charging scheme for bursty high priority connections based on the effec-
tive bandwidth is proposed. The scheme involves trade-offs between the user’s uncertainty 
about traffic manners and the network’s ability to statistically multiplex connections effi-
ciently. 
 
As long as the sum of effective bandwidths is less than a certain level, the resource can de-
liver a performance guarantee, which will be crucial for coming multimedia applications. 
Depending on the load produced by a source within a certain time interval, the constraints 
regarding effective bandwidths varies accordingly. Some sources have strict delay require-
ments and are hence prioritized. The effect is that sources belonging to some traffic class are 
treated similarly. 
 
All sources have some peak rate h and mean rate m. The effective bandwidth of such an ap-
plication is increasing and concave in m for a fixed h, while for fixed m it is increasing and 
convex in h. If h is small with respect to the link capacity, the effective bandwidth ap-
proaches m. In contrast, if h is large compared to the overall capacity, the effective band-
width will get close to the peak rate of the source. How effective bandwidth could be used 
for charging is discussed in section 9.1.2.  
 
Gibbens (1996) illustrates the way the effective bandwidth is dependent on the packet size 
and the time of arrival, by computing the effective bandwidth surface from the Star Wars 
MPEG-1 video trace. Graphs over such surfaces show that the uncertainty about the quan-
tity of data arriving during a particularly small interval of time is reflected in rapidly increas-
ing effective bandwidths.  

8.1.4 Reference Time Factor 
In Iversen et al. (2000) it is discovered that the inter arrival rate of fixed Internet traffic is 
unevenly spread during a day. Obviously there is a peak in the usage between 20-23 o’clock 
in the evening, which is not strange, since that is the time when people are free to execute 
their bank errands, information research, etc.  
 
The UMTS usage could very likely look different from that of the fixed Internet. UMTS of-
fers services and applications, aiming at simplifying the everyday life. People may for exam-
ple execute bank errands during their spare time, (e.g. at lunch or on the bus). Further, trad-
ing results and stock information is typical information that best serves its purpose during 
daytime. An appropriate assumption could therefore be that usage would be more evenly 
distributed during the day, compared to fixed Internet arrival rates.  

8.1.5 Penetration and the Number of Sources 
In UMTS Forum (2000) there is a forecast of the worldwide demand by region for some se-
lected services from 2005 to 2010. Services are classified into different business models, 
which are customized infotainment (mobile portal), mobile messaging services (mobile spe-
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cialized services) and mobile Internet/Extranet access (Mobile ISP). According to the fore-
casts, infotainment stands for the most progressive increase in the number of subscribers 
and revenues in Europe. Table 10 demonstrates a few predictions of the numbers of sub-
scriptions in Europe by 2005 and 2010. 
 

Subscriptions in millions  2005   2010 
Customized infotainment  22.6  100.2 
Mobile Internet/Extranet  7.4  69.7 
Multimedia messaging ser-
vices 

 10.1  43.9 

 
Table. 10 Predicted numbers of subscriptions 2005 and 2010 

 
This prediction does not say much about the Swedish market, but the percentage increases 
will probably be about the same. It should be recognized however that the mobile phone 
penetration in Sweden is about 65 %. Hence the number of additional users will be restricted 
(Mörk & Wennerström 2001). 
 
It is recognized that the penetration of these services will not be very high before 2005. Con-
sidering the mobile Internet/Extranet access, it is said to be slow, since it is targeted mostly 
for the fixed networks. The breakthrough over wireless links will probably wait for relatively 
high transmission rates and better QoS (UMTS Forum 2000). Lack in security will further 
delay a major increase. 
 

8.2 Conclusions  
Since estimating future mobile traffic scenarios turns out to be a very complex research 
problem, one has to study separate parameters, which all contribute with useful information. 
As it seems, the arrival rate will grow much because of a major increase in the information 
requests. The demand for video services is believed to be quite modest, but the traffic gener-
ated per request will be significant. The occurrence of network peak loads (congestion) may 
differ from those of fixed networks, since much of the usage serves the purpose of simplify-
ing everyday life. Thus, perhaps the overall load will be more evenly distributed during the 
day.  
 
However, in order to optimize resource consumption, there are methods, which prohibits 
unnecessary bandwidth allocation. Estimating the so-called effective bandwidth is one of 
them. The main idea is to foster the consumer to better estimate the needed bandwidth. 
Otherwise, he is subjected to a higher fee. The concept of effective bandwidth seems to be a 
bit too abstract for the average user. It however serves as a good conceptual example of how 
bandwidth could be allocated.  
 
The penetration will also increase during the next ten years. For example, the number of 
Internet/Extranet subscriptions is forecasted to be eight times as many in 2010 compared to 
in 2005. The number of infotainment and multimedia messaging subscriptions is predicted 
to be approximately five and four times as many in 2010 as in 2005 respectively. The growth 
will probably not be very rapid in the beginning, partly because of lacking transmission rates, 
QoS guarantees and security issues.   
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9. Charging 
Often there is a mismatch between the technical and the business approach to charging. The 
assumed increase in the distribution of content in 3G networks will ask for charging bases 
which take the individual application or service into account. Thus, the way these activities 
are charged for will vary from case to case. However, people in general do appreciate charg-
ing schemes that are easy to understand and that well suits their personal habits.  
 
Perhaps, the problem is not essentially how to measure actual usage, even though it will re-
quire the storage and computation of vast amounts of data. Instead the main problem might 
be to decide upon what to charge for. There are certainly parameters, which are more impor-
tant than others, but revealing them in this early stage is not allowed, due to confidentiality 
policies. 
 

9.1 A Charging Framework 
What is needed is a charging framework, which is independent of particular business models 
or purposes of the single actor.  
  
In the future, the value chain in the area of telecom and datacom will be extended. Hence 
the number of chargeable events will presumably increase. A possible scenario is that the 
customer loyalty will decrease and that the switching between different operators, content 
providers and so on, will become much more frequent compared to today.  
 
This in turn will ask for some kind of generic scheme, that is able to charge the customer in 
real-time. However, much of the functionality of the network is still needed. For example, 
the customer should still be given the opportunity to trace faulty transactions and control 
accounting. At the same time the customer must be aware of the cost for his usage. Here, it 
is up to the service provider to negotiate debt and credit policy depending on the sub-
scriber’s creditworthiness. 
 
Ericsson is one of the leading vendors, regarding charging in the B2C interface. (i.e. towards 
the end user).  

9.1.1 A Real- time Charging Mechanism 
Real-time charging can be realized by a combination of the charging control function and an 
on-line communication between the serving network element and the charging function.  
 
The end user requests a chargeable event, invoking the serving element to send charging pa-
rameters to the charging function via an on-line protocol. In the charging function some 
type of credit check or pre-reservation is performed. Meanwhile, the serving element is 
placed on hold. At last, the charging element is sent from the charging function back to the 
serving element and the request is either performed or stopped.  
 
At the moment, the Advice of Charge (AoC) by 3GPP (www.3GPP.org) is one of few stan-
dards, for real-time end-user charging.  
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9.1.2 The Charging Function 
The number of charging functions is large. However, there are some general characteristics 
that are valuable to bear in mind when searching for a well functioning charging scheme.  
 
First, if there is a tariff that is based on the mean rate of a traffic flow, there will be no incen-
tives for the user to limit the max rate. Similarly, if the tariff is based on the max rate, there 
will be no incentive to limit the mean rate27. However, charges based on effective band-
widths do in fact take both these restrictions into account and determines the ideal capacity 
requirement for a given service, i.e. the customer only pays for the prediction of his own us-
age.  
 
Kelly (1996) has proposed a charging scheme that is based on usage according to: 
 

 
where T = time, V = volume and a, b, c are per-time, per-volume and fixed charges respec-
tively. 
 
The parameters a and b are determined according to Figure 9 below (i.e. where C/T is tan-
gent to the effective bandwidth). 
 

 
Figure 9. Kelly’s abc charging 

 
Thus, improved predictions of the traffic characteristics of an application leads to decreased 
costs per unit time, since the effective bandwidth is reduced. The concavity of the functions 
representing effective bandwidths is related to the peak rate of the sources. The higher the 
peak rates, the more concave is the function. That is, the incentive to accurately estimate the 

                                                 
27 There will probably be some kind of policing function involved.  
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mean rate of a call increases. If the peak rate is low it will simplify statistical multiplexing and 
hence the need to predict the mean rate exactly becomes less important.  

9.1.4 Charging for Content  
In Sweden, the supply of content is not very extensive compared to countries like Japan. 
There, i-mode provides hundreds of accessible applications offered by equally many content 
providers. Along with the evolution towards more resource requiring applications, the ques-
tion appears whether these are to be charged based on capacity consumption or perceived 
user value. This may be crucial for the success or failure of the UMTS business case.  
 
A service provider could buy content and resell it to the subscribers or arrange access to it. 
The revenue is shared between them, or else the service provider could simply add a margin 
to the content price. It seems as if application-based charging is more flexible compared to 
pure usage base charging, which is the same irrespective of content. The reason is that appli-
cations consume radically different amounts of network resources. That does not mean that 
the applications are very diverse when it comes to perceived consumer value. SMS is a very 
good example of a service, which consumes negligible amounts of network resources. Still, 
the price for a maximum of 160 characters is in the order of 1 SEK. If applications like mu-
sic or videoconferences were to be charged accordingly, they would never enter the market 
for content.  
  

9.2 M3I (Market Managed Multi-Service Internet) 
The M3I is an ongoing project under the European Union’s Fifth Framework Program28. Its 
objective is to investigate a system for Internet Resource Management. Specifically it enables 
differential charging for multiple levels of services, offering the customer several choices of 
price, quality and reduced congestion.  
 
The markets for differentiated services could be more effective since tariffs are communi-
cated and validated in real-time. An application requiring a high level of QoS could be 
charged accordingly and bad congestion effects are avoided. The model illustrates that any 
user is allowed to send large amounts of bursty traffic, without compromising the right of 
any other user to do the same thing, as long as the user pays a premium for that opportunity. 
The need for priority queues, large buffers within the network and acceptance control at the 
border is eliminated. The end nodes convey the congestion status in the network 
(www.m3i.org) 
 
The M3I project presents some direct benefits for both customers and network providers. 
Providers will face stronger competition, which means better price and QoS offers. There 
will also be a real-time feedback of the charges. The provider will be able to charge the user 
dynamically to encourage flexible usage of existing network resources.   
 
Overall, the project illustrates a three-tiered model, including an Enterprise Policy Layer 
(business cases), an Application and Middleware Layer (offer, maintenance and update) a nd a 
Service Provisioning Layer (including the technical infrastructure) (M3I 2000b). 
                                                 
28 Participants: Hewlett-Packard Ltd, (Coordinator), BT Research, ETHZ, Darmstadt University of Technol-
ogy, Telenor and Athens University of Economics and Business  
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9.3 The M3I Architecture 
This section investigates the charging architecture proposed in the M3I project. First, some 
general principles are described, which are considered to be fundamental for the further 
presentation. The architecture is a template model, which tries to illustrate the philosophy of 
real-time charging and pricing (M3I 2000a).    
 
• Granularity: When possible, the charging and the service granularity should be the same, 

i.e. if services are provided on a per packet basis, charging should be based on the num-
ber of packets consumed.  

• Commercial openness: Protocols related to commercial decisions must be implemented 
at the application layer, in order to give the service providers the opportunity to differen-
tiate themselves.   

• Edge pricing: Each contract (pricing, responsibility of failure, charge advice etc.) is fo-
cused on a single provider-customer interface. Hence the customer is given an incentive 
to behave as the provider desires through price control.  

• Scalability: Compute intensive operations should be distributed as far to the network 
edge as possible, in order to enable many different compositions of systems.  

 
In the model, the traffic could go in either way between different actors, and the network 
service could be seen as a function that routs and forwards traffic. 
 
The different network functions could be dedicated to a single customer, but it seems likely 
that many persons in the same market segment have the same preferences. In this case, the 
functions are identical to many users with similar requirements. Consequently, the provider’s 
enterprise policy will presumably take many customers’ demands into account when estab-
lishing a certain policy. The same is of course true for the customer’s policy function, which 
take more than one provider’s offer into consideration.  
 
The business interactions between customers and providers are managed on the business 
level. It even handles tasks such as pricing and service plans. On the application layer, com-
munication services are provided and charged for according to customer demand (M3I 
2000b). This layer abstracts away from the technical details of the network, which is taken 
care of by the Service-provisioning layer.   

9.3.1 Usage Cases 
The edge-centric usage case starts with an offer (one per market) from the service provider. 
It also establishes the pricing of these services and how it may change as demand varies. The 
offers are placed in a public offer directory. In parallel, the customers set their own buying 
policy for the applications in question. This is done in the customers’ policy agent.  
The agent configures a price reaction function along with its QoS control policy for a par-
ticular service and tariff. On the provider’s side the charging and accounting system is con-
figured according to the offer acceptance.  
 
When the user starts using the network, the QoS manager keeps the traffic within its QoS 
policy, thanks to a metering function. The measured load is reported to the price reaction 
subsystem, which in turn regulates the QoS policy.  The provider also performs metering in 
order to know how much to charge the customer. The revenue obtained is reported to the 
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price setting function, where prices change dynamically depending on the network load (M3I 
2000a).  
 
There is also a so-called edge-control usage case, where the main difference is the lack of 
charging activity at the customer. The customer instead relies on a specific charge advice 
feedback, from the provider. Only the provider meters the traffic, which means that the cus-
tomer has no chance checking its accuracy (M3I 2000a). 

9.3.2 The Inter-Network Usage Case 
The inter-network usage case illustrates how market control can be found between two net-
work providers. Taking consideration to more than one network provider seems realistic, 
since it is probable that the number of network owning actors in the future will exceed one.  
 
In this scenario the QoS is not altered instantly. Instead the price reaction function is for-
warded to the next provider’s price setting function. The next provider is treated as a cus-
tomer in the eyes of the first provider. However, when the service is forwarded (now to the 
end customer), it takes the role of a provider. The set-up of enterprise policies is similar to 
the previously described cases. They will probably be phrased in terms of aggregate meas-
ures, compared to single packets or flows. It is also probable that differentiated prices will be 
published, depending on traffic class etc. (M3I 2000a). 

9.3.3 The Risk Broker 
The risk broker is an agent, who takes the full end-user relationship from the network pro-
vider and offers charging, pricing and service interfaces. The risk broker re-sells network 
services and monitors the traffic flow in order to affect the QoS. The risk broker looks for 
the best offer from a number of network providers. This could be realized by the operation 
of a router in order to switch providers depending on the most beneficial price.  
 
The broker sets its own pricing policy and forwards an offer of guaranteed service. The sold 
capacity appears to be reserved, but it is in reality a combination of services, which the bro-
ker buys for congestion-based prices from service providers. The longer the customer is 
connected, the greater the risk for the broker. Thus prices per unit time increases. Alterna-
tively, the risk broker can offer a constant price independent of the duration of the session 
that on average covers the risk. 
 
The message sent from the customer, asking for a certain QoS, reminds of that for an RSVP 
message, but it is implemented as an application layer protocol. In summary, the risk broker 
adapts two different charging schemes. The one representing its provider aspects is based on 
the principles of the ‘abc’ tariff (see above). The other, which monitors its role as a cus-
tomer, is represented by a congestion pricing mechanism. The risk broker’s customer-side 
charging system is logically separated from the provider side (M3I 2000a). 

 9.3.4 The Clearinghouse 
The clearinghouse usage case involves at least five stakeholders: the ASP (application service 
provider), the end-customer, two network providers and finally a clearinghouse. 
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The providers offer their prices to both the end-customer and to the clearinghouse, whose 
primary business is to accept offers from multiple providers and retail it as a combined end-
to-end service offer. 
 
The clearinghouse might take responsibility for the network service it retails. If the service 
degrades for some reason, it intermediates between the provider and the customer. Perhaps 
the customer is given refunds, while the provider is requested to improve the network per-
formance. 
 
When the ASP has recognized the offer, it releases its own offer to the end customer who is 
charged both for the QoS transmission and the application usage. The latter charge may be 
based on the time spent playing a network game or the logs of a video server for example 
(M3I 2000a). 
 

9.4 CAS (Charging and Accounting System) 
This section will give a brief description of the charging and accounting system proposed in 
the M3I project (M3I 2000b). In order to make this a reality, lots of technical components 
are needed. However, the CAS architecture must be service independent, to enable future 
extensions of services.  
 
Three different levels of charging are included in the model. First, there is a transport charge 
(access charge), which commonly is based on the underlying infrastructure. Second, the ser-
vice charge is located on top of the transport  charge and allows a distinction of separate ser-
vice classes, with different QoS requirements. Third, the content charge relates to the ac-
counting of information, such as reading or copying, which needs to be paid for.  
 
The scenario deals with interconnected service providers, whose networks include this 
equipment. The model is so far insufficient, since many issues including for example multi-
cast and security problems are outside the scope of the project. 
 
The ISP’s network consists of metering, accounting, charge calculate and billing functions. 
The metering could be handled by single units in the network, but could also be integrated in 
the routers. The measured traffic, which most likely is mediated into a more suitable form, is 
sent to the accounting system. Multi-service accounting must be supported and therefore the 
incoming data must be separated according to service classes. Thereafter, the information is 
forwarded to the charge calculate function, where the charge is obtained, by looking up the 
price for the utilized service. M3I (2000b) lists further characteristics, among other things the 
ability to present predictability of charges, allow for different business models and fraud pro-
tection.  
 

9.5 Conclusions 
Clearly, different charging schemes could be used for different purposes and all of them suit 
some applications and services better than others. A general perception is however that the 
importance of usage based charging will dominate in UMTS networks. 
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The number of chargeable events will increase, along with new actors on the market for mo-
bile communication. Moreover, customers’ loyalty to single providers is predestined to de-
crease. Therefore, subscriptions might become less useful as charging bases. 
 
Much focus is put on how to charge the customer in real-time. How this is actually tried out 
in detail is so far not clear, but there are some statements on how it will be done. If a scheme 
is based on the mean rate of a traffic flow, there will be no incentives for the user to limit the 
max rate. Similarly, if the scheme is based on the max rate, there will be no incentive to limit 
the mean rate. Effective bandwidths do in fact take both these restrictions into account and 
determines the ideal capacity requirement for a given service. 
 
The M3I project is one of the most rigorous experiments so far regarding Internet charging. 
It illustrates that charging must be carried out through mutual agreements between the cus-
tomer and the provider. Thanks to inherent features of dynamic pricing, the demand for ser-
vice will always equal the current supply thanks to the price mechanism. 
 

10. Pricing  
Enormous amounts of money have been spent on the 3G business case including licenses 
and the planning/development of terminals and systems. The market approach regarding 
GPRS is hence utterly crucial for the success or failure of the UMTS. It is vitally important 
to price usage in a way that corresponds well to customers’ willingness to pay for the ser-
vices.  
 
GPRS applications and their corresponding charging are motivated starting points in several 
senses. First, an adequate course of action could be to compare what effects GPRS charging 
will have on traditional mobile telephony. Second, it reveals the prices of future applications, 
given today’s charging structure.  
  

10.1 GPRS Pricing 
Europolitan recently released two new subscription types, i.e. GPRS WAP and GPRS surf29. 
GPRS WAP suits persons who primarily use their phones for small transmissions via a WAP 
server. If the volume of transmitted data is comparatively larger, GPRS surf is recom-
mended. The actual transmission rate varies during the session, since resources are allocated 
dynamically, depending on the number of free GSM channels.  
 
Prices related to GPRS usage (Europolitan), consist of a subscription fee, a fixed monthly 
fee and a fee for the data volume transmitted according to Table 11 (www.europolitan.se). 
 
 
 
 
 

                                                 
29 These are primarily focusing on the consumer market, but GPRS could also be chosen as a complementary 
service to ‘Business Partner’, ’Företag 2.2’ and ‘Europolitan’. 
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  Start fee 
for con-
versation 

 Price conver-
sation30 
SEK/minute 

 Price 
data 
SEK/MB 

 Monthly 
fee, SEK 

 Addi-
tional 
fee, >24h 
per hour, 
SEK 

GPRS WAP           
workdays           
(07-19) o’clock  0.32  1.82-1.98  140   175   2  
 (19-01)      0.32  0.90       
 (01-07)  0.32  0.55       
Other days            
(07-01) o’clock  0.32  0.90       
(01-07)  0.32  0.55       
GPRS SURF    See above  20   295   2  
 

Table 11. Prices for GPRS usage 
 
Charging and pricing still constitute unclear factors in the early adoption of GPRS though. 
For example, announcing the price for reading the newspaper turns out to be speculative. 
According to Europolitan, an hour of “wap-surfing” corresponds to about 0.1-0.2 megabyte 
of downloaded data, depending on the amount of information on the actual site (Lindqvist 
2000). The price for such usage corresponds to 14-28 SEK in case of a GPRS WAP sub-
scription and 2-4 SEK with GPRS surf.  
 
In Sweden, people generally request useful applications, such as e-mail and other types of 
messages. An email sizing 4 KB (without unnecessary HTML code and attachments) would 
cost 0.53 SEK and 0.076 SEK, with WAP and surf respectively. At a first glance, these prices 
seem reasonable. 
 

10.2 Pricing and Traffic Traits 
Applications, including for instance streaming services, require strict support of quality of 
service (see above). It is not apparent how operators/service providers should price such 
actions. There are many reasons why this question ought to be further investigated (Ericsson 
& Persson 2000): 
 
• The resources consumed do not correlate well with today’s prices for packet-based ser-

vices. 
 
• There must be some match between perceived customer value and actual prices. 
 
• The flow of money between the actors must be distinguished.  
 
• The extension of QoS differentiation between market players is so far unknown. Hence, 

competition about customers, related to quality issues, will probably arise. 

                                                 
30 Connections to operators other than Europolitan will suffer from an additional switching cost of 2.90 SEK.  
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• Some applications demand specific service classes. Hence, there must be a supply of al-

ternative service classes and different prices for those. The effective-bandwidth charging 
scheme serves as good base, since the customers are encouraged to choose the optimal 
service class. (See above). 

 
• The trend towards bundling (i.e. you pay one fee for a portfolio of services/applications) 

must be closely analyzed. The bundling of applications, which radically differ regarding 
resource consumption into one service class, may in fact be ineffective to corporate 
revenues. 

  
Applications and services, described in section 5.2 above, point at the problem of combining 
resource requirements, QoS issues and pricing. Table 12 presents the prices for using 
(streaming) the applications over today’s GPRS networks (Ericsson & Persson 2000), (Eng-
man 1999). Even though, the example stands out as unrealistic, due to the comparison of 
existing prices and future applications, it serves as valuable information open for further 
analysis. The results are based on the GPRS surf subscription (fixed fees excluded). Obvi-
ously, these applications will never enter the market, given the prevailing prices. 
 

Applications  SEK/Minute 
Real time audio streams (CD quality)   1693 
Mp3 sound (CD-quality)   154 
Mp3 sound (radio-quality)  67 
Mp3 sound (telephone-quality)  10 
MPEG-1 video coding   2232 

 
Table 12. The price per minute for a couple of streamed real-time applications 

 
One could argue that the price per bit has to decrease in the future in order to make certain 
usage attractive. However, this may not be the case, since the price per bit is predicted to 
stay constant, even in a UMTS context. If the bandwidth is increased hundred times, the 
corresponding cost will increase hundred times as well (Zirn 2000). 
 
Assume that music files are downloaded and stored at the terminal instead. This alternative 
does not seem too appealing either, given the prevailing prices. An average mp3 file is about 
5 MB, which corresponds to a price of 100 SEK/track. Say, the price per MB would be 3 
SEK. In this case, a song would cost about 15 SEK to download, a rather “fair” price com-
pared to that of an ordinary CD record. 
 
This discussion highlights the importance of pricing services according to perceived utility. 
Next section deals with the notion of cost vs. value based pricing. 
 

10.3 Cost Based vs. Value Based Pricing 
Content in general is priced in a way that does not equal the cost of providing it, due to peo-
ples’ willingness to pay for it. The example often referred to is data transmitted over SMS, 
which accounts for about 7% of the operators’ incomes (Affärsvärlden 2001). Evidently, 
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customers pay for some indefinable perceived added value (see section 6.1.1), which turns 
out to be appropriate as long as the price for the service covers the cost of providing it. 
 
Certain services of future interest are so far not compatible with the UMTS environment. 
This requires a thorough study of feasible ways to determine the correct price. Such a discus-
sion is performed in Ericsson & Persson (2000), considering fixed Internet solutions. The 
logic of it happens to be equally applicable to this work. In Table 13, some of those pricing 
examples are listed with associated characteristics, benefits and drawbacks. 
 

Price Method  Characteristics  Benefits  Drawbacks 
 
 
 
Markup price 

  
 

( )saleoret
tunit

..1
cos

−
 

 
Unit cost = variable 
cost + fixed 
cost/units sold 
 

 • All customers 
face the same 
price. 

• The cost is 
easy to deter-
mine. 

 Since the current de-
mand, perceived value 
and competition are 
left without considera-
tion, this method will 
hardly lead to an op-
timal price.   

 
Target-return 
price 

 

unitsales
ROItunit *cos

 

 
ROI = Return on 
investment 

  
The same as 
above 

  
The same as above. 

 
Table 13. Two pricing philosophies and their corresponding benefits and drawbacks 

 
There are some general risks associated with cost-based pricing in general. First, by adopting 
this pricing method there is a chance to lose ground to competitors having lower costs.  
 
Ericsson & Persson (2000) (p.28) also point out that “…if one services class generates a 
higher added customer value than the difference in cost for providing the service, then 
strictly implementing cost-based pricing causes the company to forego an opportunity to 
obtain higher revenues.” 
 
The notion of value-based prices will probably receive more attention as pricing is cleared in 
a real-time manner. With that, prices could be adapted to the current customer demand. The 
fact that services are getting more personalized also support this statement. The operators 
can find out about customer’s willingness to pay for a service thanks to price discrimination. 
How this is performed is further investigated in 10.7. 
 
Next section will look at budget constraints and people’s willingness to spend money on 
mobile services.  
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10.4 Budgets 
Individual preferences (see section 5) and budget constraints determine the actual behavior 
of the customer. The outcome coincides with the highest feasible level of personal satisfac-
tion. According to chapter 3, there are numerous actors on the market for wireless commu-
nication. All of them exist for one reason only: to optimize revenues. In each step of the 
value chain a charge is added, that is, the price for usage in the eyes of the consumer consists 
of several “sub-prices” added along the way. Figure 10 illustrates the margins added by con-
tent, service and the network providers.  
 

 
Figure 10. Each actor’s share of the customer’s spending 

 
As can be seen, customers possess a certain budget, which is aimed for the expense of com-
munication services. In the short run, this can be treated as fixed. Though, surveys, such as 
Mörk & Wennerström (2001) support the hypothesis that the average monthly bill increases, 
due to the introduction of data services. Factors such as the overall level of national inflation 
and the percentage change in public incomes could perhaps affect spending in the long run.  
 
In order to price future UMTS services correctly it, could be instructive to learn from cus-
tomer demand and price levels of GSM telephony and GPRS services. According to (Euro-
politan (1999/2000), the average revenue per user and month, in the beginning of year 2000 
was somewhere between 500-600 SEK and month. For NetCom (1999), the average income 
per customer 1999 was determined to 418 SEK. The cash flow comes from different types 
of services (section 5) and the revenue streams dependent on customer profiles (that is busi-
ness and private customers). 
 
Still, there is no experience or feedback from the demand for GPRS services. According to a 
market research performed by Europolitan, customers in general think that an appropriate 
spending on GPRS services lies in the range of 150-200 SEK (Lindqvist 2000). However, if 
the price listed in section 10.2 is studied once again, this budget seems to be insufficient.  
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Now when we have looked at customers’ propensity to spend money on communication 
services, something completely different will be presented, namely the competition between 
different market actors and its effect on prices. 

10.5 Competition Between UMTS Operators 
Pricing is closely connected to the market environment and the prevailing number of actors. 
Telecom operators have traditionally been characterized by monopoly, something that un-
dergoes changes. 
 
Ericsson & Persson (2000) describes several factors that favor large operators in their role as 
Internet access providers, at the expense of small ones. These are some advantages: 
 
• When price and value for access decrease due to competition, the importance of provid-

ing transit increases. 
• Competition leads to marginal cost pricing. Large operators have low marginal costs, a 

favor in an industry that is characterized by high fixed costs.  
• It is easier to provide for QoS on your own network, instead of being dependent on in-

terconnections.  
 
The number of Swedish future mobile operators will be quite small, due to the limited 
amounts of UMTS licenses31. This means that the market for mobile Internet accesses will 
hardly be characterized by perfect competition (see Appendix A). As it is, the market is more 
like an oligopoly, with a streak of strategic behavior. The prices adopted by one actor imme-
diately affect those taken up by others (see Appendix A). This is achieved by so called ‘tacit 
agreements’, where operators come to a common agreement, without actually discussing it 
among them. This is called self-enforcing agreements, i.e. each firm finds that abiding by the 
agreement is in their self-interest (Katz & Rosen 1998). 
 
The market is in a so-called Nash equilibrium when each operator chooses the strategy that 
maximizes its profit, given the strategies of other operators in the market. Nash equilibrium 
among firms that choose prices is known as Bertrand equilibrium. This could be explained 
with a simplified example, using two operators A and B. Assume that A offers its services 
for a price PA, then B maximizes it profit by setting the price to PB, and vice versa. In order 
to determine the Bertrand equilibrium, a good starting-point is the market demand curve. If 
the market is characterized by oligopoly, the demand for one operator’s services depends on 
the other’s behavior. Three main states are identified: 
 
1. Operator A’s prices are higher  
2. Operator B’s prices are higher  
3. Both operators’ prices are the same. 
 
In the first case all subscribers will choose operator B, which will satisfy the entire market 
demand. The same is true if operator A is the cheapest. In case both subscribers’ prices are 
the same, they will satisfy half of the market’s demand each (given equivalent services). 

                                                 
31 MVOs are not considered.  
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Prices must of course be higher than the operators’ costs. The question is then, if there is a 
price higher than the marginal cost (MC), that constitutes a Nash equilibrium (See appendix 
A). The answer is yes, in case both operators’ prices are the same. This situation is not sus-
tainable, since the objectives’ of A and B respectively, is to maximize profits. Some of them 
would try to undercut the other’s price, which would finally result in marginal cost pricing.  

10.5.1 Scale Effects 
The subscribers in a UMTS network can enjoy bit rates of up to 2 Mbps (shared medium). 
When the number of users increases within an area each of them suffers from service de-
grades. Therefore, the user (and the operators) may earn benefits from sharing agreements 
thanks to scale effects. Foros et al. (2000) illustrates a duopoly case, i.e. a strategic behavior 
between two actors. Two operators determine the infrastructure investment and then com-
pete with each other under Cournot conditions (see Appendix A). The focus is on what ef-
fects a roaming policy has, both when regulators decide on roaming quality and when the 
operators themselves do it. The model is built around game theory. 
 
A justification to the assumption of Cournot competition is the scarce radio spectrum and 
the fact that there are both technological and physical limits to capacity. The quantity in 
question is the number of subscriptions.  
 
According to Foros et al. (2000), some important conclusions are made regarding conse-
quences of roaming agreements. For consumers, an increase in roaming quality has two ef-
fects. Under competition, the quality increase leads to reduced competition and decreased 
market size. Given a certain quantity, prices for services will fall and so will the total quantity 
output. Hence, customers’ welfare is affected both positively and negatively. By setting a 
high roaming quality, operators can restrict the amounts of infrastructure investments and 
with that the output in stage 3 in Figure 11. The equilibrium price increases as a result of 
this.  
   
If a virtual operator is taken into account, which relies on an operator in possession of net-
work infrastructure, the situation becomes ambiguous. The network-owning operator’s in-
centive to invest in infrastructure may increase due to spillovers. This case differs from that 
without virtual operators. The reason is that investments stimulate innovations, and the cus-
tomers are offered improved services and applications (Foros et al. 2000). 

10.5.2 Competition Between Content Providers 
The future number of content providers is in contrast to UMTS operators very difficult to 
estimate. Content can take many forms and the actors do not directly compete with each 
other. This is because the market is characterized by continuous flows of new players, all 
with different purposes32. The type of competition can hence be signified by the notion of 
monopolistic competition, i.e. that each actor can act as a price maker. This could be moti-
vated by that most services are imperfect substitutes (see appendix A).  
 

                                                 
32 See i-mode. 
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Thanks to 3G networks, the variety of available content is predestined to develop dramati-
cally. However, the evolution towards the UMTS may take some time and to begin with, the 
number of actors may be characterized be a fixed number, leading to a short -run equilibrium 
(see Appendix A). The economic profit reminds of that of the monopolist, but in a smaller 
scale. 
 
The long-run equilibrium differs somewhat from the short -run equivalent. New providers 
will enter the market as long as there are profits to be made. The question is how new en-
trants will affect the market equilibrium. The firm specific demand curve will be shifted in-
wards. In the long run the content providers must earn enough money, so that the average 
revenue (price) is equal to the average cost. A representative provider must therefore “pro-
duce” at an output level where the demand curve and the average cost curve are tangent (see 
Appendix A). 
 
However, in the end, there must be some way to find out which customers are prepared to 
pay for a certain service. Recognizing the behavior of different demographic groups could 
do this. Section 10.6 will look closer into this type of reasoning and specifically how to price 
discriminate between different user groups.  
 

10.6 Price-Discrimination 
When different people are charged different prices for the same service, they are exposed to 
price discrimination. This could be useful for the operators/services providers since con-
sumer’s willingness to pay varies. Thanks to price discrimination, the firm’s profit will in-
crease. However there are some conditions, which must be satisfied (Katz & Rosen 1998). 
 
• The firm must be a price maker. 
• The firm must be able to identify which customers is which.  
• Consumers must not be able to engage in arbitrage33.  
 
Price discrimination is divided into three types, namely first, second and third degree. The 
first degree means that each unit could be sold at a price, which just equals the buyer’s 
maximal willingness to pay for it. There are certain problems related to this behavior, since 
determining peoples’ marginal propensity to consume turns out to be rather tricky.  
 
In reality, it is impossible and therefore the operator could observe the customer’s own ac-
tions as a basis for price discrimination (second degree price discrimination). The same 
prices are offered to all consumers, but they sort themselves out due to self-selection. Here, 
so called two-part tariffs serves as a good example. For example, there may be some fixed 
subscription fee, but there is also an additional per-use/per-unit fee. Given people’s hetero-
geneous willingness to pay, an optimum combination of fixed and varying prices could be 
found. The idea is to keep as many types of users as possible.  
 

                                                 
33 Arbitrage means that the customer whom the operators charge low prices could resell the product (service) 
to customers who would have to pay higher prices.  
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Finally, there is the third degree price discrimination, which in practice means that the opera-
tor could divide the overall market into market segments. The operator produces at a point 
where the marginal revenue equals the marginal cost in each market. Each market segment is 
approached with different types of subscriptions. For example, Europolitan offers business 
customers several alternatives whereof these are some of them (www.europolitan.se): 
 
Type of subscription  Characteristics 
Eurobusiness  • Companies with 50 employees or more. 

• The firm’s equipment is taken into consideration.  
 

Business Partner  • Services and prices are adapted to the company’s habits re-
garding mobile phone usage. 

• The more usage the lower the price for each call. 
Företagsavtal 2.2  • A company with a total call time of 100 min/day saves 

money. 
• The mobile phone could be used even as a fixed phone in-

house. 
 

Table 14. Different types of subscriptions offered by Europolitan 
 
Hence, companies choose the subscription type that best suits them. Price discrimination 
proves to be a commonly forthcoming phenomenon, used in many different industries, not 
only in telecommunication circumstances. 
 

10.7 Conclusions 
The UMTS business case is partly dependent on the way the services in question a re priced. 
Here, GPRS prices serve as the best information attainable at the moment. As can be no-
ticed, prices for voice do not differ much from the prevailing prices for voice in ordinary 
GSM networks.  
 
The appropriateness of the prices for data transmissions in GPRS networks is questionable. 
As far as the type of information is modest, the cost for usage is motivated. For example, an 
hour of intensive WAP usage costs about 14-28 SEK with a GPRS SURF subscription. Fur-
ther, an e-mail of size 4 KB costs at most ≈ 0.50 SEK (GPRS WAP subscription). 
 
The serious problem appears when dealing with resource demanding applications/services 
such as music downloading and the transfer of moving pictures. Given the prices for GPRS 
services, these types of activities will hardly be requested unless prices fall. Unfortunately, the 
price per bit will probably remain constant, due to infrastructure investments. That means 
that even if higher transmission speeds are admitted, thanks to UMTS, the services will re-
main very expensive. The perceived utility simply does not compensate for the high cost of 
usage. Here, alternative ways to charge the customer have to be considered. Hence, seen 
from a business perspective, the price per bit ought to fall in the future.  
 
Sometimes, none of these charging methods are satisfying. This is due to comparatively large 
amounts of resource consumption that the customer is not prepared to pay for. The per-
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ceived utility simply does not compensate for the high cost of usage (e.g. downloaded mu-
sic). Here, alternative ways to charge the customer have to be considered. Of course, the 
same is true the other way around. That is, some services do not consume very much re-
source at all, but are still perceived as highly valuable to the customer. Hence, these services 
could be charged in a way that does not correspond to the cost of providing it (e.g. informa-
tion services). Hence, the bits belonging to different applications/services are priced differ-
ently.  
 
The competitive climate will also affect the prices. Since the number of network operators is 
small, an appropriate approach could be to characterize the market with an oligopoly. The 
immediate consequence is that the price charged by one operator would be the same for all 
operators (almost) and the price will eventually narrow the firm’s MC. One possible way to 
differentiate the service is to offer a specific (unique) level of QoS. 
 
Still, the number of content providers is large and the applications provided are quite dis-
similar. Hence, they could perhaps be priced individually (high or low). However, there are 
few loyalty agreements with the customers and therefore the price may be forced down due 
to poor demand conditions. 
 
Different customers could sometimes be priced differently. Often this kind of action is not 
explicitly expressed, but typical examples are different types of subscriptions and business 
packages, which target specific user groups. This is often called price discrimination since the 
same service could be priced differently, depending on who is using it. The concept of price 
discrimination will probably be further utilized in the future. This is clearly understood when 
studying the M3I project, where prices are adjusted in real-time, based on the customer’s in-
dividual preferences.  
 

11. The UMTS Business Case 
Pricing and charging must not be studied separately, but in a broader context including the 
complete UMTS business case. The objective of this section is to investigate some trends 
and circumstances related to the deployment of 3G networks.  
 
The aim with the section is not to go too deep into details. Instead it will try to explain some 
market traits, which complicates the procedure of pricing and charging mobile services. This 
part will serve as a complement to what has been written in the previous sections. 
 

11.1 Strategy 
The number of UMTS operators in Sweden will be limited. Today there are four competing 
licensees, which are permitted to run 3G networks. They are restricted due to the shortage of 
radio spectrum, which is a natural impediment to the establishment of more operators.    
 
Alliances like the one recently announced between Telia and Tele2 could however be more 
frequent or even necessary in order to stay competitive on the future market scene. Immedi-
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ate benefits from cooperation are expanded customer bases34, which seems to be vitally im-
portant for new entrants and shared costs for the infrastructure. A common system could 
save as much as 50 % the cost for the actors’ operation and maintenance, according to Mitch 
Lewis, general manager for multi-service networks at Ericsson (Newing, 2001a). However, 
operators such as Orange and HI3G35 share a possible benefit in that they do not have to 
care about already existing GSM subscribers (Affärsvärlden 2001). 
 
It is uncertain how quickly the revenue will take off, but one thing is completely clear: the 
operators must fill their networks with traffic as soon as possible in order to recover from 
costs associated with the network investments. Though, filling the network with voice is not 
profitable, since the price for voice is falling. Returns will come from high value data ser-
vices, which in large extent will be provided by content providers like AOL and Yahoo. The 
mobile operators hope to take about 20 % of the services in the UMTS network and about 
5% of the revenues from mobile commerce (Affärsvärlden 2001). 
 
Experiences from Japan tell that the email will be the killer application, while entertainment 
will be the killer content (Cane 2001). According to the same source, more than 50 % of all 
user activity deals with downloading of network games, screen savers, phone ringing tones 
etc. It is uncertain though, if the western operators can match NTT DoCoMo’s charging 
structure. Cultural differences and high initial costs constitute obstacles, which could prevent 
a successful replication of i-mode in other countries. 
 
However, costs for infrastructure investments are associated with sunk costs, i.e. once made, 
they do not affect future cash flows. Pay back times and the return on investment must nev-
ertheless be taken into consideration. Thus, this cost will in one way or the other be trans-
ferred to the customers. In Shillingford (2001), the pay back time for operators, who have 
obtained the license for free, is estimated to be around 7 years. This is one reason why op-
erators will have to expand gradually.  
 
The operators in Sweden are obligated to cover 99 per cent of the population (Shillingford 
2001). Base stations are only one part of the total cost. Revenues must also cover costs like 
network set-ups, acquisition of content, development of products and applications, customer 
acquisitions, handset subsidization and marketing costs. Unfortunately, small operators may 
find it hard to enter the capital and equity markets. Perhaps, the only available alternative 
would be to merge with larger, more credit-worthy rivals. 
 
Guesses about the market structure, size and number of core actors are very risky to do. 
There are so many parameters that tend to influence different outcomes. Often, there are 
other components, which control the business landscape, than just the relationship between 
different actors and their strategies. 
 
An immediate threat against the success of 3G is Wireless Local Area Networks (WLANs). 
Thanks to the decreased cost of this technology, it has become more commonly used within 
firms and by residential users. The major drawback considering WLANs is the short reach of 
approximately 100 m, but the admitted transmission speed is much higher and there are no 
                                                 
34 Telia and Netcom have about five million customers together (Affärsvärlden 2001).  
35 Owned by Hutchison and Investor. 
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restrictions regarding spectrum utilization. Thus, the usage of these networks is cheaper (Af-
färsvärlden 2001). However, a major drawback associated with WLANs is the poor ability to 
guarantee QoS, due to the lack of licenses.  
 

11.2 Factor Conditions 
As mentioned above, the construction of UMTS networks will impose lots of challenges on 
every single operator. Until now, the most debated question has been how to finance the 
needed infrastructure. The supply of it is still taken for granted, which gives rise to 
uncertainties. The number of demanded base stations will be four times of those in the 
current GSM system, according to Ogelid (2000). Consequently a great part of the UMTS 
services will not be available on the market in the short run. Even if the starting dates are 
achieved, experts mean that services will be limited until at least the middle of 2002 
(Mcartney 2001).  
Customers must, to be able to use UMTS services invest in new terminals. Seen from an 
overall business perspective, this ought to profitable. There are however severe requirements 
on the terminal developers to work on the same time scale as the suppliers of infrastructure. 
 
Further reasons to delay in UMTS services could be the lack of well-established industry 
standards. The concept of WCDMA may be immature and it is very likely that manufactur-
ers will interpret the features in different ways. In the worst case, the terminals of one sup-
plier will not be compatible with the network of another. 
 

11.3 Demand Conditions 
In order to acquire knowledge about future demand conditions, operators ought to investi-
gate which types of applications that seem most interesting. As can be noticed in section 5, 
most real-time applications will not be demanded until the infrastructure can handle the cor-
responding data rates. 
 
UMTS will simply add more capacity, and past experiences say that capacity, no matter how 
much, will be consumed in one way or another. Suddenly, you may find the application that 
strictly speaking kills everything. Hence UMTS are better dimensioned for such a scenario 
than any other technology.    
 
However, there are still major risks associated with the network (network business), mostly 
caused by inaccurate demand forecasts. Some of the key uncertainties, brought up in Elvidge 
& Peirce (1999) are derived to: 
 
• Empty networks and platforms, generating little or no revenue, representing fixed costs, 

which are not paid for. 
• Networks that are full at busy time, but idle for most of the day, in which case the reve-

nue from the busy period may or may not cover the costs. 
• Adverse reaction from customer business units, following jumps in unit costs as a result 

of unforeseen but necessary network enhancements.  
• Low actual customer demand compared with forecasts, hitting the profitability of an in-

dividual service. 
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• Inflexible networks, which are unable to support new service proposals.  
• Networks that have no headroom to accommodate new services, or growth in existing 

services. 
• Reduced profitability of service affected by jumps in unit costs imposed by the network 

business. 
 

Despite the above listed issues, there is need to figure out how long it will take for people to 
recognize the inherent benefits. As previously stated, the infrastructure requires lots of pro-
vided capital. Investors and operators are forced to cut the payback times as much as possi-
ble, covering rates, amortization and an adequate return on investment. It should also be an-
nounced that terminal developers as it is are not eager to produce new technologies if there 
is too much risk involved, as they are ma king so much money out of existing equipment.  
 
Customers must be given incentives in order to start using services over UMTS.  How this is 
realized is not surprisingly arguable, since EDGE could in fact offer well enough capabilities 
in order to satisfy customer needs. It should be recognized though that the QoS enabled by 
UMTS is better than the corresponding level achieved by EDGE.  
 
This concludes the fact that operators must be eager to encourage content providers to offer 
customers services and applications. Perhaps sharing incomes from users in a greater extent 
than is the case today could do this. It is dubious however whether telecom operators will 
tolerate any loss of traffic income, since they are meant to finance the traffic growth and fu-
ture mobile network structures.  
 
Ericsson believes that a move from voice to data-centric wireless services will generate 
strong demand for new mobile infrastructure (Parkes 2001). Voice is the most wanted mo-
bile service so far and to the extent this will change within the nearest years is yet to be dis-
covered.  
 
The next section will describe related industries and their support of the UMTS business 
case. 
 

11.4 Related and Supporting Industries 
Most concerns regarding UMTS are dedicated to the difficulties in finding wealthy investors, 
willing to share the expenses of building the network infrastructure. To begin with, UMTS 
operators will draw from the already existing GSM infrastructure, asking for additional an-
tennas in order to make the system both 2G and 3G compatible (see section 4). This solu-
tion is only temporary and new equipment will eventually be required. Then the question 
arises whether the facility-based operators should lead the construction work alone, together 
in joint ventures, or outsource that business to a third party.  
 
The first alternative will undoubtedly result in huge up-front costs and the dependency on 
high prices for usage will increase. There are obvious drawbacks related to this solution re-
garding the business profitability, inflated payback periods, and concerns finding prospective 
sources of finance. Moreover, the actions of competitors tend to be a question of vital im-
portance. 
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The second alternative seems to be more attractive. An example of current interest is the 
proclaimed cooperation between Telia and Tele2, which admits certain benefits to both ac-
tors. The combinations of a huge customer base, shared costs and the control of UMTS fre-
quencies seem very attractive. The rise of MVOs (described in section 3) could probably lead 
to valuable partnerships, both regarding the way costs are split and the way customer de-
mand is enhanced. 
 
The last alternative will probably not be forthcoming in Sweden, but the idea is to delegate 
or outsource the construction of towers etc. to another actor.  These so called site owners 
could focus on developing competitive advantage and cost-effectiveness in the business and 
quality aspects of the physical equipment (Newing 2001b). The operators should instead 
concentrate on its intellectual property in radio optimization. 
 
It is not apparent how operators are supposed to manage the finance of 3G networks. Vastly 
increased liabilities make the operator vulnerable to failed customer incomes. Besides, it is 
not even sure that the money will be there for them.  However, the problem could be solved 
thanks to vendor finance. That means that the supplier (e.g. Ericsson) is paid only part of the 
value of the contract. The rest is treated as a loan to the operator, secured on the value of 
the equipment. The loans are subsequently transferred to banks or the capital market. This 
process however puts serious strain on the vendor’s balance sheets. 
 

11.5 Conclusions 
Alliances between operators seem to be a good way to save costs and earn benefits in UMTS 
networks. The major reasons for that could be: 
 
• Costs are cut (possibly by 50%) concerning operation and maintenance. 
• The customer base is increased. 
 
Perhaps the demands and requests from already existing GSM customers could be a draw-
back.  
 
The payback time for network investments of about 7 years demands a strategy, which aims 
at regaining as much of the infrastructure expenses as fast as possible. This is achieved by 
filling the networks with content, which generate high returns. Filling the network with voice 
is not profitable, since the price for voice is falling36. 
 
Another question of major importance is how the financing of the networks is supposed to 
be arranged. There are still uncertainties whether operators will be allowed to borrow the 
money required in order to manage the work of construction. Perhaps the existence of alli-
ances will benefit the operators in some sense. Other alternatives, which have been consid-
ered, is vendor financing or outsourcing.   
 

                                                 
36 However, the number of subscribers will rise. This could eventually compensate for the fall in price. 



 62

Finally, the move from voice to data centric wireless services is believed to be one reason 
why the demand for network capacities has increased. 
 

12. Conclusions 
Traditionally the network operator has been the receiver of most part of the revenues from 
mobile communication. People’s demands for content will increase and the facility-based 
operator will not possess all skills needed in order to fulfill their satisfaction. At the same 
time, the costs associated with the UMTS infrastructure must be financed in some way. Both 
maximizing the network utilization and the revenues do this. Hence the role of content pro-
viders will probably become more important since the margin on content is more profitable 
compared to ordinary voice. Experiences from i-mode tell about content providers that gen-
erate a lot of value but no revenues. This must change in order to make the UMTS business 
case successful and profitable.  
 
When it comes to what services/applications that are preferable in the context of 3G net-
works, there is balance between customer value and resource consumption. Some services 
(e.g. streaming services or resources requiring an application available through downloads) 
are believed to meet severe resistance in UMTS, due to the high price per bit. There will also 
arise complications regarding how to guarantee the user a certain level of QoS, with respect 
to delays, jitter and losses, especially end-to-end. This requires well-established agreements 
between several networks regarding the way traffic should be treated and how to map be-
tween different QoS enabling technologies. Thus, the number of requested video sessions 
are assumed to be quite modest, but the volume generated could be comparatively large. 
Hence, in order to make the network business profitable, the price per video session would 
have to be higher than most people are prepared to pay. 
 
Services/applications, which include significant perceived user value, without heavy resource 
consumption (e.g. emails), will probably become more attractive seen from an operator’s 
perspective. Here, algorithms, which aim at allocating the appropriate amounts of network 
resources, could be valuable when optimizing the network utilization. The choice of network 
technology also seems to matter. It is much about balancing the inherent stability regarding 
QoS guarantees in circuit switched networks against the improved flexibility in packet 
switched networks. 
 
However, predicting people’s demands for services seem to be a very hard task. Factors such 
as age, profession, IT literacy and the personal budget seem to play dominating roles. By 
carefully analyzing the market and the existence of complementary and substitute services, 
demand curves could be sketched and with that the ability to estimate price-elasticity is en-
hanced. However, by adapting dynamic pricing and charging in real time there is always an 
equilibrium point revealing people’s willingness to pay for a given QoS. How much this is in 
reality is very much a question of the personal budget. Today, the average spending on mo-
bile communication is somewhere between 400-600 SEK/month. However, experiences 
from i-mode illustrate that the average spending increased thanks to the introduction of data 
services. 
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The type of competition between operators and content providers further determines the 
actual prices for usage. The few number of licenses favors the assumption of a ma rket char-
acterized by oligopoly. This in turn means that prices will narrow the marginal cost of the 
network service. Actors such as mobile virtual operators could affect the competitive climate 
within the branch of mobile communication. The main benefits for the operators (and the 
customers) could be shared costs, spin off effects and enlarged customer bases. Possible 
threats could be increased competition and lowered marginal. 
 
Content on the other hand could be priced in a way that vastly differs from the marginal cost 
of providing it. The individual propensity to spend money on content could be found out by 
different types of price-discrimination. 
 
Finally, prices often reflect operators’ needs to generate positive cash flows and a means to 
finance the construction of networks. The predicted pay back times for these investments 
will determine the price for services and vice versa. Consequently, the choice, whether, the 
UMTS infrastructure should be financed by credit institutes (e.g. banks), vendors (e.g. E rics-
son), outsourced (probably not in Sweden) or a combination of them will almost surely af-
fect the final price.   
 

13. Further Work 
There are several areas in this report that are not or merely briefly discussed. A deeper study 
of these seems motivated in order to understand the economy of wireless networks better. 
Here are a few examples that deserve more attention in future works. 
 
• Today it is unsure what tomorrow’s networks will look like. It could therefore be inter-

esting to study the business opportunities associated with different network structures. 
 
• The relation between the price and demand for a single service is often diffuse. What is 

needed is a framework that is able to handle the estimation of demand curves in a con-
sistent and structured way. 

 
• QoS is assumed to be a crucial factor considering how network operators differentiate 

themselves towards competitors. How this could be arranged and what effects this will 
have on charging and pricing must be investigated in detail. 

 
• Despite many fascinating proposals of charging algorithms, very few of them could be 

implemented. Often they are too complicated seen both from a technical and a customer 
point of view. What is requested is a functional, easily understood algorithm that takes as 
many interests as possible into consideration. 

 
• Today, the prices for services/applications differ considerably in fixed and mobile net-

works. The interpretation of the convergence between them and what will happen to 
charging and pricing is still an open question. 

 
• In what extent is UMTS possible to combine with Wireless LANs? 
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• The demand curve for a business user does not always correlate with the one for residen-

tial users. A better understanding of inequalities between different demographic groups 
is needed and how to price-discriminate between them.  
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Appendix A: Elementary Microeconomics37  

The Demand Curve 
The demand curve for a service shows the maximum quantity a user is willing to consume at 
any given price of the service, other things being the same38.  

The Cross Price Effect 
The cross-price effect describes how the price of one service affects the demand of another 
service. The result depends on if the services are substitutes or complements.  
 
Two services that satisfy similar needs are called substitutes. An increase in the price of one 
service leads to an increase in the demand for a substitute. If two services tend to be used 
together (i.e. complements), an increase in the price of one service means a decrease in the 
quantity demanded for the other.  
 
One should differ between a change in the d emand for a service and a change in quantity demanded . 
This relates to the difference between own-price and cross-price effects. If the price of a ser-
vice changes, the quantity demanded will typically fall. The decrease is attained through the 
given demand curve. However, if the price of another service (complement or substitute) 
changes, the entire demand curve will shift (i.e. a change in the demand). 
 

Marginal Revenue and Marginal Cost 
 
The change in revenue due to the sale of one more unit of output is called marginal revenue 
(MR). The concept of marginal cost (MC) is of course analogous, that is MC is the change in 
the total cost due to the production of one more unit of output.  
 
Consequently, the production of one more output will rise profits only if MR>MC. The 
marginal output rule says that a firm should produce at a level where the MR equals the MC. 
The Shut-Down Rule says that if for every choice of output level the firm’s average revenue 
is less than its average economic cost, the firm should shut down.  
 

Perfect Competition 

Assumptions 
Perfect competition is characterized by some fundamental assumptions. First, the sellers are 
price takers, since each supplier believes that its output choice has a negligible direct effect 
on the market price. Besides, each supplier thinks that it has no effect on the collective ac-
tions of other suppliers. If this condition was not satisfied, the action of one firm might trig-
ger responses by other suppliers, which would collectively affect the market price. Second, the 
firms do not behave strategically; the firm does not anticipate any reaction by rival suppliers 

                                                 
37 Appendix draws from facts found in (Katz & Rosen 1998). The information is however general. 
38 Other things are for example: the individual taste, income and prices for other services. 
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when it chooses its own action. Third, the entry into the market is free, which means that a 
supplier can enter the market without incurring any special cost. Fourth, buyers are price tak-
ers, meaning that sellers take prices as given.  

Appropriate Market Structure 
The market which best corresponds to the assumption of perfect competition is made up of 
many buyers, where each of them is small and unable to affect the market price. The number 
of suppliers is large and each actor has little direct effect on the total market supply. A large 
change in the output of one supplier will have little effect on the total percentage change in 
output. The service that the sellers offer is homogenous and consequently the price cannot 
be raised over the common level. That would only result in zero output. A market character-
ized by perfect competition also requires that buyers must be well informed about available 
alternatives. Figure 11 below illustrates the output and the corresponding price under perfect 
competition.  
 

 
Figure 11. The output and the corresponding price under perfect competition 

 

Monopoly 
When the quantity that a firm buys or sells significantly affects the price the firm faces, the 
firm is said to be a price maker. The reason is that it can influence the price through its 
choice of output.  

Assumptions 
The demand curve for a price making firm slopes downwards, since the price falls as the 
amount of output rises and vice versa. Thus, firms do not have to behave strategically and 
the market entry is completely blocked. Moreover, buyers take the price as given.  

Appropriate market Structure 
A market characterized by monopoly does have a large number of buyers, where no one is 
able to affect the market price. The number of sellers on the other hand is only one, which 
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also means that there are no close substitutes. However, the customers are completely in-
formed about the product or service. 
The fact that the demand curve slopes downwards implies that the average revenue is falling, 
which in turn means that the marginal revenue pulls down the average revenue and lies be-
low the demand curve. The firm still produces where the MR equals the MC, but unlike the 
price-taking firm, the monopolist produces at a point where the price is greater than the MC. 
Figure 12 shows the output and the corresponding price under monopoly. 
 

 
Figure 12. The profit maximization production quantity in a monopoly 

 

Monopolistic Competition 
When there are many suppliers in the market, and each of them acts independently in com-
petition with one another, price-making behavior arises when the firms produce imperfect 
substitutes.  
A market characterized by price making monopoly with a large number of suppliers and free 
entry conditions is called a monopolistic competition. This model of the market is an impor-
tant tool for analyzing questions of product choices and product variety.  

Assumptions 
Just as in the case with monopoly, the firms are price makers, which means that they have 
firm-specific downward sloping demand curves. Neither do they behave strategically and the 
entry to the market is free. Finally, the buyers are believed to have no influence on the price.  

Appropriate Market Structure 
There are many buyers and no one of them is large enough to exert any influence on the 
price. The number of suppliers is also large, which reminds of perfect competition. How-
ever, the products/services produced are said to be differentiated and the extent to which 
customers are informed about prices and available alternatives vary from well informed to 
poorly informed. At last, no entry barriers to the market exist.     
 
A firm, which is active in a market characterized by monopolistic competition, produces 
where the MR equals MC. Though, one can observe different competitive market equilib-
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rium in the short run and in the long run. With the first alternative, the number of firms is 
fixed. This case could be treated as a “little” monopoly (see Figure 13). The firm-specific 
demand depends on the number of rival firms in the market. In the long run there turns out 
to be a difference between monopolistic competition and monopoly. The reason is that 
firms will enter the market as long as there are any profits to be made. This will cause firms 
to produce at a point where average  cost equals average revenue in the long run. However, the 
condition MC = MR must still be satisfied (see Figure 14). 
 

 
Figure 13. Illustration of the output and the corresponding price under monopolistic competition 
(short run). 
 

 
Figure 14. Illustration of the output and the corresponding price under monopolistic competition 
(long run). 
 

Oligopoly 
If firms are aware of the fact that the price or output choice made by anyone of them affects 
their profits, they are said to recognize their mutual interdependence. Thus, every firm must 
observe and predict the behavior of competitors. This means that each actor has to behave 
strategically.  
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Assumptions 
First of all the suppliers in a market characterized by monopoly are price makers. Hence 
what differs an oligopoly from the previously described market conditions is that sellers be-
have strategically. The market entry varies from completely blocked to perfectly free and the 
buyers are believed to be price takers.  

Appropriate Market Structure 
There are relatively few suppliers but more than one and they sell products, which could be 
either perfect substitutes or completely differentiated. The extent to which users are in-
formed about the market prices and the available alternatives encompasses both well-
informed and poorly informed customers.  

Quantity -Setting Oligopoly 
In order to describe the market characterized an oligopoly, it could be advantageous to re-
strict the model to two firms, due to the complexity. Consequently the possibilities to enter 
the market are completely blocked. Besides the firms are assumed to produce homogenous 
products and constant marginal costs. These assumptions make the outcome easier to ana-
lyze. 
 
Each firm’s profits depends not only on the firm’s own output, but also on its rival’s output 
level. Therefore, firm A chooses its course of action depending on what it believes B is do-
ing. This is often called a best response. The market is in equilibrium when every firm in the 
market follows the strategy that is a best response to the strategies of other firms. 
 
Assume for example that a firm α sells X subscriptions of a particular service at a price of x  
SEK/subscription. Given that α sells X subscriptions, β’s profits is maximized by selling Y 
subscriptions. This self-enforcing agreement results in an equilibrium called Cournot equilib-
rium. 
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Appendix B: Abbreviations  
 
ABR  Available Bit Rate 
AOL  American Online 
ATM  Asynchronous Transfer Mode 
B2C  Business to Consumer 
BSS  Base Station Sub-system 
CN  Core Network  
DiffServ Differentiated Services  
EDGE  Enhanced Data rates for GSM Evolution 
ETSI  European telecommunications Standards Institute  
FTP  File Transfer Protocol 
GGSN  Gateway GPRS Support Node 
3GPP  3rd Generation Partnership Project 
GPRS  General Packet Radio Service 
GSM  Global System for Global Communication 
HSCSD High Speed Circuit Switched Data 
IBP  Internet Backbone Provider 
IETF  Internet Engineering Task Force 
INDEX The Internet Demand Experiment 
IntServ  Integrated Services 
ISDN  Integrated Services Digital Network 
ITU  The International Telecommunications Union 
IP  Internet Protocol 
M3I  Market Managed Multi-Service Internet 
MPEG  Moving Picture Experts Group 
MSC  Mobile Switching Center 
MSP  Mobile Service Provider 
MT  Mobile Terminal  
MVO  Mobile Virtual Operator 
NO  Network Operator 
PAL  Phase Alternating Line 
POTS  Plain Old telephone System 
PSTN  Public Switched Telephone Network 
QoS  Quality of Service 
RSVP   Resource Reservation Protocol 
RTP  Real Time Protocol 
SGSN  Service GPRS Support Node 
SLA  Service Level Agreement 
SMS   Short Message Service 
TCP  Transmission Control Protocol 
UBR  Unspecified Bit Rate 
UDP  User Datagram Protocol 
UMTS  Universal Mobile Telecommunication System 
UTRAN UMTS Terrestrial Radio Access Network  
VOIP  Voice Over IP  
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VPN  Virtual Private Network 
WAP  Wireless Application Protocol 
VASP  Value Added Service Provider 
WCDMA Wideband Code Division Multiple Access 


