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Capabilities in the newest mobile terminals have created new opportunities to provide 
content for end-users. However, the mobile networks have no standard mechanisms 
the operators could use to connect the users to these kind of services, and still avoid 
turning themselves into plain bit pipes. This has slowed down the development of such 
services.

From the end-users’ point of view, it is essential that payment for the content is carried 
out just like for normal mobile phone usage, i.e., in the phone bill. However, this must 
not happen fully transparently, as the users want to have control over what they pay
for.

This Master’s thesis presents a prototype solution, using which the operators can easily 
deliver content to their customers. The solution is based on criteria developed after 
examining the existing mobile services in different regions of the world. It allows for 
flexible charging models to be used, and gives the end-users control over the content 
delivery and payments. Using the solution, more advanced services can be built without 
using network specific programming interfaces.

Evaluation of the prototype was carried out using methods of usability testing. The test 
results point out several ideas for enhancements, but above all, show that the concept 
is feasible and useful from the end-users’ point of view. As is, the prototype provides 
a firm basis for future development.
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Matkapuhelinten uudet ominaisuudet ovat lisänneet mahdollisuuksia tarjota sisältöä 
loppukäyttäjille. Matkaviestinverkot eivät kuitenkaan sellaisenaan mahdollista 
tällaisten palveluiden välittämistä käyttäjille ilman, että matkapuhelinoperaattorin 
rooli muuttuu pelkäksi tietoliikennekapasiteetin toimittajaksi. Tämä on hidastanut 
palveluiden kehitystä.

Loppukäyttäjän näkökulmasta katsoen on olennaista, että sisältöpalvelujen käytöstä 
voi maksaa suoraan puhelinlaskussa, kuten muustakin matkaviestimen käytöstä. Mak
sujen periminen ei voi kuitenkaan olla täysin huomaamatonta, sillä käyttäjien on voi
tava päättää, mistä maksavat.

Tässä diplomityössä esitetään prototyyppiratkaisu, jonka avulla operaattorit voivat 
helposti välittää sisältöpalveluita asiakkailleen. Ratkaisu pohjautuu vaatimuksiin, joi
hin päädyttiin tutkimalla olemassaolevia matkaviestinpä!veluita eri puolilla maailmaa. 
Se mahdollistaa joustavien laskutusmallien käytön, ja antaa loppukäyttäjän hallita 
välitysprosessia ja maksutapahtumia. Ratkaisua käyttämällä on mahdollista luoda ke
hittyneempiä palveluita ilman, että joudutaan käyttämään verkkokohtaisia ohjelmoin
tirajapintoja.

Protyypin toimivuutta käytännössä koetettiin käytettävyystestauksella. Testeistä saa
tiin lukuisia parannusehdotuksia, mutta tärkeimpänä tuloksena todettiin, että konsepti 
sinällään on toimiva, ja että käyttäjät kokivat sen hyödylliseksi. Tällaisenaan proto
tyyppi antaa hyvän lähtökohdan jatkokehitykselle.

Avainsanat: sisällönvälitys, matkaviestinverkot, matkaviestinsovellukset, käytettävyys
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Chapter 1

Introduction

Since the early 1990’s, mobile networks have become an essential tool of commu
nication in everyday life. But while the voice still dominates the mobile network 
usage, services based on wireless data struggle to gain popularity. Basis for the ex
pectations for wireless data growth is the rapid development the Internet has gone 
through. From the matter of academic research it once was, it has turned into 
an extremely versatile and rich network of services. People and corporations have 
adopted it as an everyday tool for information search, business, and entertainment. 
In the mobile environment, such development has not taken place, at least not yet.

The mobile network operators’ motivation to promote the development is due to 
the fact, that the revenues from voice services have more or less stabihzed, and the 
operators need new sources of income. Customer acquisition is difficult on highly 
saturated markets; hence it is better to encourage the existing users to spend more 
on the new services. But short messaging has been the only widely adopted data 
based service, even though most people might not even recognize it as such. The 
worst situation is with services providing digital content, e.g., images and news 
articles, to people’s mobile phones. For example, WAP browsing has been available 
for several years, but it has more or less flopped commercially so far. The Japanese 
market is the only one, on which the customers have widely adopted this kind of 
services, thanks to the popular i-mode service.

Poor user experience has been one of the obstacles to wider adoption of the services. 
Not only have the handsets been incapable to show content compelling enough, 
compared to the offerings in the Internet, but also the usefulness of the services 
has been questionable. The technical limitations have been blamed where more
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CHAPTER 1. INTRODUCTION 2

creativity and user orientation would have been needed. Part of the problem is, 
that for independent content providers, it has been difficult to make business with 
mobile content. Prom the users’ point of view, only operators’ premium services 
have provided the convenience of paying in phone bill, but the variety the operators 
have been able to provide has been commonly quite limited.

Despite that, operators have not been very keen to let third parties offer content to 
their customers, although the i-mode, for example, has shown, that numerous third 
party content providers increase the customers’ interest towards advanced services, 
and the competition forces the sites to be of better quality. They have been afraid 
of turning themselves into bare providers of transmission capacity, with no access 
to the value-added.

The situation has been changing only lately, as the demand for advanced content 
has grown due to the new powerful handsets. This has increased the need for 
systems, using which the operators can provide their customers with access to third 
party content sites, without losing the control over the usage. The need is both for 
delivering content to the end-users, and for charging for it. As the current mobile 
networks don’t provide ready made solutions for this, new systems are needed. In 
addition to the basic functionahty, the designer of such a system must ensure, that 
it enhances the user experience of mobile services, rather than makes the use more 
complicated. This kind of solution is about to be implemented in this Master’s 
thesis.

This thesis has been written for Nokia Oyj, and the Nokia Networks business unit 
I work for. Nokia Networks is one of the leading vendors for providing mobile, 
broadband and IP networks, and related services for network operators and corpo
rate customers. It also develops mobile data applications and solutions for operator 
customers and Internet service providers.

Objectives and Scope1.1

The main objective of this Master’s thesis is to develop a prototype solution for 
delivering digital content to mobile terminal, and to evaluate it from the end-user 
perspective. The prototype will be placed in an appropriate network architecture. 
On one hand, the prototype should enable the mobile users to access content services 
easily and transparently, and still allow for control over the content delivery. On 
the other hand, it should be straightforward to connect the content providers to the
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system. In general, the prototype should match the needs of the actual environment 
and services imphed for such a system.

In order to reach these objectives, relevant technologies will be discussed, and a 
variety of existing and upcoming data based mobile services will be explored. This 
should give the reader good understanding of the content services, how users use 
them, and the needs the services set to a middleware solution.

The scope of the work is limited to the end-user perspective on services that provide 
content to individuals. This leaves messaging based services outside. The whole 
prototype infrastructure will not be implemented within the thesis work. Instead, 
existing work done at Nokia will be reused.

1.2 Structure

The content of this thesis is as follows:

Chapter 1 presents the objectives and scope of this thesis.

Chapter 2 gives an introduction to the problem setting of the emerging mobile 
world. A business model will be presented to introduce the various players in the 
value chain.

Chapter 3 gives an overview to the technical environment. This includes technologies 
used in the Internet and mobile networks, and how these two domains connect on 
technical level. Relevant terminal technologies are surveyed. The end of the chapter 
is devoted to service middleware that enable advanced data based services in mobile 
networks.

Chapter 4 gives an in-depth view over the content services in the current mobile 
environment. As an outcome, the criteria the reviewed services set to this work’s 
solution are summarized.

Chapter 5 describes the prototype solution in reflection to the criteria developed 
in previous chapters. It will be discussed, for which kind of mobile services it best 
suited, and what is its relation to the service middleware.

Chapter 6 presents the testing arrangements, and describes the experiences gained 
from the evaluation. An analysis of the pros and cons of the selected solution is 
presented.

Finally, chapter 7 concludes the work done and gives recommendations about future 
work.



Chapter 2

The Mobile World

The world of communication and information technology has changed rapidly in the 
past years. Just as also my mother has learnt to use a mobile phone, e-mail and 
world wide web (I’m proud of her!), the evolution is already taking further steps. 
Something called Mobile Internet is emerging and about to enter the everyday life. 
On top of the traditional services of fixed Internet and mobile telephony comes 
a whole new mobile world with its services, applications, networks and terminal 
devices. Everything should be designed so that the ordinary people are able and 
willing to adopt the new developments.

2.1 Mobile World Challenge

The Mobile Internet Technical Architecture (MITA) methodology [44] developed 
at Nokia describes pretty aptly the main technical challenge of the new mobile 
environment:

The mobile world vision assumes that consumers will use different types 
of devices for connecting to multiple sets of services via various access 
networks. The services should be reachable in a unified way regardless 
of the access technology or mobile device.

Interworking of various types of devices, networks and services is a huge technical 
challenge, provided that there is a multitude of technical bodies developing and 
standardizing these; all of them having their own scope and background. MITA 
divides the challenge in three dimensions presented in figure 2.1.

4
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Figure 2.1: Dimensions of the mobile challenge [44].

Interaction modes characterize the way the users use the services. Messaging is non
realtime communication, in which an intermediary server stores and forwards the 
messages from one user to another. Rich call is two-way, real-time person to person 
communication - similar to, but extended from the current voice call paradigm. 
Browsing is defined as “nearly real-time one-way or two-way communication between 
a source and the destination”. This division has been made to not only easily 
understand the different technical requirements, but also the users’ mindsets when 
they are using the services.

Network environments comprise the various ways to transfer information. The three 
major network domains: Internet, intranets, and mobile networks, are all built on 
various technologies. The problem is to provide a similar user experience regardless 
the user’s current environment. The usage context normally dictates both how the 
network type and terminal device are selected. On the move, small handheld devices 
are used together with mobile networks, while at work laptop or desktop computers 
are used with high-speed wireline or wireless Internet connection. It is, of course, 
not possible to hide the differences in user experience altogether because of the 
varying bandwidths (i.e., transfer rates) and other differences between the network 
technologies. Still, the services should feel the same. The service should adapt to 
the available capacity of both the network and device.

Identity and addressing is the last of the dimensions. Identity refers to digital 
identity across networks and services. Personalized services must know the user
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by some identity, and some services like banking even need secure authentication. 
On the other hand, people want to protect themselves by not exposing any not 
absolutely needed personal information. Addressing is the ability to point to services 
or users with human-understandable addresses. The telecom world has solved the 
problem with the international telephone number, which is used by virtually all 
services to point to other persons. In the Internet, e-mail address might be the 
most common, but many services have introduced their own ways: chat nicknames, 
ICQ numbers, etc. Addressing services is another story and very dependent on the 
technology the service based on. Uniform Resource Locators (URLs) first known 
from WWW addresses are a standard, although not the only way to solve the issue 
in the Internet world. In telecom world, the URL scheme is expected to be adopted 
more widely in the future as the evolution goes towards third generation networks. 
Currently, the way the addressing is done is very service specific.

When these three areas work together seamlessly, the mobile world challenge can be 
said to be-won. This thesis tries not to solve the whole problem, but brings its 
contribution to enhance the user experience on accessing browsing based services 
from mobile networks. Although the focus is on cellular mobile networks, the results 
can be applied to other types of network environments as well.

own

Business Model2.2

When speaking of consumers, value-added services, and service providers, it is nec
essary to take a brief look into the business environment they belong to. While 
the focus is on content business, the value chain from content providers to the con
sumers is of special interest. For this reason, a business model framework is needed 
to categorize the players and their roles in the value chain.

As the first option, MITA describes a business architecture, which divides the value 
chain in three phases: consumption, connection and content. The respective players 
it identifies are the consumers, developers of the infrastructure and applications, 
and content providers. Service providers are the fourth group found in all phases. 
The approach is quite generic as such, and a more detailed presentation would help 
identify the players of content business.

Figure 2.2 presents a business model framework for interactive information networks, 
developed by Kajanto [16]. Uskela [50] has further adapted it to the modern cellular 
environment. The horizontal arrows present the primary value chain (i.e., the con-
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Figure 2.2: Business framework for cellular environment [16, 50].

tent flow from the content providers to the end-users), which normally implicates 
flow of money to the opposite direction. The vertical arrows illustrate supporting 
flow (of money) in the value chain.

The value chain consists of nine blocks. The players and their respective real-life 
counterparts in cellular environment are as follows:

1. Content providing is the phase, where the original content is created. It actu
ally comprises a whole industry or industries with specific value chain(s). The 
outcome of the industry process, content, can be virtually anything digitally 
distributable. Generally speaking, the term content provider is often used to 
refer to parties, who provide readily packaged content directly to end-users. 
Hence, it combines also the three subsequent steps under one name. This 
practice is also used in thesis.

2. Content packaging refers to aggregating, sorting and clustering of the content 
for convenient consumption. The content is transformed into a form where it 
can be distributed over information networks. Organizations in this part of 
value chain include the media companies.

3. Information intermediaries have knowledge on the consumer preferences and 
consumption habits. They do the selection from the array of packaged content 
already pre-sorted by the content packagers. For example, cable television 
companies providing pay-per-view packages fall into this category.

4. Service access is the phase where the service offering will be connected to the 
physical service network by a network or service operator. Where the previous
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phases were concerned about the defining content, this phase and onwards 
more or less technically conveying the content towards the end user.

are

5. Transport is taken care of by infrastructure owners that have the physical 
transmission capacity for content delivery. Compames able to sell long distance 
transmission capacity (e.g., telecom or power companies) can assume this role.

6. End-user access is the “last mile” physical local access over wireline or wireless 
connection. Examples of organizations in this part of value chain include 
telephone operators, cellular operators and cable television companies.

7. End-user interface is the physical equipment the users need to consume the 
content. Televisions, set-top-boxes, cellular phones and smart phones comprise 
only a fragment of possibilities.

8. Infrastructure equipment and system supply comprise organizations that sell 
physical goods to the companies above. They are not directly involved with the 
information value chain, but provide the players with equipment to conduct 
their business.

9. Advertising and sponsoring provides additional revenue to the value chain by 
buying advertisement space in various forms.

A company can assume several roles at once, e.g., of the service access and transport 
and end user interface. In the current cellular environment, mobile operators have 
taken a very broad role across the value chain. They are active in all steps including 
the first (content creation) and the last (end-user interface). Some operators in 
Japan and United Kingdom, for example, provide their own handsets, and some 
even create their own content in-house, thus controlling the entire chain. The small 
players of a single role inevitably have a hard time trying to get access to the market.

As mobile operators are the primary target for the prototype solution developed in 
this thesis, it is not obvious, in which point of the value chain the solution should be 
placed. However, compared to service access, the end-user access (mobile network 
in broad sense) is the place where the operators have most control. Therefore, it is 
the also the most logical place for the prototype.



Chapter 3

Network Environment

This chapter gives an overview to the technical network environment. Both mo
bile and fixed networks are discussed, after which relevant terminal technologies 
are surveyed. The end of the chapter is devoted to middleware technologies and 
frameworks that are used to connect external services and applications with mobile 
networks.

3.1 Overview of the Network Environment

The network environment of today can be split into three domains: access networks, 
the Internet, and intranets. The center of the network environment is naturally the 
traditional public Internet. Public services are located in the Internet domain to be 
accessible from all other domains.

Intranet is a private network set up by a corporation or other institution needing 
privacy for internal services. Intranets are typically connected to the Internet, but 
connections to outside world are often limited and monitored. The connection from 
the Internet to intranet services is always well guarded, if not totally forbidden.

Users connect to some point of the Internet over an access network using various 
methods such as modem, Integrated Services Digital Network (ISDN), Digital sub
scriber Line (DSL), cable modem, Local Area Network (LAN), and in increasing 
manner the mobile network. An Intranet can be seen as an access network as well. 
Internet Service Providers (ISPs) control the points, where access networks connect 
the Internet. The access network itself can be operated by various parties, e.g., local 
telephone company, cable television operator, or mobile operator.

9
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The consumers connect to the services in the Internet using different types of devices 
and various access networks, which causes challenges with striving towards a unified 
user-experience. Mobile users access the Internet services from the mobile domain. 
There is a multitude of different mobile network technologies, of which the focus is 
on the second and third generation cellular networks and how users there connect 
to the Internet services. The next subchapters will give an overview to the Internet 
and cellular network technologies.

3.2 Internet Technologies

The term Internet has been defined by the Federal Networking Council in 1995 as 
a global information system that:

1. Is logically linked together by a globally unique address space based on the 
Internet Protocol (IP) or its subsequent extensions/follow-ons.

2. Is able to support communication using the Transmission Control Protocol 
/ Internet Protocol (TCP/IP) suite or its subsequent extensions/follow-ons, 
and/or other IP compatible protocols.

3. Provides, uses, or makes accessible either publicly, or privately, high-level 
services layered on the communications and related infrastructure described 
herein.

Defined this way, Internet is the public connected world that can be addressed 
using the unique address space. The mobile world and private Intranets connect to 
the Internet but are not, strictly speaking, part of it, although the same Internet 
technologies are used there too. [19]

Specific aspects of addressing, protocols and services in the Internet will be discussed 
in a more detail below, but for a full description of the Internet technologies refer, 
for example, to [19].

3.2.1 Protocols

Basis for the internetworking is the Internet Protocol (IP), which is used for end-to- 
end communication in the Internet. Together with Transmission Control Protocol 
(TCP), it used for reliable transport over various networks. TCP/IP is based on the
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layered OSI reference model developed by International Organization for Standard
ization (ISO). While the OSI model has seven layers, the TCP/IP model consists 
of five. Figure 3.1 presents the relationships between the OSI and TCP/IP layers 
and used protocols. What is not visible in the figure is that an application pro
tocol can bypass the transmission and even Internet layers and implement its own 
functionality, but at least IP is needed for Internet-wide communication.

TCP/IP 
reference 

model

OSI reference 
model

TCP/IP
protocols

Application layer

Telnet, SMTP, HTTP, 
SIP, NNTP

Application layerPresentation layer

Session layer

Host-to-host 
transport layer UDP TCPTransport layer

Internet layer IP, ICMPNetwork layer

Network interface 
layer

Ethernet, Tokenring, ATMLink layer

Twisted pair, Optical fiber, 
Coaxial cable

Physical layer Physical layer

Figure 3.1: TCP/IP protocol reference model [19, 50].

Two versions of the IP protocol exist in the Internet. IPv4 (Internet Protocol 
version 4) is the current standard, and used in the public Internet. The most 
serious limitation of it is the 32-bit address space which, partly due to address 
allocation policies, is rapidly becoming short. IPv6 is the upcoming version offering 
128-bit address space, which should be sufficient for the foreseeable future. Other 
enhancements in the next generation IP include Mobile IPv6, which adds support 
for routing traffic to moving hosts (i.e., computers or other connected devices). [44]

TCP is used on top of IP to provide reliable transport of IP datagrams. User Data
gram Protocol (UDP) is another transport protocol that can be used for “best-effort 
connectionless transfer of individual messages”. While there is no error recovery or 
flow control, it is well suited to, for example, multimedia content. [19]

Application protocols are logically used for transferring data in an application spe
cific manner. An application protocol must be encapsulated inside one of the trans
port protocols TCP and UDP. Both of those use ports to find the right application 
on a single host. Common Internet application protocols include Simple Mail Trans
fer Protocol (SMTP), File Transfer Protocol (FTP), Secure Shell Protocol (SSH),
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Session Initiation Protocol (SIP), and Hypertext Transfer Protocol (HTTP).

HTTP is the most important application protocol in the context of this thesis. Orig
inally, it was designed to transfer Hypertext Markup Language (HTML) documents 
in the web using a request-response model. Since then, its functionality and use has 
been extended considerably. HTTP headers are a standard, customizable way to 
include additional data into requests and responses, outside of the actual data part. 
The data part carries the payload (content) of some content-type. As a contrast 
to many other application protocols, HTTP is often used to carry other protocols 
encapsulated inside its data part. The current version of HTTP is 1.1. [55, 44]

A remark should be made about the difference between the concepts of protocol 
and content. The most common example of content is HTML, which is usually 
transferred over HTTP. There is, though, no reason why one couldn’t use another 
protocol to carry HTML content. This applies to other application protocols as well, 
although some content types are very tightly integrated with the corresponding pro
tocol. In general, the layered architecture of Internet protocols allows encapsulation 
of protocols inside other, normally lower-level protocols. The same applies to some 
content types.

3.2.2 Addressing

In the Internet, each host is identified by a globally unique IP address, recognized on 
the Internet layer of the TCP/IP model. Because of the lack of addresses in IPv4, 
private networks (e.g., intranets and mobile networks) often use Network Address 
Translation (NAT), which allows private addresses from specific IP address space to 
be translated to a pubhc address (or addresses) and backwards. As the consequence, 
only the network element doing the translation is able to find the original host after 
NAT, and other hosts see only the address of this element. NAT is relevant especially 
in the later discussion on data in cellular networks. [44]

A service can be located in Internet using combination of protocol, address and 
port information. The Uniform Resource Identifier (URI) is common, although not 
the only way to combine the information. It is “a compact string of characters for 
identifying an abstract or physical resource” [2]. The relation to the commonly used 
term URL and less known URN is described as follows:

The term Uniform Resource Locator (URL) refers to the subset of URI 
that identify resources via a representation of their primary access mech
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anism (e.g., their network “location”), rather than identifying the re
source by name or by some other attribute(s) of that resource. The 
term Uniform Resource Name (URN) refers to the subset of URI that 
are required to remain globally unique and persistent even when the 
resource ceases to exist or becomes unavailable. [2]

In this way, the world wide web service of the Helsinki University of Technology 
can be found with the URL http : //www. hut .fi : 80/. Because the default port for 
HTTP protocol is 80, it can be left away leaving http : //www. hut .fi/. The human- 
readable textual representation of IP addresses is accomplished by using Domain 
Name System (DNS).

3.2.3 Services

The Internet protocols and addressing are just tools to implement higher-level ser
vices like World Wide Web (WWW) and e-mail. These two, and a couple of others, 
are of special importance also in the mobile context.

WWW browsing and e-mail are probably the most popular services in the Internet. 
A common misconception among everyday users is that the WWW is the Internet
[40]. Technically, the WWW operates over the HTTP protocol, and makes use of 
its request-response model. Apart from the plain information retrieval, it can be 
used, among other purposes, for various kinds of business transactions, gaming, or 
for locating and “launching” other services. It is also the premier example of the 
interaction mode browsing.

E-mail is another common Internet service. An e-mail address consists of a local-part 
and a domain, which together are used to find the right recipient. The sender sends 
the message using the local mail server. The mail transfer is based on the store- 
and-forward method, where the message may wait on intermediate servers until it 
reaches the destination: the recipient’s local mail server. The end-user has various 
ways to read the mail, depending on the service provider and terminal device. The 
user might use a client program, and access the mailbox over Post Office Protocol 
(POP), Internet Message Access Protocol (IMAP), or directly through a file system. 
The service provider may also choose to provide the mailbox contents as a WWW 
service. Due to the relaying and end-user’s access methods, e-mails don’t reach the 
recipients instantly, but only after the message has reached the destination server, 
and the end-user’s e-mail client connects it for new messages. As an implication,



CHAPTER 3. NETWORK ENVIRONMENT 14

the sender cannot be sure when the recipient will read the message. Thus, e-mail is 
better suited for situations where immediate response is not needed.

Instant messaging tries to solve the problem of lacking immediacy. There are various 
competing systems, including ICQ, Yahoo, MSN and AOL Messengers, which don’t 
communicate mutually with each other. The basic operating principle is similar to 
the Internet e-mail in the sense that distributed servers handle the messaging traffic, 
and users connect to them with chent programs. The difference is the concept of 
presence: the server is constantly aware whether the user is logged onto the server, 
in which case messages are immediately transported to the recipient. Some systems 
use direct peer-to-peer connections between chents, but the basic idea is still similar.
[14]

The fourth Internet service presented here is streaming, which means “simultaneous 
transmission and usage of data, in which the use begins before all the data is trans
mitted to the user” [29]. In practice, this means for example sending real-time flows 
of audio and video over Internet. The real-time nature of streaming sets special 
requirements for underlying network infrastructure and protocols. On one hand, 
the intermediate network elements should be able to guarantee adequate Quality of 
Service (QoS), so that enough data can be transferred per time unit. On the other 
hand, the application, content, and protocol should adapt to changing network con
ditions, like available bandwidth and delay. The QoS has undergone lots of research, 
but support for it in the heterogeneous network environment of the Internet end- 
to-end is still poor. On the protocols side, Real Time Protocol (RTF), Real Time 
Control Protocol (RTCP), and Real Time Streaming Protocol (RTSP) are the most 
important developments for carrying the actual content, the related control infor
mation, and for controlhng the streaming (in the sense of a virtual remote control), 
respectively. Finally, there are many content types, that can be streamed. Examples 
of them are the proprietary Real Media and Windows Media formats, and MPEG-4 
(an ISO standard). [39, 38, 23]

3.3 Cellular Networks

Term mobile network is defined as a telecommunication network designed for mobile 
communications. A mobile network supports mobility through handovers, roaming, 
or comparable technology. [29]

The choice of technology can be based on several factors. At least the following
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characteristics have an effect on the user experience:

• Network coverage

• Network speed

• Degree of mobility

From network operator’s point of view there are additional factors like:

• Regulatory issues, especially allocation of radio frequencies

• User authentication (e.g., for charging purposes, the user must be identified)

The current mobile networks make use of several technologies: packet radio, cellular 
telephony, trunked radio, paging, cordless telephony, satellite radio, and Wireless 
Local Area Network (WLAN). Of these, the cordless telephony (e.g., DECT stan
dards based) is merely a local extension to the Public Switched Telephone Network 
(PSTN) and allows no real mobility. WLAN is a high-speed, low mobility technol
ogy with local coverage1. The cellular telephony, on the other hand, addresses needs 
for relatively low speed, wide coverage area, and high mobility. [20]

Cellular networks use frequency-reuse principle to conserve the usage of the rare 
radio frequencies. The total coverage area is divided into regional cells that each 
have a base station near the center of the cell to take care of communication with 
mobile stations (i.e., mobile phones). The base stations in neighboring cells are 
assigned different frequency bands to avoid signal interference. Figure 3.2 shows 
how a region of the coverage area is divided into hexagonal cells using a honeycomb 
pattern and seven different frequencies. In real world, the cell shape and size are 
not regular, but are affected by terrain features, antenna characteristics, and user 
density.

There are several channelization techniques that are used to accommodate several 
concurrent users to the frequency band of one base station: FDMA, TDMA, and 
CDMA. In FDMA, the total available frequency spectrum is divided into several 
narrow bands that can be assigned to individual users. In TDMA, the channel 
is organized into time slots. Each user can send and/or receive during one slot, 
after which the next user can continue. CDMA is based on the spread-spectrum 
technique, and assigns each user a pseudo-random code to distinguish their signals 
in concurrent transmission. Look [19] for more discussion on the channelization.

Places with local WLAN access are called hot-spots
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Figure 3.2: Theoretical cellular network structure.

3.3.1 First and Second Generation Network Evolution and Stan
dards

Cellular networks have gone a long way from the early days of the 1980’s. All the 
way, the voice has been the driver for network evolution. After first generation 
networks like NMT and AMPS, the second generation came operational with the 
European TDMA system GSM in 1992.

After GSM, three other standards, cdmaOne, TDMA and PDC, emerged on other 
regions of the world (see figure 3.3). In North America, a series of Interim Standards 
were developed for second generation networks. CdmaOne (IS-95) dominate the 
North American market with the U.S. TDMA (IS-136), which - although using the 
same operating principle - is incompatible with GSM. GSM is gaining popularity, 
even so much, that the existing IS-136 networks are being migrated to GSM [7, 41]. 
The same CDMA and TDMA (including GSM) based networks are used also in 
the Asian-Pacific region. The Japanese have their own TDMA variant called PDC, 
which has been used exclusively by the largest operator NTT DoCoMo [24, 35].

3.3.2 2.5G Networks

The second-generation networks were originally designed for voice calls. Data trans
fer was only possible with Circuit Switched Data (CSD); a data call analogous to 
a PSTN modem connection. In this mode, an active call always occupies fixed 
amounts of resources for its duration. The problem with this approach is the inflex
ible resource allocation and poor user-experience. No matter what amount of data 
is to be transferred, there is a fixed capacity reserved and available, and the user is 
charged according to the duration of the session. In GSM and cdmaOne, the rate
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Figure 3.3: Global shares of cellular standards (EMC: November 2002 [7]).

was only up to 14.4 Kbps.

This led to the development of 2.5G networks as an evolutionary step towards third 
generation networks. The solution was to add packet data service to the existing net
works2. In GSM this was achieved with the General Packet Radio Service (GPRS) 
standard, which maintained the existing radio interface, but aimed for the following 
enhanced features [53]:

• Always on] allows sending or receiving of data at any time

• High bit rates; an actual bandwidth roughly equivalent to a wirehne modem

• Improved usage of radio resources; same radio channels shared between several 
users

• Separate allocation of uplink and downlink channels

• Simultaneous voice call and data transfer

• Billing based on volume

Figure 3.4 depicts the key network elements and interfaces in a GSM/GPRS network. 
The physical radio transmission between the mobile station and cellular network

2Additionally, High Speed Circuit Switched Data (HSCSD) was developed for GSM. It allows 
users to simultaneously reserve up to four radio channels to achieve the maximum of 57.6 Kbps 
transfer speed. This is good for applications that need constant bit rate (e.g., multimedia stream
ing), but inherently inefficient for bursty Internet traffic.
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The GPRS upgrade introduces new functional elements to the GSM network. The 
Packet control unit (PCU) in the base station system takes care of packet segmen
tation, radio channel access, automatic retransmission and power control [53]. The 
Serving GPRS Support Node (SGSN) keeps track of the individual mobile stations’ 
location and performs security functions and access control. It is located at the 
same hierarchical level as the MSC, and the base station system connects to it with 
a frame relay connection. The Gateway GPRS Support Node (GGSN) provides in
terworking with external packet data networks (such as Internet). It is connected 
with SGSNs via an IP-based GPRS backbone network which contains several sup
porting elements; for example, for roaming and lawful interception purposes. The 
external connection is accomplished over the Gi interface, which specifies the inter
working in detail. Connection to IP networks is naturally the most important one.
[47]
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is carried out by the Base Station System (BSS), consisting of Base Transmitter 
Stations (BTS) and a Base Station Controller (BSC), which manages the radio 
resources and handovers within the BSC coverage area. In the circuit-switched do
main, the base station systems are connected to a Mobile Switching Center (MSC), 
which holds all the switching functions between the base station systems, and to
wards the public switched telephone network. The Visitor Location Register (VLR) 
stores the dynamic information of active users within its region, while the Home 
Location Register is used to store the static subscriber information. [9]
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When a mobile station wishes to communicate with packet data, it needs to request 
a PDP context activation from the core network. The SGSN creates a connection 
to a GGSN the user has identified with an Access Point Name (APN). The GPRS 
Tunneling Protocol (GTP) is used to carry the data of a single context between the 
SGSN and GGSN. The GGSN converts the tunneled data to normal IP traffic and 
forwards the data to the destination configured for that APN. The destination may 
be, for example, a WAP gateway, an operator’s Internet gateway (also known as a 
border gateway), a third party Internet service provider, or corporate intranet. The 
aforementioned Gi interface specifies the protocol transform as well as additional 
functionality, like use of RADIUS for authentication and accormting. [46]

The theoretical maximum transfer rate with GPRS is 171.2 Kbps, but in practice 
the terminals and real world conditions limit it to around 40 Kbps. Enhanced Data 
Rate for Global Evolution (EDGE) triples the transfer rate offered by GPRS by 
using a new radio modulation scheme. The new scheme needs upgrades on both the 
radio network and terminal sides, thus slowing down the deployment.

In CDMA, the IS-95B standard was developed in 1997 on top of the existing IS- 
95(A). It allows for 64 Kbps “burst mode” data rates in both directions while pre
serving the current air interface [17]. In Japan, NTT DoCoMo introduced packet the 
upgrade PDC-P to its existing networks. PDC-P allows for 28.8 Kbps transfer rates, 
but to keep the terminals simple, the premier data service of NTT DoCoMo, i-mode, 
uses only 9.6 Kbps [13]. The U.S. TDMA is migrating towards GSM/GPRS/EDGE, 
because of which there is no need for a real 2.5G evolution path for the existing tech
nology.

3.3.3 Third Generation Cellular Networks

The third generation cellular networks aim for faster data rates, further increased 
spectrum efficiency, new network services and applications, and seamless roaming
[20]. The International Telecommunications Union (ITU) originally strived to a 
single standard in its International Mobile Telecommunications 2000 (IMT-2000) 
work. However, no consensus was reached, and currently there are two compet
ing technologies being developed, Universal Mobile Telephone System (UMTS) and 
cdma2000.

The UMTS work has been done within the Third Generation Partnership Project 
(3GPP), which is a collaboration agreement between a number of telecommunica
tions standards bodies. UMTS is specified in several subsequent editions called
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releases З3, 4, and 5. It comes in two different but related modes [53]:

• CDMA-direct spread, which is also called Frequency Division Duplex (FDD) 
or Wideband-CDMA (W-CDMA). This is considered as the main mode, and 
initially offers data rates up to 384 Kbps. Later on, High-Speed Downlink 
Packet Access (HSDPA) technology will increase the data rate to 2 Mbps and 
above.

• CDMA-TDD (Time Division Duplex). This offers data rates up to 2 Mbps.

Mode is the main characteristic of the UMTS Terrestrial Radio Access Network 
(UTRAN) which, together with the core network, forms the mobile network. In 
release 3, the UTRAN is similar to the GSM/GPRS RAN except for a different 
air-interface, and the core network directly uses GSM/GPRS technologies. Releases 
4 and 5 specify evolution to all-IP radio and core networks.

3GPP is also responsible for further development of the GSM (including GPRS) 
and EDGE technologies. Despite the new FDD and TDD modes, the GSM/EDGE 
will stay as a radio access technology in, for example, rural areas. The GSM/EDGE 
Radio Access Network (GERAN) will be compatible to the UTRAN in the 
that it can be connected to the UMTS core network, and it will provide the 
kind of services although on lower data rates [53, 45].

A sister project to 3GPP, the Third Generation Partnership Project 2 (3GPP2) 
formed to take care of “North American and Asian interests” in 3G, and specifically 
to develop the cdma2000 air interface, which is evolution to the existing cdmaOne 
networks [49]. Cdma2000 is being developed in the following steps reflecting the 
radio access technology [53]:

sense
same

was

• cdma2000 lx - an evolution to cdmaOne, providing packet data service up to 
144 Kbps. Called also CDMA IxRTT.

• cdma2000 IxEV-DO - introduces a new air interface that supports higher 
data rates (Downlink up to 2.4 Mbps, uplink 153 Kbps) using a separate radio 
channel. This fact makes the simultaneous data and voice connections difficult 
to implement.

• cdma2000 IxEV-DV - introduces all-IP architecture for both radio access and 
core networks. Data rates are up to 3 Mbps.

3Formerly called “release ’99”.
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The most important difference between cdma2000 and UMTS is the used radio 
spectrum. Cdma2000 can reuse the existing 2G spectrums, while the UMTS requires 
a completely new one. In addition, because cdma2000 is the direct evolution to 
the existing CDMA networks, the core network differs from UMTS which is based 
on GSM evolution. Where UMTS uses GGSN, cdma2000 employs a Packet Data 
Service Node (PDSN), through which the traffic flows to the Internet. However, 
outside the core network this has little effect. The fact that cdma2000 also allows 
for using mobile IPv4 instead of the traditional version, allows for applications that 
need uninterrupted connectivity.

3.4 Mobile Terminals

A terminal device is needed to consume content in the mobile context. Mobile 
phones, personal digital assistants (PDAs) and laptops are the most common types 
of end-user terminals, but there are also various kinds of portable music players 
and other specialized devices that loosely belong to the same category. However, 
the networking and user interface capabihties of the latter are very limited, which 
makes them unusable for onhne browsing. The aim of this section is to examine 
features of the products currently in the upper-end of the market only, because of 
the short product life cycle. The fast pace of the development will soon make them 
the “standard”, and a bit later outdated.

3.4.1 Device Capabilities

The varying device capabilities are a major problem for the content providers, who 
should make their content accessible with device categories starting from a tiny WAP 
phones and ending to full-fledged laptop computers. Five device properties stand 
out when we think about the possibihties the devices offer for content consumption:

• Available memory capacity

• Display size, resolution and colors

• Networking capabilities

• Content capabilities (i.e., which types of content are supported)

• Application capabilities (i.e., what are the possibilities to download and run 
custom applications on the device)
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Networking The device design must balance these with other features like price, 
size and power consumption. As this thesis is interested especially in the content 
delivery, the networking capabilities are starting point for the discussion. In the 
newer mobile phones, a 2.5G based packet data connection up to a few Kbps is 
the current standard. The first 3G networks and phone models with higher transfer 
rates have been taken in use in Japan some time ago, and Europe is following behind 
with more recent launches, e.g., in United Kingdom. In Japan, the start has been 
very slow, and estimates about wider adoption of 3G technologies are hard to make. 
However, latest developments have shown that as better terminals start to emerge, 
the people are more willing to use the new networks, too.

WAP 1.x is the dominating transport method in the current 2.5G mobile phones. It 
can transfer basically any data, but naturally the phones’ content capabilities limit 
the usage. WAP 2.0 uses standard TCP/IP and HTTP instead of the WAP protocol 
stack, which isn’t based on Internet protocols. This brings the environment closer 
to the standard Internet networking model. [54]

Laptop and PDA users have more choices with the networking. One option is to use 
the mobile phone or cellular data card as a modem for data connection. WLAN is 
another possibility, now also used by some of the newest mobile phones. It provides 
much higher transfer rates (typically up to 11 Mbps), but is limited by means 
of mobility. In public places, coverage is available at hotspots located in hotels, 
airports, bars, etc. Moving outside hotspot means, that the connection must be 
terminated, or degraded to normal cellular data (if the terminal supports such dual
mode operation). As mobile IP is not used in the majority of commercial networks, 
the applications must re-establish the connections. It depends on the application 
whether this is a problem or not. Another problem in using content services over 
WLAN is the same as in the Internet: identifying and charging users has not been 
standardized, which in turn makes it hard to provide commercial services for hotspot 
users.

Content Display, memory and content capabilities come hand in hand after net
working. Laptop users can consume practically all possible content provided that 
the computer has necessary software installed. Display and memory are not issues. 
Phones are much more restricted in terms of functionafity and physical features. 
PDAs are in the middle of these, although the new smartphones blur this division. 
In general, PDAs provide more flexible input methods and slightly larger screen 
than phones, typically up to QVGA size (240 x 320 pixels) depending on the form
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factor. Both new phones and PDAs have color displays.

Speaking of content capabilities, there is certain “orthogonality” between phones, 
PDAs and laptops. The content types the typical mobile phones support are not 
normally used in laptop environment and vice versa. WAP pages are a good example 
that need special software in the Internet oriented laptop environment, but which 
are natively supported in most GSM phones. Even if the content can be downloaded 
and viewed, it may not make much sense. Consider, for example, some tiny images 
that are targeted to mobile phones; on a laptop screen their value is next to nothing. 
If the content is commercial, the protection (i.e., Digital Rights Management) raises 
issues, too. The DRM solutions built into the phones are not directly usable in 
other environments. Even if the content itself was directly usable, the protection 
prevents the use without a DRM client.

However, like in networking, some convergence seems to take place among the con
tent types for Internet and mobile. WAP 2.0 introduces the Extensible Hypertext 
Markup Language Mobile Profile (XHTML MP) as the standard document type for 
browsers. This follows the general XHTML standardization trend in the Internet 
led by the World Wide Web Consortium, but is accommodated to the mobile envi
ronment. Of other content types, 3GPP has standardized ISO MPEG-4 based video 
format for mobile use. Plain images use the same formats as in fixed Internet, but 
smaller sizes are used due to smaller screens and limited network resources. [54, 23]

Applications Custom applications are actually one type of content that can be 
downloaded to the phone. Sun’s Java 2 Mobile Edition (J2ME), and Qualcomm’s 
Binary Runtime Environment for Wireless (BREW) are the most popular plat
form independent runtime environment. Symbian OS and Microsoft’s smartphone 
and PDA operating systems provide customization through native programs. What 
makes them especially interesting is their use of networking. Normally, the phones 
use the networking capabihties for a pretty well-known set of purposes: browsing, 
e-mails, messaging, and probably streaming. Custom applications expand this set 
rapidly, and for application developers, it is very important that the networking 
functions coherently across devices and networks. Such applications are, for exam
ple, much more sensitive to automatic content transformation, which would only 
help ordinary mobile browsing.
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3.4.2 Conclusions

The conclusion is that the content aimed for mobile use must be optimized for the 
limited displays, processing power, networking, and other features. The devices that 
are primarily used with fast Internet connection, are mostly not optimized for mobile 
use, as the content that can consumed using them is different. Finally, networking 
must behave coherently, as the standards say. Otherwise the apphcations must be 
developed separately for every platform and network, which effectively destroys the 
benefits from common programming environments.

3.5 Service Middleware

Meaning of the word “service” is very vague, ranging from something very technical 
to more business-oriented. The previous chapters have discussed lower-level services 
in the Internet and cellular networks. Service Middleware refers to network specific 
services, that allow the network operator and third party service providers to build 
higher level services for end-users. The following subchapters present the most 
important technologies.

3.5.1 Intelligent Networks

The term Intelligent Networks (IN) was first introduced by Bellcore in the 1980’s, 
following the deployment of ‘800’ number services in the US. IN was standardized 
by the telecommunications sector of the International Telecommunications Union 
(ITU-T), and the European Telecommunications Standards Institute (ETSI). [21]

The network functions that form the IN architecture are service switching, service 
control, and service management and service creation. Figure 3.5 illustrates the 
IN architecture, where the service logic is kept independent of the switching and 
transport in the network. [21]

The Service Switching Point (SSP) detects incoming calls. It communicates with 
the Service Control Point (SCP), which is the node containing the service execution 
logic, to obtain information on how to set up the connection. If proper triggering 
information is detected, the SCP is invoked, and the caller gets the service defined 
in the SCP (e.g., the call recipients voice mail box if he’s not answering). Intelligent 
Peripherals (IP) are used for to implement such functions. [21]

Customised Applications for Mobile network Enhanced Logic (CAMEL) defines a set
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Figure 3.5: Simplified IN architecture [21].

of standardized interfaces for IN services. It was standardized by ETSI as a part of 
the GSM work. Despite of the existing standard, the real world situation is 
in the sense that few operators have a standards based IN system in operation. In 
the past, practically all vendors implemented their own interfaces, which are still 
largely in use in live networks. [10, 28]

worse

Analogy in Packet Networks There is a clear analogy between the call model 
of the Intelligent Networks, and use of browsing based Internet services. Instead of a 
circuit-switched phone call, the user is making a request to a service residing in the 
Internet. In the simplest case, the request is just routed from the mobile network 
to the Internet and the response is sent directly back to the user.

A more intelligent node on the route to the service can execute some advanced logic 
for the request. For example the content could be routed through a performance 
enhancement proxy, which transforms the returned content (e.g., resizes an image) 
to better fit the mobile terminal and network. Another action could be blocking 
based on the nature of service.

As a conclusion, an approach similar to IN can be used to trigger certain service 
logic for user transactions. The solution is, though, completely proprietary unless 
there are standards that define how the triggering and service execution in networks 
are done.

3.5.2 OSA / Parlay

The Parlay Group was established in 1998 to develop APIs that would allow enter
prises to access core network capabilities. The APIs would allow third parties to 
make use of the telecom functionality residing in the network, and applications to
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be developed in a large developer community. As an effect, innovative applications 
could be created faster, and the network operators could extend their service port
folio. The aim was not to focus on specific network technologies, but to make the 
APIs network agnostic. Similar work was also started within 3GPP and ETSI under 
the name Open Service Access4 (OSA). Since then, the work within the initiatives 
has been fully aligned, and the newest specification (Parlay release 4.0) has been 
produced jointly. [22, 11]
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Figure 3.6: OSA/Parlay logical architecture [22].

Figure 3.6 presents the logical architecture of OSA/Parlay APIs. The APIs present
ing the core network capabilities are offered by Service Capability Servers (SCSs). 
Applications in the service network access the capabihties (and get accessed) through 
the APIs. The capabilities are divided in 14 areas called Service Capability Features 
(SCFs) related to call control, user interaction, messaging, and charging, among 
others. In addition, the specification defines a core network side Framework, which 
provides interfaces for security, and SCF registration, discovery, and execution. The 
core network is controlled by the network operator (e.g., a mobile operator or ISP), 
while 3rd parties control their fragments of the service network. Network operator 
can also use the APIs internally, in which case the service network resides in the 
operator domain. [22, 11]

‘‘Originally Open Service Architecture, but was re-termed later.
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The API itself is object-oriented by nature. The interface classes are specified in 
UML, and the interfaces in IDL and WSDL5. Hence, the specification doesn’t restrict 
the actual implementation language, but there is a clear emphasis on Java. One 
possibility is to use CORBA for remote method invocation. [11, 50].

The OSA/Parlay extends the Intelligent Networks model, which was based on trig
gering an application for incoming call. The real difference to IN is that the external 
application requests actions from the core network. In most situations, the user in
vokes the application, which then makes use of an OSA/Parlay API, whereas in IN 
the action is triggered in the core network. In OSA/Parlay, applications can still 
set triggers in the core network as a part of their operation, but the actual imple
mentation of them is not in scope of the specification. It is up to the implementor 
of service capability servers and related network elements.

For more in-depth information about the OSA/Parlay API usage model, Moerdik 
and Klostermann present a comprehensive example application using the OSA/Parlay 
Framework and some SCF’s in [22].

3.5.3 MITA Approach

The Mobile Internet Technical Architecture introduced in chapter 2.1 has the goal to 
provide a user-friendly Mobile Internet experience. It proposes Mobile Web Services 
to be used in the service middleware layer to enable service creation between the 
web and mobile domains. The approach emphasizes the role of the operator as a 
trusted party, who has control over the end-user information and charging, but still 
protects the users’ privacy. [44]

Basic idea of the Mobile Web Services is very similar to the OSA/Parlay approach: 
third party services and content providers operating in the web domain are provided 
with a set of business-specific interfaces that expose core network functionality in 
an appropriate way. In addition, some of the services can be used from the mobile 
domain - i.e., with the mobile device. The term Mobile Web Services refers to 
the use of standard Web Services approach6 for the definition of these interfaces. 
Where the OSA/Parlay has the focus of defining the framework and architecture 
for implementation, MITA proposes potential candidates for the interfaces: [44, 22]

5Web Services Definition Language, which is used for describing Web Services.
6Web Services provide a way to implement and publish services that can be used between 

organizations. The related set of standards, coordinated by W3C are based on known and emerging 
technologies like XML, HTTP, WSDL, Universal Description, Discovery and Integration (UDDI), 
and Simple Object Access Protocol (SOAP).
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• Delivery with payment enables commercial content download to a mobile de
vice. When the end-user makes a request for some content, the content 
provider uses the service interface to initialize a micro-payment. The delivery 
is guaranteed in the sense that the charging takes place only after the user has 
got the content.

• Notification interface is used for bidirectional messaging between mobile and 
web domains. It can hide the actual delivery method as it has knowledge of 
the end-user’s terminal capabilities.

• Device profile provides information about the end-users device. Content pro
viders in the web domain use it to get device capabilities for customizing 
content, or for example selecting the delivery method.

• Authentication allows applications to check the consumer identity for example 
for personalization purposes. In verinymous authentication, some real end-user 
information (e.g., phone number) is exposed to the third party. Pseudonymous 
authentication provides the external party information, which cannot be used 
to identify the real person, but still doesn’t change between the uses of the 
application.

• Presence interface provides dynamic information about the end-users’ sessions, 
physical context, or willingness to participate in a certain type of communica
tion.

• Location interface provides the physical location of the consumer.

• User profile provides customer information for personalization purposes.

The real value of such interfaces lies in the standardization. With standardized Mo
bile Web Services, the companies in the web domain could use the same technology 
as several operators instead of custom integration one by one. While the interfaces 
are described above are just proposals, a lot work is needed to realize them. The 
Open Mobile Alliance (OMA), an industry forum of over 200 members, is one place 
where this kind of standardization work is done.



Chapter 4

Mobile Content Services

Radio, television and newspapers are probably the most established ways to dis
tribute content. The Internet, although being a relatively new media, has also 
established its status as an important information channel. Due to its interactive 
nature, it has also revolutionized the possibihties of information search. Hence, the 
idea of content services is not a novel one, but to provide content for mobile users 
is a relatively new phenomenon. What makes the mobile context special is the 
strongly situational nature of the use. At the same time, the utility value of the 
content is emphasized, be it information or entertainment. In other words, there is 
often reason or need to seek for content from a specific service.

The services in the mobile world are often called applications because of their limited 
scope. Several ways exist to classify the apphcations. The one that is used in MITA 
is presented in table 4.1.

Category Services

Content News, Banking, Finance, Local Services, Buy and Sell, 
Travel, Music, TV, Lifestyle, Fun, Games, Astrology, Dat
ing

Communication Messaging, E-mail, Fax, Rich call

Organizers, Personal Assistants, Tools

Intranet and Extranet Access, Information Management, 
Enterprise Communication, Virtual private networks, 
Telematics

Productivity

Business

Table 4.1: Mobile apphcations [44].

29



CHAPTER 4. MOBILE CONTENT SERVICES 30

The second category has played the most important role so far. Communication,
i.e., voice calls and messaging, has been the primary driver in cellular network busi
ness. Only now, when the terminals are becoming more sophisticated, 2.5G cellular 
networks have been largely deployed, and operators are thinking the rationale for 
third generation networks investments, is the content business slowly taking off.

Like there are several categories of mobile content services, several ways exist to 
deliver the content to end-users, too. While SMS is still the leader in most regions 
of the world [4, 36], it is not very well suited for advanced content. Browsing and 
the new messaging technology MMS allow for a richer user experience with newer 
terminals.

When talking about digital content, Digital Rights Management (DRM) has to be 
taken in account in one way or another. In its simplest form, the terminal software 
just prohibits forwarding or altering received content in any way. Cryptography and 
digital certificates, together with terminal support, can be used throughout the value 
chain to protect the content rights. In the Internet business, the well-known Real 
Networks, for example, has a proprietary DRM implementation. Open approaches 
for the same problem include the Open Digital Rights Language ODRL initiative and 
the competing extensible rights Markup Language (XrML), both based on XML. 
The Open Mobile Alliance has released an ODRL based DRM specification for 
mobile applications. In addition to the rights definition, it addresses the content 
delivery in mobile networks. [31, 56, 32, 33]

Existing Services4.1

The mobile services market has not been developing in the same way in all regions 
of the world. The varying consumers require different apphcations, terminals, and 
services, and the operators have different strategies to fulfill the needs. The following 
sub-chapters will take an in-depth look into the applications on the three most 
important markets: Asia, Europe and North America. Each market is discussed 
through a market overview and a more detailed case study, which should reflect the 
“advanced” service offering on that market.

4.1.1 Japan and Asia

Japan has been often referred as the most developed market in what comes to 
mobile content services. With no doubt, this is due to the popular i-mode service
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of Japan’s largest mobile operator NTT DoCoMo. The success has also encouraged 
innovative competitors to enter the market. In the rest of Asia, led by South Korea, 
the content services are emerging along with the CDMA IxRTT networks and 
color-display terminals. China is becoming the worlds largest market with over 190 
million subscribers, but according to estimates it will not dominate the global mobile 
revenue statistics in near future. [35, 6, 36, 15]

new

Case: NTT DoCoMo i-mode i-mode is a service which allows end-users to 
receive and send information using an i-mode enabled mobile phone. NTT DoCoMo 
launched it in Japan 1999, after careful research. Lately, the concept has been sold 
to a few European operators too, tailored for the existing technology environment.

The original idea was to provide value-added services for young people. The main 
difference over its European cousin WAP is that it has never been marketed with 
the technology aspects like “bit rate” or “packet data”. The services are an integral 
part of i-mode, whereas WAP is merely an enabhng technology for service 
NTT DoCoMo has control over the technology of the whole i-mode concept, thus 
dictating the way third parties can participate.

For end-users, i-mode provides the following functionahty[30] :

access.

• Send and receive e-mails

• Send and receive messages (comparable to SMS)

• Download and use software apphcations

• Browse content on the official i-mode sites and the Internet

There are two categories of content: official and unofficial. NTT DoCoMo authorizes 
the official content, and the sites are directly accessible from the i-mode portal 
(called i-menu), visible in the i-mode phones. The criteria for authorization include 
customer support, frequent updates, and value to the user. The major advantage 
of being an authorized content provider is that they get to charge a monthly fee in 
the users’ phone bill. Disadvantages include restricted freedom to develop content, 
and the relatively low upper revenue limit per user per month1. The unofficial i- 
mode sites are just like any Internet web-sites, but have their content in an i-mode 
compatible format. Users find the sites using i-mode search engines and direct

1In 2002 the limit was ¥300 (2.61 euro).
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N ews/Weather/Information 

Credit card/Securities/Insurance 

Mobile banking 

Travel/Traffic/Maps 

Shopping/Living 

Gourmet/Recipes 

Melodies/Karaoke 

Screensavers/Pictures

Games

Sports/Hobbies 

Horoscopes/Fortune-telling 

Music/TV/Radio information 

Magazine/Entertainment information 

Local information 

Dictionary/Other resources

Table 4.2: i-mode content categories.

URLs the users commonly e-mail to each other. While being an unofficial site gives 
independence from the operator’s rules, there are the obvious drawbacks related to 
billing and exposure the site gets among users.

There are nearly 2000 web sites in 15 categories providing official content. Table 4.2 
presents the categories, all of which fall under the MITA application class “content”. 
The amount of unofficial sites has been estimated to around 50,000. Content in 
these sites partly falls under the same categories, but the majority tends to be 
“daring” in nature, including dating, gambling and adult content. [13]

Compact HTML (cHTML) mark-up language is used for the browseable content in i- 
mode. This brings the browsing and navigation model very close to Internet. Unlike 
in WAP, developing content is pretty straightforward with some knowledge of the 
standard HTML. Other “valuable” content include images and sounds, which 
be downloaded to the phone as well, for example, for phone customization purposes.

The premium content is charged mainly using subscription fees, of which a share 
goes to NTT DoCoMo. Additionally, the users pay for transferred volume, i.e., a 
fixed price for every kilobyte. DoCoMo gets the majority of its i-mode revenue from 
volume charges and shares of the subscription fees. The users seem to understand 
this model fairly well, even though the concept of “volume” is quite abstract to less 
computer-literate people.

Technically, the Japanese i-mode is based on the PDC-P cellular network technology, 
whereas the European version uses GPRS in a GSM network. The most important 
element of an i-mode enabled network is the i-mode server, also called GRIMM 
server. It is effectively a gateway between the end-user and the content providers,

more

can
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and contains the i-mode menu pages, e-mail gateway, and takes care of charging- 
related tasks.

As a conclusion, there is nothing revolutionary in the i-mode technology. Rather, 
the key factors behind the success seem to be:

1. High quality content services that really have value to the end-users.

2. Accessibility, i.e., user-friendliness

3. Effective marketing

The number and quality of the content services together with ease of use are some
thing not seen in Europe. The European mobile offering has been merely an ex
tension to Internet portals, whereas the i-mode sites have been carefully tuned for 
mobile use. The i-mode technology supports the business model based on monthly 
subscriptions and revenue sharing. Clearly, the model has been good enough for 
third party companies. As the technology for developing content is not a barrier 
from the content provider’s side either, NTT DoCoMo has succeeded to gather a 
representative portfolio of content for its customers.

Accessibility is another dimension directly visible to the end-users. NTT DoCoMo 
has been in the favorable position to dictate the terminal, as well as the content 
technologies according to its vision. The terminals support direct access to the i- 
mode menu, and the terminal featmes are “in-sync” with the content capabilities. 
Furthermore, official i-mode content sites are guaranteed to be easy to use due to 
conformance with the DoCoMo standards.

Marketing is, of course, important when introducing this kind of service for wide 
audience. Although not analyzed further here, it seems to have been enough to 
invite customers when the technology and content aspects have been in a fit state.

4.1.2 Europe

The Europeans have enjoyed over ten years of Europe-wide GSM based voice and 
short messaging services. The mobile communication has proven extremely popu
lar, but the content business lags far beyond. Although WAP technology has been 
available for several years, very few users really browse the “Mobile Internet”. In
stead, the existing content business is almost entirely based on SMS, using which 
the users can order and receive simple content including ringing tones, pictures and
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news flashes. There has been only minor demand for more advanced content delivery 
methods. [4, 12]

Lots of explanations have been given for the poor development. Among the most 
popular is the blame that marketing has been technology, not service driven. The 
terminals have certainly not encouraged WAP usage, either. But very few operators 
have even tried to deploy something i-mode like on the WAP platform, and they 
haven’t had clear business models and technology for this kind of services. For the 
independent content providers, it has been next to impossible to do any business on 
browseable and downloadable content. SMS based services, on the contrary, have 
been relative easy to set up and use.

Although the development has been slow so far, the GPRS networks and new ter
minals are changing the situation. Operators typically have their own WAP portals 
with content from a Umited set of partners. Speaking of the two major Finnish 
operators, for example, even though one cannot speak of a very wide selection of 
content services, at least the latest terminal featmes, like color displays, download
able applications and polyphonic ring tones are supported. Some location based 
services have been introduced, too. In general, there are few operators, that have 
launched a comprehensive mobile offering for their customers.

In Emope, the users are billed using both pre- and postpaid plans. In a prepaid plan 
the user pays for the mobile use in advance, and the balance is deducted during use 
in real-time. This model has proven very popular in central and southern Emope. 
Postpaid is the dominant way to pay for mobile phone usage, e.g., in Scandinavia. 
In postpaid, the usage information is gathered, and periodically billed from the user.

Case: Vodafone live! Vodafone is a global mobile operator, who has its roots 
in the UK, but now has subsidiaries around the world. In 2002, it launched the 
Vodafone live! service in eight European countries, including the United Kingdom. 
The service is an i-mode style integrated offering, that combines several technologies 
(WAP browsing, multimedia messaging (MMS), instant messaging, and e-mail) in 
a single marketed service. To ensme compatibility with end-user devices, Vodafone 
uses an approval procedure, in which the terminals must fulfill at least the manda
tory requirements (color display and MMS support) before they get accepted as Uve! 
compatible. The optional requirements are support for polyphonic ring tones and 
Java. [37, 51]

The Vodafone live! services are Usted in table 4.3. The majority of the browseable
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Application/service Description

Portai services The main category for browseable content, e.g., 
sports, news, weather, and entertainment.

Subcategory for services that cat get the phone’s 
location.

Polyphonic ring tones and downloadable games.

Picture messaging, instant messaging and e-mail 
for mobile users.

Location-based services

Downloads

Messaging and e-mail

Table 4.3: Vodafone live! services [37, 52].

content is produced by a single company, Vizzavi. This is a clear distinction to 
the i-mode business model, especially because the initial selection of content ser
vices seems to be modest, at best. Vodafone states that the relationship to the 
external content providers is more partnership-hke than in Japan. Practically, this 
means that deeper cooperation is needed to establish business, both on business and 
technical levels. [37, 52]

The content itself consists of WAP pages and linked downloads. Premium content 
is charged using event-based charging, while rest of the traffic is charged based on 
volume. Subscription based charging is not used. The event-based charging means 
charging a fixed sum per transaction, for example, for a game download. In Europe 
the volume charging is very common for GPRS traffic, but the people are not very 
famihar with it, unlike in Japan. The situation is, though, likely to change unless 
the trend moves towards flat rate charging.

4.1.3 North America

The North American market for wireless and cellular services is very large with 
over 128 million subscribers and 200 terrestrial service providers (situation in 2001). 
In general, the use is more business oriented than in Europe, which means that 
corporate access for, e.g., e-mails and calendar are more widely used. Users favor 
Personal Digital Assistants (PDAs) and specialized devices over the cellular phones, 
which are Umited in functionahty to use these services. This also means that other 
access methods like WLAN, for example, are more popular than in Europe. [42]

The usage profile of the cellular services differs from the European or Japanese ones, 
too. For example, use of short messaging has been increasing only recently, as the
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U.S. operators have gradually solved their interoperability problems. Therefore, the 
cellular market has also been referred to as less developed than the aforementioned. 
Lately, mobile phone manufacturers have been introducing more advanced mod
els with color displays, integrated cameras, and application support for the North 
American market. This has been expected to stimulate the use of advanced mobile 
services, too.

Case: Sprint PCS Vision In 2002, the fourth largest U.S. wireless operator, 
Sprint, introduced a service called PCS Vision; a 3G service based on cdma2000 
IxRTT. In addition to the normal voice calls, the service allows for use of data 
services with either handsets or laptop data cards. The devices are tightly bundled 
with the service, a phenomenon common from above case studies, too. This ensures 
the compatibility with the network and services marketed along it. [42]

The services offered with the PCS Vision are not revolutionary, even though a 3G 
network is used. Table 4.4 summarizes the services available. Compared with Voda
fone Uve!, the variety is pretty much the same, except for streaming and built-in cor
porate access. Imaging as multimedia messaging is present also in live!, although it 
has only consumer focus. The web offering is based on well-known content providers 
like CNN, ESPN, Amazon and Google, that offer news, sports, and search facilities, 
among others. The content is specifically tailored to the mobile devices used with 
the Vision service.

The basic charging of the data based services is based on volume, for which the pric
ing has been characterized “aggressive”. There are also data-only price plans, that 
are targeted for e-mail and corporate access. Similarly to Vodafone live!, downloads 
are charged using an event based charging model. On the other hand, PCS Vision 
also makes use of subscriptions. The music samples service, which makes use of 
streaming, uses as long as 90 day subscriptions.

Conclusions4.2

From the end-users point of view, the mobile applications offered in different regions 
of the world can be divided in roughly six categories: browsing, downloads, stream
ing, applications, messaging, and corporate access. On top of these, come the usual 
voice services. Compared to the categorization in MITA (table 4.1), the “content” 
has been divided in four subcategories, which actually better reflect the ways the
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Application/service Description

Wireless Web Wireless browsing to selected Internet web sites.

E-mail and instant messaging for mobile users.

Photo messaging and digital imaging for both consumer 
and professional use.

Ring tones, screensavers, and downloadable apphcations. 

Music samples streamed to the phone.

Corporate e-mail, calendar, and directory access.

Messaging

Imaging

Downloads

Streaming 

Corporate Access

Table 4.4: Sprint PCS Vision services [8, 43].

content is accessed. The current services seem to put the emphasis on messaging 
and browsing applications, and if the messaging is set aside, the bulk of the con
tent is consumed in browser environment. Provided the broad range of terminals, 
operators, and networks, also the variety of content that can be consumed, grows 
large.

Furthermore, European and American mobile operators in particular tend to pro
vide the end-users with content produced in-house or by a few partners Uke large 
media houses. Opening up the network faces both technological and business-related 
challenges. If the problems of finding and implementing a well-functioning business 
model are left aside, the main technical challenges are charging and diversity of net
works, terminals, and applications. Charging models are one part of the problem. 
In all regions, the same models based on volume, events and subscriptions are in 
use. It seems that the users begin to understand fairly well the different ways to 
charge for usage, but they really demand some value for their money. Corporate 
(laptop) users are mainly interested in e-mails and “normal” Internet use, where the 
cheap price per megabyte is the driving force.

What this means for content delivery, is that the operators have each built their own 
solutions for providing content to the customers, and to charge for it. i-mode is the 
only one of them with a considerably more open approach towards the third parties. 
Charging for data services has been accomplished using the existing core network 
capabilities (such as SGSN and GGSN) in combination with the external servers like 
WAP gateways, proxies, download servers, and other custom apphcations. The core 
network elements see all traffic equally, and there is limited amount of knowledge 
to base charging on. No information is available of the actual applications used
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by the subscribers, or what they actually are used for, either. The problem with 
several custom servers and applications is that there are several charging points in 
the network with little relationship to each other, implying that controlling these 
services becomes problematic.

4.2.1 Criteria for Content Delivery

Based on the case studies and analysis, criteria for an enhanced content delivery 
solution can be developed:

1. Self-evidently, provide means for delivering content to end-users in a conve
nient way. The heterogeneity of the technical environment imphes that any 
intermediate system must be capable of handling the traffic properly, or at 
least not to interfere with it.

2. Have support for volume, event-based, and subscription-based charging. For 
competitive reasons, and because the end-users have accustomed to different 
charging models in different regions of the world, the charging must be flexibly 
configurable.

3. Support both pre- and postpaid users. In many regions of the world, prepaid 
plans are the dominant way of paying for mobile phone usage.

4. Ability to inform the end-user about charging and service usage. This is not 
only user-friendly, but also needed by the legislation in most countries.

5. Enable easy connection of third party content providers. As pointed out, the 
different regions have different views on the third party content providers, 
and the openness of the system. The prototype architecture should support a 
model that is as open and easy as possible, but still allow for stricter control 
if desired.

6. Support various network environments, terminal devices, and mark-up lan
guages. The environment is extremely heterogeneous, and the system should 
be easily adaptable to the prevailing conditions.

7. Modularity and flexibility in general. Because there is a lot of uncertainty 
regarding the future developments, the architecture should be easily extend
able. The modularity should ensure that in the real-world implementation, the 
components should be interchangeable, and that they can be possibly sourced
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from several vendors. On the other hand, the standards and standardized 
elements should be taken into account as they are the basic building blocks in 
the existing networks.



Chapter 5

Prototype Solution

To further evaluate the conclusions and criteria in the preceding chapter, a prototype 
solution was implemented. This chapter will introduce the prototype and a related 
network architecture. The prototype implements the functionality needed for service 
charging and user interaction. The quality of the concept was evaluated using 
methods of usability testing.

Prototype Architecture5.1

The prototype resides on the mobile network edge, a network area evolving between 
the mobile core network and the Internet. In telecommunications vocabulary, the 
core network has been thought to end at GGSN, after which there are various 
IP based devices (e.g., a WAP gateway) before the Internet. The network edge 
architecture presented here brings more functionality to the area, and also integrates 
it more tightly with the core network. This can also be seen as a convergence process 
between the core network and IP based functionality. In the 3G all-IP scenario, this 
distinction will blur even more.

5.1.1 Network Elements

The network architecture of the prototype is depicted in figure 5.1. It is based 
on, but does not limit, to the current cellular networks and the standard network 
elements present there. The key idea is to analyze traffic flowing from the end-user’s 
terminal to the Internet. The architecture suggests a new element marked prototype 
to implement this functionality. Additionally, it introduces the prepaid gateway and

40
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Figure 5.1: Prototype architecture.

the service and subscriber repository elements that are needed to fully implement 
the functionality.

The functionality between the elements is divided in such a way that each of them 
implements a certain distinguishable task in the system, and the interfaces between 
the elements are well-defined. This serves the strive to the modularity and flexibility.

The following chapters describe the network elements used in the prototype archi
tecture.

Third Party Content Services The purpose of the whole prototype is to enable 
access to content services containing digital content and applications for the end- 
users. Typically, they reside on the Internet domain, but operators may have their 
own portals, too. The applications that are placed in the operator’s “walled garden” 
(a network area inside the operator’s domain) are in a favorable position to directly 
use the interfaces provided by other elements. In the prototype solution, though, 
no difference is made between internal and external applications.

Standard Network Elements Standard network elements make the framework 
that the rest of the architecture has been built on. Shortly described, the elements
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are:

• S GSN, G GSN, and GPRS backbone are core network elements described in 
chapter 3.3.

• WAP gateway processes the WAP connections coming from the mobile net
work, and converts them to the standard HTTP. In WAP 2.0, the focus moves 
towards the use of TCP/IP, and dealing with the heterogeneous terminal base. 
In a mobile environment, it is advantageous to use a TCP/IP protocol stack 
optimized for wireless traffic. User Agent Profiling (UAProf) and content 
transformation are examples of features that support the varying phone char
acteristics.

• Prepaid system and HLR are part of the core network, where the HLR stores 
subscriber data, and the prepaid system takes care of users’ prepaid accounts. 
Money can be reserved, and then committed or rollbacked, e.g., during a voice 
call. In GSM, prepaid is based on Intelligent Networks, and ETSI has stan
dardized a CAMEL interface to the system. Because it resides in the 
network, SS7 signaling is used for communication.

• Mediation function processes and dehvers charging information between the 
core network elements and the business support system. In the prototype 
architecture, it is expected to also mediate the information coming from the 
network edge.

• Billing and customer care are part of the operator’s Business Support System, 
which takes care of the monetary transactions between the operator, postpaid 
subscribers and value-added service providers. It is also used to provision 
network and value-added services to the subscribers.

core

Service and Subscriber Repository The service and subscriber repository 
tains all information about the subscribers (i.e., the users) and the services available 
for them. As this information largely controls the prototype functionality, the op
erator’s existing user base should be migrated into it.

Figure 5.2 depicts the data model, which was developed to store the service and 
subscriber data. The model refers to both the operator’s “core services”, like GPRS 
and MMS, and to other services like third party content sites.

Service type is used to define service templates, which tell what properties make a 
service, and what are the settings the user can change to customize it. Service refers

con-
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Figure 5.2: Data model for storing service and subscriber data.

to a service instance, which defines values for the properties, thus realizing a service 
type. It may define several alternative default settings, which can be applied, when 
a user subscribes to the service.

The User represents the ordinary end-user. When a user subscribes to a service, a 
Subscription is made. Three levels of settings can be associated with the subscrip
tion:

• Operator settings are the default settings the operator wishes to apply to the 
user.

• Using parental settings the user’s parents (or any person/institution who pays 
the user’s phone bill) can give restrictions over the operator settings.

• Personal settings are the user’s way to customize the service behavior even 
further.

The model allows for flexible personafization while still having base settings for large 
groups of users. It is not only applicable in the prototype case, but could be used 
for other services, too.

In the prototype, the model was first used to define a “content delivery service”. 
After that, a few content services were added. The content delivery service was given 
simple personalizable settings. The content services were left without customization 
options, because too complicated settings would not have served the purpose of 
evaluation.

Prepaid and Charging Gateways Because both pre- and postpaid users must 
be able to use the services, appropriate interfaces are needed to both types of bilhng 
infrastructure.
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For postpaid, it means creation of Charging Data Records (CDRs) ; an already estab
lished way to deal with charging. The Charging Gateway implements the charging 
gateway function defined by 3GPP [48]. It is not used solely by the prototype, but 
also, for example, SGSN and GGSN may use it to transfer the charging records 
to the billing system. The gateway has the logic to combine CDRs from several 
sources.

In the prepaid case, cooperation is needed with the IN based core network prepaid 
system, which has traditionally taken care of the charging during circuit switched 
calls. Also other applications are expected to use the IN prepaid interfaces directly. 
For IP based network elements, this is a challenge, while they don’t have the required 
physical interfaces.

Therefore, the architecture suggests a prepaid gateway to be implemented. It acts 
as a mediator or proxy towards the prepaid system. It allocates monetary quota 
for a user’s traffic and content from the IN system, and reports the used portion 
in real-time. Network elements that want to support a real prepaid usage model, 
query the gateway before the user is allowed to finish any transactions.

The Prototype Figure 5.3 depicts the schematic diagram of the prototype, which 
is the central element of the architecture. It analyzes all IP traffic received from 
the GGSN1 (i.e., traffic originated from mobile terminals), recognizes traffic going 
to content services, and takes an action according to rules specified in the service 
repository. In the simplest form, the traffic is just passed through, or counted and 
charged according to the volume.

Temporary
Content
Store

Proxy

0 HTTP

Analysis uУХ
ip

Traffic flow

Figure 5.3: Internal architecture of the prototype.

Although the traffic can be in practice any IP-based protocol, the existing content 
1WAP traffic is routed through the WAP gateway first to convert it to HTTP.
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services suggest that HTTP is the one, which is used to access them. Therefore, 
HTTP is handled separately on the application level, and the modularity of the 
architecture will allow for other protocols to be added if needed.

The HTTP handling is based on a transparent HTTP proxy. The proxy analyzes 
every request-response pair, and triggers the charging model defined in the service 
data. For volume based charging, the prototype counts the incoming and outcoming 
bytes and charges them using the specified tariff class. For event based charging, thè 
procedure is similar, but a fixed price is charged regardless the transferred volume. 
For subscription based charging, the user’s subscription for the content service is 
checked. If a subscription exists, the user can access the service either freely, or 
with low priced volume or event based charging model. Otherwise, creation of a 
subscription is proposed.

The use of services triggers user interaction to take place in certain situations. The 
proxy can intercept traffic, and respond the end-user with a custom dialog, instead 
of the real content. The content is stored within the proxy, and can be sent to the 
user as a response to a subsequent request. In this way, the user can be notified of 
potential charging events in the middle of the browsing session, without any extra 
logic on the content providers’ side.

5.1.2 Service Control

In order to maintain operability, the architecture keeps the service control clear 
and centralized. That is, elements that cooperate to produce a service, should have 
a single source of control data, or at least data affecting to certain functionality 
shouldn’t come from several sources.

Three kinds of control data can be identified:

1. Configuration data contains settings that control the internal behavior of net
work elements.

2. Service and subscriber data contains information about the end-users, available 
services, and users’ subscriptions to the services. The centralized repository for 
the data ensures that the elements which produce a service are synchronized. 
The services produced by the network must be the same as ones that the users 
are able to see and subscribe to.

3. Charging data is the third soturce of control, especially for prepaid users. When
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the user runs out of money, he must not be able to use services anymore. In 
this sense, the charging data has the real-time “on/off”-control over the use 
of services, but it doesn’t affect the service behavior in other ways.

Clearly, the prepaid gateway and the service and subscriber repository are the key 
controlling network elements in the architecture. The configuration data for the 
network elements is related to the operation and maintenance, which is outside the 
scope of this work.

5.1.3 Content Service Interface

Easy connection of third party content providers was one of the design objectives 
for the prototype. The architecture achieves this in two ways.

First, technical requirements for the content provider are minimized. A standard 
WWW server, which serves the mobile clients with HTTP will do. The portion of the 
WWW site, which contains the chargeable, commercial content must be separable 
with a simple URL pattern. Compared to use of some of the interfaces presented in 
chapter 3.5, this is very simple. However, while the prototype supports only certain 
types of interaction, more complicated services might need to use them.

On the operator’s side, defining new content services is made easy. The prototype 
needs the IP address and URL pattern information to recognize the service. Some 
attributes are needed to guide the charging. Finally, some additional attributes like 
the name of the service are needed for the user interaction.

Setting up the business relationship between the operator and the content provider 
might be the most comphcated step of the process. Such agreement is needed for the 
operator to enable charging on behalf of the content provider. A standard, proven, 
and clear business model, which defines, e.g., the revenue sharing will naturally help.

5.2 User Interaction Design

The user interaction design process followed the general design guidelines for usable 
products (e.g., [3, 1]), with the restriction that only one iteration round was done. 
Results of the process are the starting point for possible future development. During 
the design and implementation, heuristic evaluation [25, 26] was used as one tool 
for analyzing the unfinished work.
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Three main goals for the interaction design were set after the criteria described in 
chapter 4.2.1:

1. The user should be able to keep track of their use of money. In practice, the 
user should get precise information when charging events take place.

2. The prototype should be unobtrusive in the sense that the user shouldn’t get 
annoyed with it in normal use.

3. The user should have possibility to customize the amount of extra interaction, 
i.e., notifications issued by the system. In practice, this means that unwanted 
dialogs can be disabled.

The two major features that were implemented are notification dialogs for event 
based charging and subscription based charging, and pages for user settings. The 
navigation model, that is, how the prototype affects the browsing, was considered 
before proceeding to the actual user interface design. A demo portal called Funky 
Plaza was used as a reference content service during the design, implementation, 
and testing.

5.2.1 Navigation

The way the user navigates on a content site depends naturally on the site’s struc
ture. The existing services suggest, that tree hierarchies of varying depth, possibly 
with some cross-linking, are the usual way to organize a mobile site. The basic idea 
of the notifications is to add one additional step to the navigation, not more. Figure 
5.4 illustrates the effect the notifications have to the navigation process.

Latest
Headlines

Notification New Prime 
Minister
(Helsinki) Parties 
agreed yesterday...

New prime minister 
in Finland... О i>Options:

Iraqi regime
I Proceed [ Cancel !collapses..

Figure 5.4: Effect of a notification to the navigation.
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One potentially major problem in the notifications was identified. That is, the 
notification dialog obviously breaks the navigation chain the site designer has made. 
This increases the cognitive load in the situation, because after returning to the 
site page after a notification, the user must remember what he was doing before it. 
With bare content analysis, it is hard to implement so much intelligence, that this 
problem could be dynamically avoided. Whether this offsets the advantages of the 
notifications, was left to the evaluation. Anyhow, with conscious site design, it is 
possible to diminish the disturbance.

5.2.2 Notification Dialogs

The dialogs are based on page templates written to conform to XHTML Basic 
1.0. It was chosen to ensure compatibility across widest possible range of devices 
supporting XHTML. The Apache Velocity template engine2 is used to generate 
pages with correct service information during run-time.

Figure 5.5 on page 49 illustrates the dialog design. Picture (a) shows the dialog 
for event based charging notification, which should give the user short but complete 
information about the transaction he is about to do. A single page design was 
preferred over breaking the content information and options onto several pages, 
because it was expected that the users would need all of the information and options 
quite frequently. Multiple pages would have added additional steps to the navigation 
process, too.

Showing the content information turned out to be a bit problematic. Although the 
service and the company can be displayed easily as they are read from the service and 
subscriber repository, the content can be almost anything that can be transferred 
over Internet. It was decided, that showing technical information, which identifies 
the content is better than nothing. Therefore, the mime-type and size of the content 
are displayed on the page.

Picture (b) shows how the user is proposed to make a subscription to a service. The 
dialog follows the design of the delivery notification, but has the subscribe-button 
as the only option (in addition to cancel). The length of the subscription is fixed in 
the dialog, but by adding an input field or list of options, several alternatives would 
have be easy to implement, too.

The selections the user can make are placed in the end of the page. The intention 

2Available at http://jcikaLrta.apache.org/velocity/.
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Figure 5.5: User interface illustrations: notification dialog for an event charged (a), 
and subscription charged (b) service, Self-service main page (c), and content delivery 
settings (d).
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was to keep the information short enough to avoid excess scrolling. The price of 
each option is stated clearly. To help quick navigation, the most common selection 
is pre-selected. The user is also always provided with an escape route; namely the 
cancel-button. This is important, because even if the back-button is a standard 
feature in browsers, the user feels more safe, when he can hit “cancel”.

In addition to these, a few other dialogs were designed, mainly for providing error 
messages to the user. The prototype shows such messages, when, for example, the 
user has used up the prepaid account, and should top it up before continuing. The 
dialogs contain, in addition to description of the problem and instructions of what 
to do, contact information to the customer care.

As a conclusion, all dialogs have a uniform, simple look and feel without images, and 
extra information. The strive was to promote efficiency, safety, and easy learning 
over rich graphical appearance.

5.2.3 Self-Service

The possibility to customize the notifications was implemented as settings pages 
on a separate self-service portal. The settings enable only turning on and off the 
notifications globally. The simple approach was chosen, because there was no real 
information of user’s preferences on the issue. Although the global option is quite 
rigid, it is very simple to understand and use. Pictures (c) and (d) in figure 5.5 
illustrate the self-service pages.

5.3 Conclusions

The questions of for which kind of services the described prototype solution is best 
suited, and what is its relation to other technologies, namely the service middleware, 
have not been answered yet. These issues are now discussed to broaden the picture of 
the applicability of the solution, and in which situations it would provide advantage 
over the other technologies.

5.3.1 Usage with Mobile Services

Chapter 4 concluded with six categories of applications that are provided to the mo
bile users. The following discussion goes through them to find out, if the third party
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services belonging to these groups really can benefit from the prototype solution. 
After all, one of the criteria was the easy connection of content providers.

Browsing Browsing based services were the primary target for the prototype so
lution. Therefore, it is not surprising that they are supported well. Due to the 
simple design, it is best suited for simple services that can cope with its “notify and 
charge” mode of operation. If the service needs to have more control over charging, 
for example, over multiple steps, other solutions are clearly needed. An OS A/Parlay 
API or a Mobile Web Service would allow this kind of operation better.

Downloads Downloading is actually a subcategory of browsing. Because the item 
about to be downloaded is one kind of “dead-end” in the navigation process, it is 
expected that the notifications disturb even less than in normal browsing. As also 
the charging occurs in one step, download services are good candidates for prototype 
use. There are, though, at least two special cases to consider:

1. Some downloads make use of separate descriptor files, which typically invoke a 
terminal application to finish the downloading. For a descriptor, it is possible 
to give a notification dialog, but the actual downloading must not be interfered 
as the external application might not be able to handle the unexpected data.

2. Digital Rights Management which is used for protecting some downloads is not 
specifically supported by the prototype solution. Therefore, another network 
element is needed to take care of DRM functions such as encrypting and digital 
signing of the download packages (if the prototype is not enhanced to do this). 
For DRM solutions that use descriptors, the above case apphes as well.

Streaming In streaming, the browser is usually (but not necessarily) used only 
for locating the content, and for launching an audio or video player apphcation. The 
notifications work pretty well with the browsers as they can provide the user with 
information about, for example, the stream and the costs per minute. The price 
can be calculated if the bandwidth of the stream and the current volume pricing 
are known. Real-time cost control is completely another problem, which cannot be 
handled by the prototype, even if it could charge for the streamed content on volume 
basis.
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Applications Applications are actually downloads that make use of descriptors. 
However, after downloading they turn into custom programs that may want to 
use networking for any imaginable purpose. The prototype must not respond the 
application with a notification instead of the expected data; even if the application 
was used for accessing premium content3.

Messaging Messaging is not that kind of interactive use, which could well be 
handled using the prototype. However, if the traffic flows through it, the 
returns to the above situation: the traffic must not be interfered with unexpected 
notifications, but it is still possible do charging, provided that the HTTP is used.

case

Corporate Access The prototype has little to do with corporate access. Obvi
ously, the traffic can flow through it, which would enable some charging model to 
be applied. However, the charging models for businesses may differ a lot from the 
ones used in consumer world.

As a conclusion, the implemented solution supports fairly well the categories that 
offer digital content for the users. In some cases, the notifications might be a prob
lem, because of which it must be possible to disable them on per service basis. The 
charging benefit still remains for the HTTP based traffic. All charging models 
be applied, if the user is guaranteed to get the pricing information in some other 
way.

can

5.3.2 Relation to Service Middleware

Purpose of the service middleware is to expose core network functionality for third 
parties. A content provider could, for example, implement charging by using such 
interfaces. As discussed above, these interfaces are also the only option in the 
where the service needs this kind of flexibility.

However, the prototype solution is in a favorable position as it sees all the traffic 
flowing from the end-user to the content provider and vice versa. For this reason, 
it could be used to embed useful information into the users’ requests on their way 
to the content service. In this way, the content provider would not have to 
an API to get, for example, identity of the user from the core network. Instead, 
the identifying information could be embedded in the HTTP headers. The MITA

3This might be the case when, for example, the content provider provides a custom application 
for this purpose.

cases,

use
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authentication and location interfaces are good candidates to be replaced with this 
kind of operation, but to some extent also the interfaces for device profile, presence, 
and user information as well. The problem with the latter ones is the amount of 
data to be embedded. Therefore, only requests going to specific services should be 
amended with such data to avoid the overhead.

Security and privacy must be considered carefully, too. In many countries, the 
user must be asked before, for example, any location information shall be revealed. 
However, the built-in notification mechanism could be used “backwards” (i.e., a 
notification would be sent to the user before the request is sent to the content 
provider) to solve this issue.

A conclusion on this issue is that in some cases, the prototype could replace the use 
of the more complicated APIs by using HTTP headers. However, as the APIs are 
based on standardization, such headers should be standardized too, for them to be 
really an open solution.



Chapter 6

Experiences with the Prototype

The main method for the prototype evaluation was usability testing. Dumas and 
Redish [5] define the usability testing as requiring five characteristics: that the goal 
is to improve usability, that the participants represent real users, that they do real 
tasks, that testers observe and record the participants, and that they analyze the 
data and recommend changes to fix problems.

The following goals were set for the evaluation:

1. Test the usefulness acceptance of the intermittent notifications during brows
ing sessions.

2. Find out, what is the end-users’ mental model of the way the notifications 
work, and whether it affects the opinion about the concept.

3. Gain quahtative information about the usability (i.e., ease of use) of the pro
totype.

Compared with the above definition, the selected method suits well for these pur
poses.

6.1 Test Setup

6.1.1 Test Users

Nielsen [27] recommends that no more than five users should be used for testing 
per design iteration. This is because the additional users don’t add remarkably to

54
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the test results, unless the targeted user group is very heterogeneous. The proto
type was tested with six persons, which were selected based on the criteria of being 
potential users of mobile content services in near future. In practice, positive at
titude towards mobile phones and technology in general were expected, probably 
with some experience of WAP usage.

All selected users had quite long experience in ordinary WWW use. Five of the six 
had tried WAP usage, and three of them used it regularly. Use of mobile HTML 
browser was counted in this figure, too. The WAP users had also at least tried 
commercial services like weather forecasts, news, betting, or game downloads. It 
seems feasible to make an assumption that the WAP users already had a strong 
mental model about how the Mobile Internet works.

Three of the users had no previous knowledge about the prototype concept. This 
group simulated the group of new users. The other three had some knowledge about 
the concept, and therefore, had the role of a more experienced user. The hypothesis 
was, that the notifications would be harder to imderstand for the new users.

If we think about all potential users of the prototype and mobile content services, the 
selected test users represent mainly the innovators and early adopters market seg
ments, speaking in marketing terms. Theoretically, this is just about 15-20 percent 
of all potential users during a product’s life cycle [18]. For this reason, the results 
might not be applicable to all user groups, and more testing would be needed to 
make firm conclusions. However, even with these users, a lot of information could 
be gained from the testing.

6.1.2 Test Environment and Situation

An XHTML based demo portal Funky Plaza was used as a reference content service. 
The portal had various kinds of informal content like ring tones, wallpapers, news 
articles, etc. It resided on a WWW server, and had portions of it configured as 
commercial services as described in chapter 5.1.1. The self-service pages were placed 
on another web server. Appendix В shows some illustrations of the both portals.

The tests were conducted using a mobile phone emulator1 with an XHTML browser. 
Using a real phone was considered, too, but the test environment was noticed too 
difficult to arrange. The emulator was running on a laptop computer, which was 
configured to access the content services through the prototype. The setup also

1 Nokia Mobile Internet Toolkit from http://www.forum.nokia.com/.
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contained the service and subscriber repository, and a stub implementation of the 
prepaid gateway. The emulator had bookmarks to the two portals.

In the beginning of the test, the test user was introduced to the equipment and the 
usability testing in general. After that, the test was conducted in the usual way. 
The user was placed into a fictitious situation, and he was asked to do a series of 
tasks, one at a time. Notes were made about the user’s actions and comments during 
the test. After the test, the user was asked to fill a questionnaire, and the issues 
relating to the test and the prototype concept were discussed during and after filling 
it. Appendix A presents the material that was used in the test situation. Figure 6.1 
shows a photo taken in the test situation.
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Figure 6.1: One of the users in test situation.

6.2 The Results

In general, the usability testing was successful. There were no major technical 
problems, and feedback from the test users was mainly positive. The users were 
also able to finish all tasks with little or no help. The problems with the tasks were 
mostly related to using the emulator, and to usability of the portal. Both types of 
problems are likely to occur in real situations, too, so they should not be completely 
ignored. However, the purpose of the test was to evaluate the prototype, and after
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recording the source of problem, the testers were helped with problems related to 
the emulator or the portal.

6.2.1 Acceptance and Usefulness of the Prototype

The three major goals that were set for the user evaluation were achieved. The first 
goal was to gain information about the end-user acceptance of the whole concept, 
which from the users’ point of view appears as intermittent notification dialogs. 
Three factors were identified to affect the acceptance: whether the notifications 
added to the feeling of safety, the effect on the browsing experience, and the fact of 
who pays the phone bill.

All test users understood the meaning of the notifications, and that they could be 
charged only after continuing from the dialog. This increased confidence was gen
erally welcomed. Three testers expressed explicitly that the notifications added to 
their feeling of safety. However, the users also told that price marking on the por
tal’s download page would have been equally sufficient in most situations. Finnish 

authorities mandate indeed, that WWW and WAP sites must clearly tell the prices. 
However, this is not the case in all countries, which leads to the thinking that sepa
rate notifications would be needed more often. When the notifications were turned 
off, the users became uncertain whether they got charged or not.

The effect on the browsing experience gave divided opinions. For item downloads 
(e.g., ring tones) the interference was not remarkable, but while they were reading 
news articles, the constant notifications began to annoy some testers. The possi
bility to turn off the notifications was welcomed, but also then, the users wanted 
to keep track of when they were charged. In general, the users would have liked 
the notifications when trying a new service, and to turn them off with a familiar, 
well-known service.

The persons who had a phone provided by the employer stated that they cared 
little about the phone bill. The persons who normally pay their bill by themselves, 
wanted to know about the use of money much more precisely. Therefore, attitude 
towards the notifications was more positive among the latter group of people.

As a conclusion, the testers generally liked the idea. In the questionnaire, all of 
them answered that the notifications were either useful or very useful. All but 
would have also liked to have such service in their own phones. The possibility 
to customize the notifications per content service would have increased the level of 
acceptance.

one
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6.2.2 Users’ Mental Models

The second goal was to find out how the users perceive the notifications. The 
questionnaire offered two alternatives, the portal and the operator, which leaves out 
a very logical third option; the phone. The tests indicated indeed, that especially 
new users tend to think that the phone offers this kind of functionality and settings 
for it, even though the notifications appear as web pages. However, after the test, 
when they had to think about it, all but one person selected the second option (the 
operator).

The situation description mentioned the “operator’s content delivery system”, which 
was meant to simulate the basic information the users would receive about the 
services they get within a mobile subscription. Because of this, no firm conclusion 
can be made of what would have happened if the user had no idea about them. In 
reality, this may even be often the case.

Contrary to expectation, the soinee of the notifications didn’t seem to affect the 
feel of trust towards them. All users seemed to think that both such notifications 
and the price information on portal are always correct. Apparently, their experience 
tells that this is the case. A test case with different prices would have maybe cleared 
the question of “who to trust”. When asked separately after the test, the users told 
that the notifications seemed to be the most authoritative source of information, 
but in normal situations that makes no difference.

Where the mental model had more significance, was when the users were asked 
to change notification service settings. Almost all users sought the settings from 
the emulated phone menu or from the home page of the portal before using the 
bookmark. Three reasons for this can be found: that the self-service portal turned 
out to be a non-familiar concept, that the users had only vague model of the concept, 
and that SMS, MMS and WAP settings in the phone; some even similarly named. 
Still, when they were looking for the settings, they connected very clearly the source 
of notifications and the location of the settings in their comments.

6.2.3 General Usability of the Prototype

The testing produced several findings related to the usability of the prototype. The 
findings, presented hi appendix C, were categorized based on severity, and affected 
area of interaction design. Table 6.1 shows the three severity levels that were used. 
13 problems were found, one of which was classified critical, and seven major.
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Critical Problem prevented the user from continuing the 
browsing session from the page he/she is. Alter
natively, the user didn’t get any information about 
charging.

Problem caused uncertainty about use of money, 
or otherwise badly disturbed the browsing.

A problem the user noticed or commented, but 
which didn’t affect experience a lot.

Major

Minor

Table 6.1: Severity classification used in analysis.

The way the notifications affect navigation wasn’t so much of a problem, but the 
implementation caused some troubles. As the most important outcome, the user 
should be able to reload content during the session as needed to prevent errors for 
paid content.

The dialog contents turned out to be too detailed for experienced users. A better 
alternative would clearly be to show less options and less information on the dialog 
page, and to provide a link to help pages for new users. For the subscription dialogs, 
on the other hand, a bit more information would have been needed as this type of 
dialogs don’t appear so often. In general, the notifications should be made even less 
technical, if possible.

As the self-service was not a clear concept for all users, the user interface should pro
vide more help to find and use it. The notifications should provide direct navigation 
route to the self-service.

6.2.4 Other Findings

A few issues not directly involved with the prototype concept arose in the tests, too. 
This section makes short notes of them, as they help understand the end-users, and 
provide input for interaction design, too.

In the questionnaire, the users were asked about the appropriateness of the two 
charging models. The hypothesis was, that the event based model would be good 
for downloadable items, while subscriptions would have been preferred for news 
articles. For the downloads, this proved to be true, but for news, this was, however, 
not the situation. Actually, the tester’s opinion was quite equal for both models. 
The main reasoning for event based charging was, that the site would be not visited 
so often, that it pays to pay for a subscription, or that the users just wanted to look
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around to check the quality of the items. The users felt that they wouldn’t be using 
such services so frequently that it pays to subscribe to it.

Another thing that was researched, was the possibility to get the content using 
an alternative channel. The users generally felt that unnecessary as-is, while in 
the mobile context, they were always looking for something that they wanted to 
get immediately. At least the situations in the usability test didn’t inspire them. 
Sending a ring tone to friend’s phone number, for example, would have been more 
interesting. This kind of possibility was, however, thought to be portal functionality, 
and not of operator’s content delivery system.

Finally, the users expressed, that they want to be constantly aware of the expenses; 
more than what the notifications can provide. For example, some kind of counter 
in the corner of every page was wished. This is clearly an area where the mobile 
phone and network makers would have to cooperate to get such data on the phone 
screen. With a pure network solution, this kind of functionality would be difficult 
to implement, at least in a user-friendly way.

Conclusions6.3

The usability testing showed that the basic idea of providing the users with inter
mittent notifications, and in this way making the content delivery more intelligent, 
was successful. The tests also provided several ideas for enhancements.

About the quality of the related architecture, the usability tests produced less ma
terial. Although usability testing shouldn’t be used for verification purposes [34], 
the results can still be interpreted as a proof that the designed architecture works 
also in practice.

Although the test material is not very broad, it is possible to sum up the main 
strengths and weaknesses of the architecture and user interaction design.

6.3.1 Strengths of the Prototype

Above all, the prototype really enables easy connection of content services to 
the mobile network. This interconnection makes it easier to define services, and 
to make business with them. For the end-users this is expected to appear as broader 
selection of higher-quality services.

Almost as important is the increased feeling of safety among the end-users.
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Especially the new users are expected to benefit from this.

As the prototype supports flexible use of charging models, the operator gets more 
options to build well-functioning business models. This has been the weak 
point especially in Europe, where the standard GSM network itself has not given 
much freedom for this kind of experimenting.

Finally, the design is network agnostic. Although the GSM cellular network has 
been used as a reference, nothing actually hinders using the prototype, for example, 
in a public WLAN environment.

6.3.2 Weaknesses of the Prototype

The most obvious weakness of the prototype is, that the architecture only sup
ports simple applications based on downloading. For advanced applications 
it provides less benefits. For this reason the development and standardization work 
done, e.g., in Open Mobile Alliance is needed.

Secondly, the prototype adds additional steps to the navigation, thus slowing 
down it. However, this problem can be circumvented to some extent by introducing 
easy to use user settings.

Finally, although the business aspects were one of the starting points for the thesis 
work, the architecture provides no guidelines on the business models. Deploy
ing such a system doesn’t automatically guarantee that hosts of content providers 
will come and fill the users’ needs, thus generating revenues to the operator, too. 
This certainly requires careful planning and execution, which is completely a subject 
of its own.

None of these weaknesses render the prototype solution useless, though. Despite the 
limitations, the conclusion is that such a system would find it’s place in the current 
technical and business environment.



Chapter 7

Conclusions

The main objective of this Master’s thesis was to develop a prototype solution for 
delivering digital content to mobile terminal, and to evaluate it from the end-user 
perspective.

The reader was first introduced to the problem setting of the mobile world. The main 

challenge was found to be the user experience, provided that there is a multitude 
of devices, services and networks. A business model was presented to introduce the 
parties involved with the development of the mobile world. It was noticed, that the 
prototype solution would benefit most the mobile operators that make the end-user 
access part of the model.

Next, a number of technologies present in the network environment were exam
ined. Internet technologies, access networks (concentrating on the current and next 
generation mobile networks), and trends in mobile terminals development were de
scribed. Three approaches for service middleware were presented to gain a deeper 
understanding of how the applications in the Internet could make use of capabili
ties of the mobile networks. Several functionalities were found, using which more 
versatile applications could be built for the end-users.

The current situation of mobile content services was then examined in three regions 
of the world, Japan and Asia, Europe, and the Americas. One offering from each 
region was studied in more detail to find out what kind of services are actually 
provided to the end-users. It was concluded that from the end-users’ point of view, 
there are roughly six categories of different applications to use, four of which are 
especially related to the digital content. The implications the applications have to 
the content delivery, were described. As an outcome, seven criteria for a content
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delivery solution were presented.

Based on the criteria, to further evaluate the ideas for content delivery a prototype 
solution was presented. The solution was composed of a prototype element and a 
related network architecture of several network elements. A natural place for the 
system was found to be on the network edge between the core mobile network and the 
Internet, but the design allows for use with other access networks, too. Furthermore, 
the user interaction design of the prototype was described in more detail. The 
primary idea was to provide the end-users with notifications about charging events, 
when they are browsing mobile content sites. It was concluded that in general, the 
prototype fits well to be used with applications in the mobile browser environment, 
but some precautions apply when used with custom terminal apphcations. It could 
also replace the use of the more complicated service middleware technologies in some 
cases.

In order to evaluate the design, a series of usability test were conducted. Several 
findings show that modifications may be needed in the prototype, but as the major 
conclusion, the concept of content delivery with notifications was accepted by the 
testers. Most importantly, the notifications increased the feeling of safety among 
the users, without being too obtrusive. Other strengths of the solution were noted 
to be its support for various kinds of business models, and its appropriateness to 
various network environments. However, the solution is only suited to be used with 
relatively simple applications, and it evidently causes additional steps in the use of 
services, too. Although the solution supports various business models, it provides 
no advice on how they should be implemented in detail.

So, despite the weaknesses, the prototype solution can be concluded to meet the 
objectives set for it. The work has produced new information on the area of mobile 
content services, and particularly, how the ordinary people use them. It provides a 
good starting point for future development, aiming towards a complete system that 
could be used by the operators. What were not considered during the prototype 
design and implementation, nor in the evaluation, were many of the productization 
aspects like performance. In the future, these kind of issues should be taken in 
account. More evaluation should be carried out to prove the appropriateness for all 
potential user groups. Finally, the relation to the service middleware should also be 
researched more. There is still a lot to do in the area of intelligent content delivery!



Appendix A

Usability Test Material

The material used in the usability tests is presented in the following two pages. 
The first page presents the situation briefing and tasks, which in test situation were 
printed on separate pieces of paper, and given to the test person.

The second page presents the questionnaire form that the test person was asked to 
fill after the test.
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Situation

You’ve just bought a brand new cellular phone, which - among other features - makes it possible to 
browse mobile Internet.

With the phone, you bought a prepaid card from a mobile operator called Cellix. Speaking of pricing, the 
mobile browsing costs you 5 euros per transfererd megabyte. As a Cellix customer, you’ve access to the 
Cellix now! service, which includes several pay-sites, that have content (news, ring tones, wallpapers) for 
extra charge. Cellix has a content delivery system, which will notify you, when you’re about to download 
something that will cost extra.

One of the sites is entertainment portal Funky Plaza. Your friend has just sent a bookmark to it, and you 
saved to the phone’s Internet browser. You want to take a look to it’s offerings...

Tasks

Downloads, event based charging:

1. You’d like to have more color in your phone. Download a new wallpaper to it!

3. Now, you’d like to download a hit game in your phone.

2. Select a new ring tone, too. This time, you’d like to have it sent as a multimedia message to you.

News, event based charging, (selfservice):

4. Read a couple of the latest today's news articles you find.

5. You decide, that you don’t need the notifications. Turn them off.

6. Continue by reading more news.

News, subscription based charging:

7. Now, let's check the celebrity news service ”StarStars".

Self sen/ice:

8. After intensive browsing, check the balance that is left on your prepaid card!
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Questionnaire

Background information:

1. What's your occupation?_______________________

2. How long have you been using the WWW? ____

3. What kind of mobile phone do you use?________

4. Have you ever used any WAP service? yes/no

5. Do you use WAP regularly (i.e., weekly or monthly)? yes/no

6. What kind of service(s), if any?_____________________________________________________________

7. Are some of those “commercial" (i.e., charged separately)? yes/no

8. What do you think about the usability of the services? (very poor) 1 2 3 4 5 (very good)

years

Questions related to the test:

9. How do you find the Funky Plaza portal in general? (very nice) 1 2 3 4 5 (very stupid)

10. Several pages appeared that asked you to confirm content download? What’s your perception 
about where did they come from? Funky Piaza (porta!) / Cellix (operator) / don’t know

11. How useful did you find the notifications? (very useful) 1 2 3 4 5 (completely needless)

12. How did they affect the browsing experience? (didn’t bother) 1 2 3 4 5 (very obtrusive)

13. Were there enough information to make a decision? (too much) 1 2 3 4 5 (too Utile)

14. Do you think that the “charging model” was appropriate for the services you used:

a. Todays news (pay per article): (very good) 1 2 3 4 5 (very inappropriate)

b. Wallpaper and ring tone downloads (pay per item): (very good) 1 2 3 4 5 (very 
inappropriate)

c. Celebrity news StarStars (subscribe) (very good) 1 2 3 4 5 (very inappropriate)

15. Did you find the possibility to turn off notifications useful? yes/no

16. Afterwards, do you have a feeling that you know, what was actually charged from you? yes/no

Finally:

17. Would you like to have the this kind of notification system in your phone? yes/no

18. If it would be improved, would you like it then? yes/no. What improvements would you like?



Appendix В

Test Service Illustrations

This appendix shows illustrations of Funky Plaza entertainment portal, which 
used as a reference content service during prototype development and testing.

was
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Appendix C

Usability Test Findings

Navigation

Problem 1. Back-button brings to content pages that have expired 
from the proxy.

Severity Critical

Correction If the user navigates through a chain of premium content pages 
and tries to return with back-button, the earlier pages don’t exist 
anymore in the proxy. Depending on the browser, it might be 
possible to just skip them, but the user might be stuck as well. 
The proxy should keep the pages available for the user until the 
end of the browsing session.

Problem 2. The notification page is shown again, when back-button 
is pressed.

Severity Major

Correction This problem related to returning from the content page after a no
tification has two sides. On one hand, the there are several recom
mendations, that the functionality of the back-button shouldn’t be 
overridden. On the other hand, if the user perceives the dialogs as 
something external to the browsing session, the back-button should 
bring directly back to the previous portal page. The tests suggest 
quite uniformly the latter solution.
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Problem 3. The notification page is left on screen with special down
loads.

Severity Minor

Correction If the content returned after notification is of some special type 
(e.g., ring tone or Java application), for which the terminal invokes 
an external handler, the user is left with the notification page after 
the handler returns. Some testers mentioned this was odd, although 
they knew that they had been charged. As correction, a separate 
confirmation page could be used for this kind of content.

Dialog Contents

Problem 4. Mime-type in content information is too technical.

Severity Major

Correction A non-technical description should be presented to the end-user. 
That would need (localized) mapping of the common media types 
to be maintained.

Problem 5. Too little information in the subscription proposal no
tification.

Severity Major

Correction The user should be told, that the subscription entitles him to browse 
all pages related to the service in question. Now the users weren’t 
sure, if the subscription would have meant a push service, for ex
ample.

Problem 6. Uncertainty of whether the transfer price is charged 
along with the event charge.

Severity Major

Correction As the notifications only tell about the event charge, users have 
no information of whether the transfer is charged separately. Es
pecially for video clips or other big items the transfer price might 
notable.
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Problem 7. Too many choices on the notification page.

Severity Minor

Correction The notification pages had options to send the content by multime
dia message or by e-mail, in addition to the immediate downloading. 
As the users didn’t find the feature very useful, the choices were 
considered disturbing. One possible solution would be to move 
them to a separate page which could accessed with a link. This 
would serve the maximal simplicity on the default action.

Problem 8. Too much text and information on the notification page.

Severity Minor

Correction Some users were annoyed of the excess information on every notifi
cation page. In the first place the information was thought useful, 
though. The amount of information could be configurable from the 
service settings.

Problem 9. Content not identified precisely on notification page.

Severity Minor

Correction The notification page doesn’t show name, thumbnail, or other iden
tifying information of the content. The information is (or should 
be) available on the portal, but the showing the information again, 
would help with the cognitive load when the actual purchase deci
sion is made. Alternative solutions would be, e.g., showing some 
“miniature” version of the downloaded page/content (if it’s visual), 
or that the content provider sends this information along the con
tent in, e.g., HTTP headers. No immediate correction is needed, 
though, as the problem is not severe.

Problem 10. The notification header “shouts”.

Severity Minor

Correction The text size should be closer to normal paragraph text. This can 
be corrected in the stylesheet.
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Settings

Problem 11. Difficulty to find self-service portal.

Severity Major

Correction It was not obvious to the users how the self-service works, and that 
the settings can be found from a separate portal. The notifications 
and related help pages should contain direct link to the settings.

Problem 12. Difficulty to find settings for notifications on self- 
service portal.

Severity Major

Correction In addition to the service name, some keywords (e.g., “notifica
tions”) should be visible on the list of services.

Problem 13. The service settings should have better description.

Severity Minor

Correction The content delivery settings that had only the item ‘Notifications 
on/off” should contain more information on what does that mean, 
or at least hnk to a help page with similar information. For exam
ple, information about whether the setting affects all sites or not, 
should be shown.

Table C.l: Usability problems found in the tests.
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