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1  Introduction
At the time (80s) when fixed telephones became a
commodity present in every household and lost its
preponderant economic position in the telecommuni-
cation, the mobile phone emerged as the main source
of revenues for telecom equipment manufacturers and
mobile telecommunication rose as the biggest success
ever in the telecommunication history. Indeed, most
of the telecom manufacturers were about to close
their production of terminals and concentrate on the
network equipment since the business was not lucra-
tive anymore. The general belief was that the compe-
tition should be on the network side rather than on
the terminal side. One company did have a visionary
view on the role and potential of the mobile phones
and put considerably resources and efforts on the
construction of the mobile handsets to make them
the most used electronic device in the world. Today,
everybody knows that this company is Nokia, which
has grown from a modest telecom vendor to be a tele-
com giant. This is just to depict the important role of
this little handy device, which is the mobile phone.
A mobile phone is now a very familiar device to
most people but not everyone really knows about the
advanced functions and capabilities incorporated in
the mobile phone. Not many people are aware of all
the metamorphoses the mobile phone has undergone
before becoming what it is today. However, the
changes will not stop there but will continue at an
even faster pace. Indeed, nobody can predict what the

mobile phone will look like in the future. It could be
the combination of everything one can think of from
a watch, a camera, a camcorder, and an MP3 player
to document storage, a universal security token or a
remote control. It may become “invisible” with all the
components taken apart and discretely mounted into
the user’s clothes.

In this paper, we are going to re-discover the mobile
phone from the day of its invention. Its functions and
capabilities will be revisited and elucidated. At the
end of the paper, we will attempt to depict a picture
of the future mobile phone.

2  The basic functionality of the
mobile phone

2.1  The mobile phone is a terminal

The mobile phone is quite often referred to as a
mobile terminal in telecommunication terminology.
A terminal is an apparatus that terminates or is at the
terminating endpoint of the telecommunication net-
work. A terminal is a peripheral device which is
rather simple and completely dependent on the net-
work, i.e. it cannot function when disconnected from
the network. Typically, a PSTN terminal, also called
Plain-Old Telephone (POT) is terminating the Public
Switched Telephone Network. It is a rather simple
device that enables the user to make or receive phone
calls and consists basically of four components:

• A receiver to accept signals
• A transmitter to send signals
• A microphone to capture the voice of the user
• A loudspeaker to generate sounds to the user.

To operate, the PSTN terminal is alimented by an
electric current generated by the local exchange on
the local loop, i.e. the circuit between the local
exchange and the terminal. When disconnected from
the line, the PSTN terminal is completely inoperative.
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Figure 1  A Plain Old Telephone
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The phone does not have any identity on itself but the
identification is based on the line between the local
exchange and the household. Any phone hooked up
to the line will be viewed in the same way by the local
exchange and will operate without any difference.

2.2  The mobile phone is a station

The mobile phone is a terminal and has similar capa-
bilities to making and receiving calls as the fixed
phone. However, contrary to the fixed phone, the
mobile phone is an advanced and quite complex
device. In the specifications of the Groupe Special
Mobile (GSM), which was later renamed Global Sys-
tem for Mobile communication, the mobile terminal
is called mobile station that denotes a bunch of equip-
ment necessary for transmitting and receiving while
moving. Indeed at the time, it was anticipated that the
mobile terminal would be quite big and heavy. It is
transportable but not very portable. According to the
specifications [1], a GSM Mobile Station can be:

• A vehicle mounted station;
• A transportable station;
• A handheld station;
• A vehicle mounted/transportable station;
• A vehicle mounted/handheld station.

A handheld station was only one of the five alterna-
tives. It was also considered to be the least realistic
since it was difficult to incorporate so much function-
ality in a small and portable device. 

2.3  The mobile phone is a cellular phone

Quite obviously, a mobile phone must be equipped
with radio transmission and reception capabilities.
However, a mobile phone does not communicate
directly with another mobile phone as in the case of
the walkie-talkie. It communicates via a cellular net-
work. A mobile phone is also called cellular phone
because it is connected to a cellular network.

A cellular network is a radio network made up of a
number of radio cells (or just cells), each served by
a fixed transceiver, normally known as a base station.
The reason for having cells is to extend both the cov-
erage area and the number of simultaneous calls.

According to the laws of physics, a radio frequency
can be used at a location by one and only one radio
transmission. Since the usable frequency spectrum is
limited, the number of simultaneous transmissions is
also limited.

A genius solution to the problem invented at the end
of the 1940s was to divide the area into small cells
and to reuse the same frequencies in these cells. It is
worth noting that although a cell is shown in most
books as a hexagonal, a cell is amorphous and there is
quite often overlapping between neighbour cells. Due
to signal leakage that can cause interference and dete-
rioration of the signal quality, the same frequencies
cannot be used in neighbour cells. In Figure 2, the
cells denoted with different letters get allocated dif-
ferent frequencies. In order to avoid interference,
cells of same type are placed away from each other.

The usage of multiple cells means that when the
mobile phone moves from one cell to another, it will
communicate with different base stations and change
channels. If there is an ongoing call then it should not

Figure 2  Frequency reuse in cellular networks
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be interrupted. To prevent interrupt, it is necessary to
carry out handover, also called handoff.

Handover requires naturally coordination between
the mobile phone and the base stations. But first of
all, the mobile phone must be “intelligent” enough to
know which base station it is currently served by and
which will take over. In GSM (Global system for
mobile communications)[7], the mobile phone will
detect that it is about to leave one cell and enter
another. It will ask to get a channel reserved with the
new base station while still maintaining the current
channel. The signal from the former base station con-
tinues to deteriorate and when it falls below a thresh-
old, the mobile phone will order the switching to the
new channel and terminate the old channel. This is
called hard handover.

In American system IS-95 and WCDMA the same
frequency handovers, i.e. the mobile phone changes
cell but uses the same frequency, both channels will
actually be in use at the same time. This is called a
soft handover. Handover is carried out not only when
the mobile phone moves to another cell but also in
load balancing or when signal deterioration occurs to
avoid interrupt.

In addition to the wireless transmission and reception
capabilities, the mobile phone must also be equipped
with advanced functions to perform the management
of the radio link.

2.4  The mobile phone is an intelligent

device

As a mobile phone moves and changes cells or points
of attachment to the network, it must have an identity

of its own, independent of the network access point
identity for the network to use to communicate with
it. In GSM [7], every mobile phone has a unique
identity called International Mobile Equipment Iden-
tity (IMEI) and stolen mobile phones can be interna-
tionally barred based on this identity.

Since the mobile phone is constantly changing posi-
tion, when there is a call addressed to it, the mobile
network must locate and deliver the call to the mobile
phone. It can do this by broadcasting over the net-
work a message “Mobile phone ID XX, please report
yourself”. When receiving the message, the addressed
mobile phone ID XX will respond and a call can be
set up. This procedure is called Paging. The paging
may be time consuming when the mobile network is
geographically large. Flooding the network with pag-
ing message is also a waste of bandwidth. The regis-
tration of location is hence introduced.

Two stages of registration are used in GSM to reduce
the updating frequency. The Home Location Register
(HLR) registers which Visitor Location Register
(VLR) the mobile phone is currently visiting. The
VLR registers which Location Area the mobile phone
is located in. A Location Area (LA) or Routing Area
(RA) in GPRS (General Packet Radio Service) [9]
groups a number of cells and constitutes the smallest
registration unit. An LA is used instead of a cell to
reduce the number of location updates since the cov-
erage area of an LA is larger than a cell. In addition,
if the mobile phone is moving in high speed the regis-
tration on cell basis may contain obsolete informa-
tion. Within an LA, paging is used to pinpoint which
cell the mobile phone is located in at the current time.
So in addition to the radio link management function,
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Figure 3  Registration of location in GSM
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the mobile phone needs to be equipped with the
mobility management function. This again proves
that wireless does not necessarily mean mobile.

2.5  The mobile phone is a composite device

As a mobile and wireless device the mobile phone is
more exposed to fraud and abuse. It is hence neces-
sary to have adequate protection. Strong symmetric
authentication is used to authenticate the mobile
phone and in 3G systems, network authentication is
also carried out by the mobile phone to avoid com-
municating and delivering confidential information to
the unauthorised network. Encryption of the commu-
nication channel is used to preserve the confidential-
ity and integrity. Most mobile phones are also
equipped with locking and PIN code mechanisms for
protection against unauthorised use of the phones.

In NMT (Nordic Mobile Telephone) and some Ameri-
can systems, the identity of the subscriber is assimi-
lated to the identity of the mobile phone. With GSM
the identity of the subscriber, the International Mobile
Subscriber Identity (IMSI) is separated from the ter-
minal identity, International Mobile Equipment Iden-
tity (IMEI). In order to provide personal mobility, the
identity of the subscriber is moved from the mobile
phone to a special component, called the Subscriber
Identity Module (SIM). The SIM is actually a smart
card having both processor and memory. It is a tamper

resistant device which is used to store the secret key
allocated to the subscriber and to perform the authen-
tication, encryption and decryption functions.

The mobile phone is hence a composite device con-
sisting of the mobile phone itself, also called Mobile
Equipment, and the SIM.

Description of the SIM

Smart cards have had a long history for telecommuni-
cation network operators with the pre-paid phone
card development. However, the most extensive
usage started with the introduction of the SIM card, a
specialised form of smart card in GSM.

A SIM card contains the subscriber identity module.
It is normally removable from the mobile phone and
comes in two sizes. Each SIM card has a unique identi-
fication number called IMSI (international mobile sub-
scriber identity). However, SIM cards continue to
evolve and host new applications with the increasing
demand for convergent mobile data (Internet) and
voice telephony. New applications exceeding the origi-
nal purpose of user identification include on-line bank-
ing, m- or e-commerce, bill payment and trading, and
further personalised usage of value-added services.

Authentication normally takes place when the MS is
turned on and with each incoming call and outgoing
call. A verification that the ‘Ki’ (secret key) stored
in the authentication center (AuC) matches the ‘Ki’
stored in the SIM card of the MS completes this process.

The AuC is a protected database that holds a copy of
the secret key stored in each subscriber’s SIM card,
which is used for authentication and encryption over
the radio channel. The AuC provides additional security
against fraud. It is normally located close to each HLR
(Home Location Register) within a GSM core network.

The user must enter a PIN (Personal Identification
Number) code on the handset in order to activate the
SIM before this automatic procedure can start.

Two physical types of SIM are specified by ETSI/
SMG and 3GPP. These are the “ID-1 SIM” and the
“Plug-in SIM”.

The corresponding Telecommunication Standards
(GSM 11.11 “Specification of the Subscriber Identity
Module – Mobile Equipment (SIM – ME) interface”
or 3GPP TS 11.11 [2]) define the interface between
the Subscriber Identity Module (SIM) and the Mobile
Equipment (ME) for use during the network opera-
tion phase of GSM as well as those aspects of the
internal organisation of the SIM which are related to
the network operation phase. This is to ensure inter-

Figure 4  The mobile phone with its components and
functions
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operability between a SIM and an ME independently
of the respective manufacturers and operators. 

The specification TS 11.11 defines
• The requirements for the physical characteristics of

the SIM, the electrical signals and the transmission
protocols;

• The model which shall be used as a basis for the
design of the logical structure of the SIM;

• The security features;
• The interface functions;
• The commands;
• The contents of the files required for the GSM

application;
• The application protocol.

Unless otherwise stated, references to GSM also apply
to DCS 1800 (GSM at 1800 MHz) and PCS 1900
(GSM at 1900 MHz as usually operated in USA).

The physical characteristics of both types of SIM
shall be in accordance with ISO 7816-1,2 (“Identifi-
cation cards – Integrated circuit(s) cards with con-
tacts, Part 1: Physical characteristics”, Part 2:
“Dimensions and locations of the contacts”) unless
otherwise specified. Format and layout of the ID-1
SIM shall be in accordance with ISO 7816-1,2,
whereas Annexes A.1 and A.2 of ISO 7816-1 do not
apply to the Plug-in SIM which has a width of 25
mm, a height of 15 mm, a thickness the same as an
ID-1 SIM and a feature for orientation.

SIM Application toolkit

GSM 11.11 defines that the ME communicates to the
SIM using a protocol specified in ISO/IEC 7816-3
(“Identification cards – Integrated circuit(s) cards
with contacts, Part 3: Electronic signals and transmis-
sion protocols”). The ME is always the “master” and
initiates commands to the SIM, and therefore there is
no mechanism for the SIM to initiate a communica-
tion with the ME. This limits the possibility of intro-
ducing new SIM features requiring the support of the
ME, as the ME needs to know in advance what
actions it should take.

A new interface was thus defined which allows the
SIM to act as master and the ME as a slave. The ME
can transfer control to an application on the SIM
device, and the SIM can issue a variety of commands
through this mechanism, which cover text display on
screen, operation of a dialogue between the SIM and
the user, requiring either a single character or a more
detailed user response, playing a tone on the ME,
polling the ‘idle’ activity of status information ex-
change between ME and SIM, the exchange of local
information between ME and SIM, a SIM initialisa-
tion and restart of a card session by resetting the SIM,

provision of a list of items the user is expected to
choose one from, sending a short message or an SS
to the network, setting up a call, and incorporation
of new features into the ME’s menu structure.

SIM toolkit features can be classified into the follow-
ing categories:

• Control of the man-machine interface;
• Communication services;
• Menu management and application control;
• Accessory management;
• Miscellaneous.

Standard GSM 11.14 “Specification of the SIM appli-
cation toolkit for the Subscriber Identity Module –
Mobile Equipment (SIM – ME) interface” or 3GPP
TS 11.14 [3] define the interface between SIM and
ME and mandatory ME procedure specifically for the
“SIM Application Toolkit”.

SIM Application Toolkit (SAT) is a set of commands
and procedures for use during the network operation
phase of GSM, in addition to those defined in GSM
11.11.

Specifying the interface is to ensure interoperability
between a SIM and an ME independently of the
respective manufacturers and operators.

GSM 11.14 defines the commands, the application
protocol, and the requirements on SIM and ME for
each of the SAT mechanisms like

• Profile Download;
• Proactive SIM;
• Data download to SIM;
• Menu selection;
• Call control by SIM;
• MO (Mobile Originated) Short Message control by

SIM;
• Event download;
• Security;
• Multiple card.

SIM applications

In general, SIM services require a strong level of
security (authentication and/or encryption) like

• Payment services;
• Banking services;
• Network access (WLAN-SIM);
• Any other information like sports updates, news

etc. that require subscriptions;
• Typically operator controlled services; provided

access to through an “operator button” on the
handset.
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SIM is originally an operator-controlled service en-
vironment in the mobile phone. SIM suppliers have
custom built the SIM applications based on require-
ments from operators. However, lately the SIM has
been opened up for application providers by adding
open development environments based on Java Card

and Dynamic SIM Toolkit [4]. The SIM has been
transformed into a powerful platform to host multiple
applications and enabled complete application life-
cycle management. SIM applications can now be pro-
visioned by using an Over-The-Air (OTA) approach
combined with Java technologies. Although the oper-
ators still control which applications reside on the
SIM, they can now focus on picking applications
from a vast list of services and easily provision these
to all their customers. 

USIM-Card

The document 3GPP TS 21.111: “USIM and IC Card
Requirements” defines the requirements of the USIM
(Universal Subscriber Identity Module [5]) and the
IC card for 3G (UICC: Universal Integrated Circuit
Card) [6]. These are derived from the general service
and security requirements for 3G systems. The USIM
is a 3G application on an IC card. It inter-operates
with a 3G terminal and provides access to 3G services.

3  The mobile phone form factors
Mobile phones come in several different form factors,
i.e. physical styles. While manufacturers are continu-
ally coming up with new types of designs, there are
several common categories used on this site to
describe form factors:

• Bar: (AKA candy-bar or block) This mobile phone
type is the most basic style. The entire phone is one
solid monolith, with no moving parts aside from
the buttons and possibly antenna. To prevent keys
from being pressed accidentally while the phone is
in a pocket, etc., a “key guard” feature is usually
provided, requiring a special key combination to
“unlock” the keys.

• Clamshell: (AKA folder) This mobile phone type
consists of two halves, connected by a hinge. The
phone folds up when not in use. The top half usually
contains the speaker and the display or battery, with
the bottom half containing the remaining components.

Most clamshell phones have a feature called Active
Flip, which means that calls can be answered and
ended by simply opening and closing the phone.

• Flip: This mobile phone type is a cross between the
Bar and Clamshell types. Most of the components
of the phone are in one part, but a thin “flip” part
covers the keypad and/or display when not in use.
The flip may be all-plastic, or it may contain one
or two minor components such as a speaker or sec-
ondary keys. Most flip phones also feature Active
Flip, as described above.

Figure 5  A candy bar mobile
phone

Figure 6  A clamshell phone

Figure 7  A flip phone Figure 8  A slide phone
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• Slide: This mobile phone type is usually designed
similarly to a clamshell, with a large main display
and speaker in one half, and the keypad and battery
in the other half. But the two halves slide open
instead of using a hinge. Slide designs allow the
main display to be seen when closed, and are gen-
erally easier to open and close one-handed.

4  Evolution of the mobile phone

4.1  Evolution of the SIM

With the technology progress, the smart card has
evolved from a single application card hosting a
unique application to becoming a multi-application
one. Multi-application smart cards are cards that can
be used for more than one application at the same
time. They may be seen as multiple cards jointly put
into one. Multi-application smart cards have shown
that they can deliver highly secure transactions and
enforce true protection between applications held
within the card itself. Their powerful encryption and
digital signature capabilities are ideal for the emerg-
ing new technology sectors. Smart cards have built-in
tamper resistant qualities, and PKI (public key infras-
tructure) incorporating digital signatures functionality
embedded in their chip. These fundamental features
contribute to creating a totally secure environment for
applications owned by different parties.

As a smart card, the SIM card can evolve from a
device containing the Subscriber Identity and the
cryptographic functions necessary for the authentica-
tion to being a universal tamper resistant device that
can host other applications such as:

• Identification: This application contains user
personal information such as name, date of birth,
home address, telephone number, etc. It may also
contain photos of the user or fingerprints. It has the
capability to display these contents upon eligible
request.

• Authentication and Authorisation: This application
makes use of the cryptographic functions of the
smart card to offer authentication and authorisation
of the user for other applications. These applica-
tions can be located on the SIM card, the mobile
phone or even in other devices such as a laptop.
There exist currently several authentication appli-
cations such as SIM authentication, One-time pass-
word authentication.

• Personalisation: This application enables the user
personalisation of services and applications, i.e. to
allow the user to customise his services regarding
both functionality and presentation. Basically, it

exploits the safe storage capability of smart cards
to save the user ‘s preferences and settings for
other applications and offers interfaces to retrieve,
modify and store them.

• Financial transaction: This application allows car-
rying out financial transactions, e.g. transferring
money from one account to another. Thanks to the
strong authentication available on the smart card,
this application enables the user to log on to finan-

Mobile Commerce

Briefly, Mobile Commerce can be defined as commerce done using mobile

devices, especially mobile phones. As in traditional commerce, mobile com-

merce consists of the following phases:

• goods examination

• selection

• payment

• delivery.

An example of a total solution for mobile commerce is Telenor’s SmartPay.

The commerce phases, i.e. goods examination, selection, payment and deliv-

ery, can be carried out separately to increase flexibility. The user can search

information and goods independently of payment. They may use any channel

for goods searching, e.g. WAP, SMS, Web, fax, phone calls, etc. The purchase is

carried out on the mobile phone using either SIM Application Toolkit or SMS

depending on the security level that the user has chosen.

As shown in Figure 9 the purchase process is initiated by the shop after the

user has selected the goods. The purchase transaction involves the shop,

the Payment server connected to the financial institutions (bank, credit card

companies) and the secured access control to the mobile phone.

The SIM card is a multi-application smartcard, which besides the Subscriber

Identity contains the SIM Application Toolkit and the PKI (Public Key Infra-

structure) necessary for the authentication and authorisation of the user

and digital signing.

Figure 9  The SmartPay System architecture
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To use SmartPay the user has to activate the PKI application on the SIM card

and download a SIM toolkit application over the air (OTA) by sending an SMS

to a number such as 2500. The registration of the user data, e.g. bank account

numbers can be entered on the phone, via the Internet for customers with net

bank accounts, or at the bank or post office.
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cial institutions to perform financial transactions
using a digital signature.

• Payment: This application, thanks to the digital
signing functions on the smart card, allows the user
to carry out payment functions towards banks or
credit card companies. It may offer both micro pay-
ment (e.g. less than 100 Euros) or macro payment
(e.g. over 100 Euros).

• Loyalty: This application can be owned and admin-
istered by a third party. It registers the bonus points
that the user has accumulated through his service
usage. It may be equipped with the ability to dis-
play the balance of points to the user.

• Health care: This application holds the health infor-
mation of the user. As a tamper resistant device the
smart card is a secure storage for confidential per-
sonal information. This is only possible thanks to the
tamper resistant characteristics of the smart card.
Since the mobile user is carrying the mobile phone
with him most of the time, his health information
will always be available when he needs them.

• M-commerce: This application enables performing
M-commerce and it will be described more thor-
oughly in the box below.

4.2  Evolution in bandwidth and bit rate

For service platforms on mobile phones to be of great
value, the mobile phones must allow services to
access adequate levels of resources both on the de-
vice, e.g. in terms of processing power and storage,
but also in terms of network bandwidth.

When mobile data services were introduced through
Circuit Switched Data (CSD) (i.e. for dial-up ser-
vices), the maximum theoretical network throughput
achievable by a handset was 14,400 b/s. This was due
to the underlying mechanisms for sharing the radio
spectrum (FDMA and TDMA in GSM) and the algo-
rithms for encoding/decoding information on the
wireless bearer.

High-Speed Circuit Switched Data (HSCSD) in-
creased the theoretical maximum throughput for each
user to 115.2 kb/s by combining up to 8 timeslots for
a user (where each timeslot provides 14,400 b/s).

Enhanced Data Rates for GSM Evolution (EDGE) is
an update to the air-interface in GSM networks, and
by using other schemas for modulation onto the wire-
less carrier, the efficiency of the radio spectrum is
increased. This can offer up to 69.2 kb/s per timeslot,
for a total theoretical rate of 473.6 kb/s. The actual
rate depends among other things on the error-correc-
tion schema employed.

UMTS brings along promises for further increased
throughput rates. For UMTS, a completely new radio
interface is introduced, and the theoretical maximum
throughput rate at high mobility is 384 kb/s, the max-
imum rate in stationary situations is 2 Mb/s.

4.2.1  Multiple Air Interfaces

In parallell to the development of the mobile telecom-
munication standards, other short range wireless stan-
dards are also steadily being improved. The future
mobile terminals will include not only one wireless
interface, but at least three; cellular network interface
(e.g. UMTS), medium range wireless interface (e.g.
WLAN, Bluetooth) and short range wireless interface
(e.g. RFID). Another option is to include medium
range low rate interfaces like the ones specified by
ZigBee.

4.2.2  Bluephone

The Bluephone project by British Telecom (BT)
allows a normal cellular phone to connect, place and
receive calls through a Bluetooth basestation when
inside a house or in the office. Since the project was
announced, the WiFi1) standards have evolved, and
BT is now aiming at using WiFi instead of Bluetooth
in upcoming versions of Bluephone. However, Blue-
phone does not provide Voice over IP service, so it is
not part of the ongoing convergence. Calls are still
transferred over the GSM network.

Figure 10  Evolution in transfer rate
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1) WiFi (sometimes written Wi-fi, Wi-Fi, Wifi, wifi; and an acronym for “wireless fidelity”) is a trademark for sets of product
compatibility standards for wireless local area networks (WLANs). WiFi is quite often used interchangeably with WLAN.
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It is highly likely that many of the future cellular
phones will include a WiFi interface, and due to the
increased processing and memory capabilities of
these phones it is likely that Voice-over-IP will be-
come a common way of placing voice calls from cel-
lular phones when within range of WiFi base stations.

4.2.3  WLAN and UMA phone

With the rising popularity of WLAN and the increas-
ing number of WLAN hotspots, it is not surprising
to see the appearance of mobile phones with WLAN.
The biggest hindrance of WLAN until now has been
the high power consumption which is due to the fact
that with WLAN scanning is done continuously over
the whole channel. This issue is partly solved by the
introduction of Ultra low power WLAN chip that has
higher integration, less component and most impor-
tantly can have sleep operation mode.

The WLAN equipped with a SIP client becomes
hence a wireless IP phone that can operate within the
coverage of an access point or a hotspot. Figure 11
shows a wireless IP phone, WIP 5000 from Unidata,
a Korean vendor. Soon the IMS phones, i.e. phones
equipped with the 3GPP IP multimedia system API,
will appear and offer VoIP, push-to-talk, instant mes-
saging services over the cellular network.

Philips went a step further to promote UMA (Unli-
censed Mobile Access) into mobile phones. UMA
Technology provides an alternative access to GSM
and GPRS core network services via IP-based broad-
band connections. In order to deliver a seamless user
experience, the specifications define a new network
element and associated protocols that provide for the
secure transport of GSM/GPRS signaling and user
traffic over IP. The caller can automatically switch
from GSM to IP-based networks and back again

without interruptions. UMA
also helps to make better use
of the scarce GSM spec-
trum: as soon as a phone is
in reach of an UMA access
point, it will leave the GSM
spectrum and continue its
call over WiFi, leaving the
GSM spectrum for those
callers that really need it.

4.3  Evolution in func-

tionality and services

There has been a continuous
evolution in the functional-
ity and services provided by
cellular phones and net-
works since the introduction
of Nordic Mobile Telephony

(NMT). Initially, the goal was to provide mobile tele-
phony with roaming opportunities across the borders
of the Nordic countries.

A timeline approximately illustrating the development
and emergence of new services and service enablers
for mobile phones in GSM is shown in Figure 12.

With the introduction of GSM, supplementary ser-
vices were added. Examples of these services are
call-forwarding, call-barring, caller-id, voice-mail
etc. The Short Message Service (SMS), as well as the
parallell development of the Internet, helped spawn
the work with support for more advanced data ser-
vices on cellular phones.

The first generation of data services on cellular
phones (disregarding services used through dial-up
Internet with CSD) were based on SMS, and this cat-
egory of services is still the most successful.

The second generation of data services were intro-
duced with the Wireless Application Protocol (WAP).
WAP was branded the Internet/WWW for mobile,
handheld devices. However, and probably due to its
overexposure as the Internet-equivalent for mobile,
WAP has not been as great a success as SMS. There
can be several reasons for this:

• From a developer and service provider viewpoint:
In the beginning, Web-pages had to be completely
re-designed to fit WAP and with the form-factor of
WAP-enabled devices the technology was not in
place to ease this process;

• From a user viewpoint: Browsing complex Internet
pages is too cumbersome on small devices. Devices
have just recently got displays that can render visu-
ally good pages;

• A lot of services provided by WAP are more easily
provided and consumed by SMS; e.g. simple look-
up and directory services (e.g. a public phone
directory); easier to use and easier to develop.

The third generation of data services has in the last
years been emerging, and these are enabled by Java 2
Micro Edition (J2ME). This generation of services
are mostly realised by standalone software on the

Figure 12  Timeline displaying development of the major service enablers
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handsets, e.g. games, calendars, Personal Information
Managers (PIM) and similar. However, as the specifi-
cations of the J2ME platforms are maturing, support
for more advanced functionality is being added to the
devices. For example, some new cellular phones
allow J2ME applications to take control over camera
functionality, Bluetooth functionality and the file
system on the device. In addition, some devices now
include support for higher-layer communication pro-
tocols like SOAP and SIP. The former will propel
the development of services realised by distributed
systems, as opposed to the early services that were
realised by standalone applications. As the 3rd Gen-
eration (3G) mobile telecommunication system has
been launched, the feasibility of providing highly
distributed data services has been further increased.

In addition to the three generations of data services
described above, cellular phones increasingly include
advanced functionality like mp3-players, video play-
back and productive applications like Office applica-
tions.

4.4  Evolution from black box to open device

As a terminal, the mobile phone is originally a black
box, i.e. its functionality is defined at fabrication time
and only the manufacturer fully knows about its inter-
nal structure. As a telephone, the mobile phone
should be able to support telephony service. All other
services and application are considered as extra
offered by the terminal manufacturers. A black box
device is usually tested carefully and is both simple
and reliable.

The biggest drawback is the lack of flexibility com-
pared to a computer where the user can purchase sep-
arately the hardware and software components. One
can argue whether the mobile phone needs to be an
open computer, but there is obviously a demand for
functionality upgrading and customisation after fabri-
cation. Indeed, although still being in minority, the
smartphones, i.e. mobile phones with an operating
system and supporting the installation of applications
by the operator or the user, are increasing rapidly in
number. Let us have a brief overview on operating
systems of smartphones.

4.4.1  Mobile phone operating systems

• Symbian

Symbian OS is an Oper-
ating system designed
for wireless information
devices such as communicators, smartphones and
handheld computers. It is developed, licensed and sup-
ported by Symbian Ltd. (www.symbian.com). Newer

versions (6.0 and later) are called Symbian OS or Sym-
bian platform, but EPOC is still a widely used name.

The first public release was made by Psion in April
1997, when it emerged in the Psion Series 5. Psion
Software was de-merged from the Psion Group and
became Symbian Ltd, formed as a joint initiative
between Ericsson, Nokia, Motorola and Psion.
Lately, Nokia holds the majority of the shares and
this makes Symbian less attractive to other manufac-
turers.

• BREW

BREW (Binary Run-
time Environment for
Wireless) is a wireless-
application-development platform for phones that use
the Qualcomm-developed code-division multiple
access (CDMA) cellular technology. In the future,
BREW may run on PDAs and also work on other
popular cellular technologies, including time-division
multiple access (TDMA) and the global system for
mobile communication (GSM).

Developers can create games
and other applications that work
on any BREW-enabled phone,
regardless of the device’s operat-
ing system.

On the phone itself, BREW is a thin client (about
150 K) that sits between a software application and
the Application Specific Integrated Circuit (ASIC)
level software. Thus, developers can write to BREW
without knowing or caring about the device’s chipset
or air interface. The second major component of
BREW is the BREW Distribution System (BDS). The
BDS is a wireless data services delivery and billing
environment. Leveraging an open and extensible
technology, the BDS enables network operators to
rapidly deploy wireless data services to subscribers
network-wide via mobile devices.

• Microsoft Windows Mobile

Microsoft has developed
its own operating system
named Windows CE for
the mobile devices, which has a look and feel of tra-
ditional windows GUI (Graphical User Interface).
The usage of Windows CE covers a broad range of
devices like handheld PCs, high-speed data acquisi-
tion devices, Internet access devices, web terminals,
industrial automation, retail and point of sale devices.

While both Pocket PC 2000/2002 (Phone Edition)
and SmartPhone 2002 are based on Windows CE 3.0,
which is a modular, embedded real time operating
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system for mobile 32-bit devices, they address Per-
sonal Digital Assistants (PDAs) and smart phones,
respectively. However, the latest version released in
April 2005, called Windows Mobile 5.0, supports
both smart phones and PDAs.

• SavaJe OS

SavaJe OS developed by
SavaJe Technologies, is a
richly-featured, high perfor-
mance, Java-based operat-
ing system for mobile multimedia handsets, delivered
with a complete set of easy-to-use applications, and
a fully-customizable user experience layer. It uses
J2ME CDC (Connected Device Configuration)
instead of CLDC (Connection Limited Device Con-
figuration). SavaJe OS is available pre-ported to a
number of common wireless chipsets. The first refer-
ence implementations are available on TI OMAP and
Intel processor families, but any ARM9-based CPU
can also be supported.

• Palm OS

The Palm operating system is a propri-
etary operating system from Palm Inc
(in fact a subsidiary of 3Com Corp).
The Palm Inc provided the Palm OS
for its handhelds and licensed it to
other manufacturers. Recent models of Palm and
compatible devices include a colour display and an
interface for accessories, which range from a fold-in
keyboard to a mobile phone. Palm devices are func-
tionally simple devices that concentrate on the user
interface and experience. The available memory on
them is usually severely limited, so there is a strong
trend of minimalism in Palm applications. Palm
Computing provides a software development kit, but
it requires a separate C compiler or an integrated
development environment, such as Metrowerk’s
CodeWarrior. This section will introduce the main
features of PalmOS, the platform availability, the spe-
cific platform capabilities and the existing develop-
ment environments.

• Embedded Linux

Embedded Linux is a feature-rich subset of Linux,
stripped down to include only those elements of
Linux that are useful on an embedded system. For
example, embedded systems typically use FLASH
memory in place of a hard drive to store the file sys-
tem. Embedded Linux systems transparently support
the Linux file system. Linux applications do not
know that FLASH memory is in use and your prod-
ucts have the added benefits of intelligent FLASH
memory management. 

Embedded Linux versions are also mostly stripped
of the overhead of a graphical interface, embedded
Linux boots in just a few seconds and fits into a few
megabytes of FLASH memory. In addition, Linux is
known to be stable and reliable, and it is based on
open-source. This has had the result that several dif-
ferent vendors have developed their own embedded
operating system based on Linux. As an attempt to
standardize an embedded Linux platform, the Embed-
ded Linux Consortium (ELC) released a specification
of such a platform in December 2002.

a. MontaVista

MontaVista is a developer of embedded Linux. Until
now the most used version is called the Linux Con-
sumer Electronics Edition (CEE) 3.02). It is the first
Linux operating system and cross-development envi-
ronment specifically designed for consumer electron-
ics applications such as mobile phones, digital televi-
sions, set-top boxes and automotive telematics. CEE
3.0 is based on the 2.4.20 Linux kernel. The most
recent embedded Linux version from MontaVista
is called MontaVista Linux for Mobile Devices
(MOBILINUX). This version is based on the Linux
2.6 kernel, and it includes X Windows support
through Tiny X (an Xfree86 implementation), graphi-
cal widgets through GTK (Gimp Toolkit) and two
different WindowManagers.

b. Trolltech Qt/Embedded

Trolltech provides the Qt/Embedded which is an
application development framework targeted at
embedded devices. It is currently used to develop
numerous types of products and devices on the mar-
ket, ranging from consumer electronics (mobile
phones, web pads and set top boxes) to industrial
controls (medical imaging devices, kiosks, mobile
information systems and others).

Qtopia Phone Edition builds on Qt/Embedded and is
an application platform and user interface specifically
targeted at PDAs and mobile phones. This means that
existing Qt/Embedded applications easily can be
plugged into Qtopia-based devices with minimal
effort. This has resulted in the availability of an
unlimited number of applications for Qtopia-based
devices.

c. OpenWave

OpenWave is the provider of different content deliv-
ery solutions for mobile phones. The solutions can be
delivered integrated in what is called the OpenWave
Phone Suite Version 7, or they can be delivered as
standalone components (instant messaging client,
mobile browser, SMS/EMS/MMS messaging clients,

2) http://www.mvista.com/cee/index.html
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mobile e-mail etc.). All these products are compatible
with any third party Java Virtual Machine (JVM),
which means that it can be integrated with Embedded
Linux distributions like MontaVista.

d. LynuxWorks BlueCat

LynuxWorks provides an embedded
Linux distribution called BlueCat,
which is based on the Linux kernel
version 2.6. This distribution also
supports Qtopia and Qt/Embedded
from Trolltech. 

4.4.2 Distributed Computing middleware

To pave the way for innovative applications on the
mobile terminal, portability must be ensured. Indeed,
both the cost and the time-to-market will be consider-
ably reduced if applications are written once and run
on every phone. Seen from the user, it is also desir-
able to have access to the same applications on differ-
ent mobile phones.

Figure 13a shows the original architecture of a com-
puter with three layers: Hardware, Operating System
and Applications. The computer is a general-purpose
machine in the sense that its functionality is deter-
mined by the applications installed on it. The applica-
tions running on a computer are bound to this com-
puter in two ways:

• The source code is bound to the operating system
through the usage of the operating system API.

• The executable code is bound to the hardware,
especially the processor and the display.

An application (executable code) is hence not
portable, i.e. it cannot be moved and run in another
computer having different hardware and operating

system. For a computer with different hardware a
recompilation of the application is required. For a
computer with different operating system, code modi-
fication is necessary before recompilation. For exam-
ple, an application written in C/C++ on Symbian v6.0
may need some modifications to run on Symbian
v7.0. Recompilation is required to move and run a
C++ application from one phone to another.

In order to make the applications portable, a middle-
ware is introduced between the applications and the
operating system. Distributed Computing middleware
such as CORBA removes the application binding to
the operating system but recompilation is still needed.
By Interpretation middleware in Figure 13b we refer
to middleware that also offers interpretation and con-
version of the intermediate code to machine code at
execution. At compilation time the program code is
compiled onto intermediate code and not onto
machine code. An example of such interpretation
middleware is the JAVA Virtual Machine (JVM). In
fact, the application code is executing on a virtual
machine and is not aware of the hardware machine
underneath. It is worth noting that the API offered by
such an Integration Middleware must be open and
standardised to ensure portability. The telecom and
security APIs must also be standardised.

It is desirable to have Interpretation Middleware in
the mobile phone in order to ensure Application
Portability. It is also crucial that APIs for telecom
functionalities are provided for this Interpretation
Middleware layer.

4.4.3  XML Web Services support

In Figure 13c an additional layer called Web Service
Framework has been added on top of the Interpreta-
tion layer. This layer will enable the execution of
XML Web Services.

A Web service is application logic that is made avail-
able on the Internet using the following standards:
XML for data description, SOAP for message wrap-
ping, WSDL for service description and UDDI for
service discovery.

This layer is particularly important for mobile devices
that can only host thin XML Web Service clients due
to the limitations in processing, storage and battery
life. The thin clients can collaborate with thicker
XML Web Services on the network to offer valuable
services to the user. Furthermore, a Web Service run
on a Web server can be accessed by various clients
installed in different mobile devices as shown in Fig-
ure 14. The Web services exposed legacy applica-
tions that can be implemented in proprietary tech-
nologies.
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It is desirable that XML Web Service Framework is
supported in the mobile phone.

4.4.4  Web services layer

As mentioned earlier, data services for mobile phones
will increasingly be realised by distributed systems.
In the early days of J2ME, proprietary protocols had
to be devised on top of HTTP when building dis-
tributed services. This is no longer necessary to create
this type of services. The introduction of XML Web
Services support for mobile phones, first by kSOAP
and then more recently by standardization through the
Java Community Process (JCP) as Java Specification
Request (JSR) 172, allows developers to more easily
implement communication between the client side
software and server side software. JSR172 defines a
subset of the standard XML Web Services protocols.
Some functionality, like support for binary attach-
ments, is not supported, but the standard simplifies
developing distributed systems where a mobile termi-
nal should act like a client. Much like CORBA, it is
possible to generate client stubs (as well as skeletons
for the server side) based on a description of the ser-
vice interfaces. These interfaces are specified using
the Web Services Description Language (WSDL),
and should include all information necessary to inter-
act with a Web Service. Although JSR172 is an
optional package to the J2ME platform, some recent
mobile phones come fully equipped with this library
from the manufacturer (e.g. Nokia N91). For testing it
is also possible to use the wireless toolkit provided by
Sun which includes a reference implementation of the
JSR172 specification.

Server side components can be developed with stan-
dard Java or .NET tools and deployed in standard
application servers like the Jakarta Tomcat with Axis
for handling the XML Web Service layer.

The major benefits of XML Web Services for hand-
held devices are:

• Standardized and open interfaces. This can allow
a multitude of developers to develop their own
clients that communicate with the same server side
components. Services are exposed using the Web
Services Description Language, which is a com-
plete description of the service interface in XML.

• Ease of implementation. Tools exist that ease the
development efforts of the client-server communi-
cation mechanisms. Stubs can easily be generated
for clients, and for a developer, remote method
calls can look exactly like local calls (similar to
RMI and CORBA). This allows the developer to
focus on higher-layer tasks, like the value-added

service that should be provided to the user whilst
leaving protocol details to the system.

The major drawbacks of XML Web Services for
handheld devices are:

• Overhead in the communication. Using XML for
encoding data yields some overhead in the commu-
nication, which is problematic with today’s limited
capacity on the wireless bearer.

• Overhead in the processing. Parsing and process-
ing XML also yields some overhead, which can be
crucial for limited capacity handheld devices.

• Currently no support for attachments. The mobile
equivalent to XML Web Services, i.e. JSR172,
does not currently support attachments. This can be
a limitation for certain services requiring transport
of binary data. The solution is to encode the binary
data with the base64-algorithm before transferring
it.

4.4.5  Operator’s customisation

The current situation where the mobile phone’s func-
tions and presentation are decided by the manufactur-
ers is not very satisfactory to the operators, who want
to be able to differentiate in their service offering at
the same time as the number of service platforms is
low. There are currently so many different mobile ter-
minal platforms which are completely different and
they pose big problems to the wireless operators.

Further, operators wish to be able to offer customisa-
tion of handset in order to differentiate in their ser-

Figure 14  Ubiquitous access to applications via
heterogeneous devices

Web service clients Web services Application logic
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vice offering to reduce customer churn and to im-
prove loyalty. Figure 15 shows an example of opera-
tor’s customisation.

The Open Mobile Terminal Platform, OMTP Ltd.
(“OMTP”) has been established to gather the needs of
the mobile operator community for mobile terminal
platforms and to define and agree on those require-
ments necessary to deliver openly available standard-
ised application interfaces to provide customers with
an improved user experience across different devices.
This will also enable individual operators and manu-
facturers to more easily customise and differentiate
their products and services.

The founding members of OMTP are mmO2, NTT
DoCoMo, Orange, SMART Communications, Tele-
fónica Móviles, TIM (Telecom Italia Mobile), T-
Mobile and Vodafone. The goal of the Open Mobile
Terminal Platform (OMTP) is to achieve the open-
ness of the mobile terminal in the same way as the
computer experienced in the 70s, where the computer

is a black box that the
customer has to buy as
a whole.

4.4.6  User’s personalisation

Parallel with the operator’s demand for customisa-
tion, there is a user demand for personalisation of
their handset. Indeed, the mobile phone is no more
only a communication terminal bit but a personal
accessory that the owner uses to express himself. The
personalisation of a handset can include the following
adaptation:

• Ringtones
• Logos
• Wallpapers
• Celebrity Voice-mail Messages
• Handset facias
• Personalised Location Based Services (e.g. targeted

navigational and advertising services)
• Themes that include icons, wallpapers, back-

grounds, colors, etc.

There are also websites like MyFoneThemes.com that
offer a service for converting any image or photo of
the user (examples: own photo, a loved one’s photo,
own artwork, a favorite celebrity’s picture) into a
phone theme for his mobile phone. They produce per-
sonalised phone themes on demand according to the
submitted photos and specifications.

At first glance, the user’s personalisation may appear
to be in conflict with the operator’s customisation but
it does not have to be. In fact, a balanced combination
of operator’s customisation and user’s personalisation
will be the best for both parties. An example of such
combination is the FT (Financial Times) personalised
mobile phone [10], which allows the user to select
“My industry News”, “My Share Quotes”, etc. from
the Financial Times content source.

Figure 16  Example of mobile phone’s theme

Figure 15  Telenor Nordic Mobile customisation
with Entry
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4.5  Evolution in ownership model

In the early NMT system and also now in the Ameri-
can and Japanese mobile telecommunication systems,
the subscription includes the mobile phone which is
the property of the operator lent to the subscriber dur-
ing the subscription time. The operator in this case
(see Figure 17a) has the total control of the mobile
phone and can, in principle, decide both the function-
ality and the presentation of the mobile phone.

In the GSM system, with the introduction of the SIM
card, the ownership of the mobile phone is transferred
to the user. The manufacturers then had the freedom
to decide and compete on the functionality, form fac-
tor, look and feel of mobile phones.

The evolution does not stop there, because the mobile
phone is not a stand-alone device but rather a com-
municating one. First, there is the emergence of the
operator’s services located on the operator’s domain
and accessed through a thin client, which could be a
browser, on the mobile phone. In order to function
properly, these services might require proper configu-
ration and customisation from the operator. This leads
to the operator’s claim to control the mobile phone.

Second, there are more and more services that are
offered by third party service providers such as
banks, credit card companies, online game, web-
shops, etc. that may or may not have an agreement or
alliance with the mobile operator. To ensure that their

services work well, they are also interested in getting
some control of the mobile phone.

Last but not least, the enterprise, i.e. employer of the
user that pays for both the mobile phone and the
mobile subscription, naturally wants to be able to
control the functionality and presentation of the
mobile phone. Indeed, when the mobile phone is get-
ting advanced and allows the users to access emails,
documents, information, etc, that are located within
the enterprise’s intranet, it is crucial that the enter-
prise has the right to control.

One way to solve this conflict situation is to design
a mobile phone with five discrete execution environ-
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Figure 17  The ownership models
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ments for the five parties or at least, five separate
storage areas (EEPROM, Flash memory or memory
card) as shown in Figure 18.

This solution does not, however, prescribe any hier-
archy telling what actor should have higher priority
than the others. In fact, such a hierarchy should be
changed according to the different situations as fol-
lows:

• The mobile phone is purchased and totally paid
for by the user: It is then reasonable that the user
should have the highest right to decide whatever he
wants. However, it might be necessary for funda-
mental functions such as making and receiving
calls, sending and receiving SMS, etc. to be locked
such that the mobile phone can still operate as a
phone even when being attacked.

• The mobile phone is purchased by the user but
subsidized by the operator: In this case the operator
will have the right to customise the mobile phone
as it wants. However, a balanced combination
between operator’s customisation and user’s per-
sonalisation will be the best solution.

• The mobile phone is purchased and totally paid for
by the enterprise: In this case, the enterprise might
want to have branding on the wallpaper, logos, etc.
and to install clients for communication with enter-
prise applications. Here again, some level of user
personalisation can be a good thing to have.

5  Mobile phone trends
With the advance in microelectronics, the mobile
phone had the opportunity to evolve from a commu-
nication device, i.e. a mobile terminal to be a mobile
computing device, e.g. a handheld computer or a
Personal Digital Assistant (PDA). In fact, the smart-
phones have invaded and conquered the market of
PDAs. The evolution of mobile phones will not stop
there and will continue to expand and threaten other
devices that we are going to discuss successively.

5.1  Mobile phone as low end camera

Mobile phones with digital cameras appear in the
market both in large numbers and in varied quality.
Quite affordable mobile phones of the middle seg-
ment use CMOS matrixes and the quality of photos
is quite good under conditions of a sunny day, yet
indoors a noise appears as photosensitivity of the
matrixes is slender. Siemens S65 is an example of
such photos.

Currently, telecom manufacturers strive to produce
matrixes of a higher quality and position these prod-
ucts as a partial substitute for digital cameras. One
can dispute whether the quality of matrixes is good,
but production of hybrid devices is in full swing. The
main task for such devices is just providing an
acceptable quality of photos. It will not be long, prob-
ably beginning of the autumn 2006, before the quality
of cameras will be comparable to current low-end
digital cameras. This will be attractive to many users
since they will not need a separate digital camera and
can still take pictures of acceptable quality.

The main improvements of cameras mounted in
mobile phones are as follows:

• Introduction of the macromode that allows a digital
camera to photograph close-up pictures of small
objects like flowers, insects, coins, etc. Macro mode
potentiality varies from camera to camera but al-
most all digital cameras offer this exclusive feature
to enable the users to widen up their imagination
and their weirdest fantasies in creating art.

• Appearance of autofocus,

• Offering resolution of 2 megapixels or higher,

• Unifying the camera interface to make them as
similar as possible to the digital camera. 

Figure 19  Mobile phone with camera

3) Flash memory (sometimes called “flash RAM”) is a type of constantly-powered nonvolatile memory that can be erased and repro-
grammed in units of memory called blocks. It is a variation of electrically erasable programmable read-only memory (EEPROM)
which, unlike flash memory, is erased and rewritten at the byte level, which is slower than flash memory updating.
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5.2  Mobile phone as portable storage

Mobile phones contain more and more memory.
On the advanced ones, there is from 4 Mbytes up to
80 Mbytes Flash memory3). In addition, memory
cards can also be installed in the mobile phone to con-
siderably increase the storage capacity up to Gigabyte
level. There are many card types such as MS Duo
promoted by Sony Ericsson, RS-MMC by Nokia,
MMC/SD by Japanese manufacturers. The mobile
phone will then be an ideal portable storage device.

The mobile phone will of course not threaten the
USB flash drive also called USB drive, flash drive,
keychain drive, or disk-on-key since, with their quite
affordable prices they have become consumables like
diskettes that are used in documents and data transfer
between people. However, a mobile phone equipped
with a USB cable to connect to a computer will
become the user’s private and portable information
container that always stays with him.

5.3  Mobile phone as MP3 player

Equipped with Flash memory, the mobile phone can
easily be turned into an MP3 player. Quite soon, the
quality of the players in the mobile phones will be com-
parable to the standalone MP3 player. At this early
phase the prices are still high but they will soon be
competitive and the mobile phone will really become
a threat to the MP3 player. The typical example of
mobile phone in this class is the Sony Ericsson W800
that is promoted with the trademark of Walkman which
is famous in the market of portable audio equipment.

5.4  Universal security token

The mobile phone consisting of the phone itself and
the SIM card constitutes both a smard card and a
smart card reader that can be exploited to provide
security services like authentication, encryption/
decryption and digital signing to all the user’s appli-
cations. These applications can also be located on
other computers or devices that communicate with
the mobile phone via infrared or Bluetooth.

The SIM card on the mobile phone will perform the
security function and return the result to the mobile
phone that in turn passes it to the application using
either infrared or Bluetooth.

Figure 20  A memory stick

Figure 21  A mobile phone as MP3 player

Figure 22  Using SIM in application authentication
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For authentication, the SIM card can offer three
authentication methods:

• Using the GSM network authentication
- A3/A8 algorithms and radius server

• Using the Short Message Service (SMS) security
3GPP TS23.048
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- Encryption and Signature/Checksum/Redun-
dancy keys

- Over The Air (OTA) server

• Using SIM Toolkit One-time password applets
- Dedicated symmetric key and HOTP applet
- HOTP authentication server

5.5  Universal remote control

A mobile phone may act as remote control for almost
everything from TV, stereo music system, door, elec-
tricity switch, etc. since it is equipped with short-
range wireless communication capabilities such as
infrared, Bluetooth, etc. and a keypad for issuing
command or eventually entering the required pin
code.

There are currently numerous remote control applica-
tions that can be downloaded and installed in the
mobile phone. An example of such applications is for
example the Psiloc that can be used in a range of ter-
minals like Sony Ericsson P900.

5.6  Payment device

As mentioned earlier, the mobile phone can be a quite
valuable payment device allowing both micro- and
macro payment thanks to the strong security func-
tions offered by the SIM card. However, it is worth
noting that the mobile phone is used to pay only for
goods purchase electronically and not for merchan-
dise in the shop. With the emergence of Near Field
Communication (NFC) technology that equips the
mobile phone with the possibility to interact with its
surroundings by simply “touching” them, the mobile
phone can become a payment device for the mobile
user. The SIM card can store credit cards, tickets, ID
cards and e-money that can be transferred by the
mobile phone using NFC to the point-of-sale (POS)
terminals.

6  Conclusion
Although originally intended to be a modest commu-
nication terminal, the mobile phone has unexpectedly
evolved to become an inseparable companion of
every people from businessmen, housewives to
youngsters or retirees. It has shown precious and irre-
placeable qualities like few other devices. It is useful
and enables the user to keep in touch with whomever
they want. It is loyal and follows its master wherever
they go. It is small, light and easy to use at the same
time as it is quite robust and endurable. It is also very
personal and allows its master to express himself as
jewellery. The mobile phones will continue to in-
crease in numbers. More people will have mobile
phones and each individual will have more mobile
phones. The mobile phone will have more functions
and play more roles such as personal data storage,
Personal Information Manager (PIM), MP3 player,
camera, portable storage, etc. The evolution of the
mobile phone will continue in terms of both function-
ality and form and probably also at a quicker pace. It
is quite difficult if not totally impossible to predict
what the mobile phone will look like in the future,
but it will surely come in numerous variants from the
attiring one to the invisible phone that is entirely inte-
grated in the surroundings.
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