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Cell Broadcast (CB) is a possible technical realisation of a global emergency alert system. It is a
technique used for sending short text messages to all mobile stations (MSs) in a defined geographical
area. An potential effect of using CB is the increase in battery consumption of the MS due to the fact
that an extra channel has to be used to make the service available even when the network is otherwise
congested. Another part of the service which leads to a potential problem is making CB messages
available in different languages. Investigating these problems is the objective of this thesis and the
studies it includes. 
During the first part of the thesis, we measured the battery consumption of MSs in different modes of
operation in order to analyse how CB affects the amount of current drained. The tests showed that
battery consumption increased only slightly when CB messages were being received at the MS.
Although some of the results can be, and are, discussed, we believe that CB would have a small effect
on the power consumption of an MS, particularly in a context where it would be used for emergency
warning messages only. This mentioned, it would however be wishful to confirm the conclusions further
through the realisation of long-term testing. 
The second part of the thesis deals with the investigation of the MSs� support for CB messages with
different coding schemes. Based on the investigation�s result, we have come to the conclusion that in the
long term the usage of different coding schemes on the same channel is preferred. However, the usage of
one, global, emergency channel is hard to realise since that requires a standardisation between all
countries. In our opinion this may be achieved first in the long run and until then, the usage of separate
channels seems to be necessary. 

Cell Broadcast, mobile communications systems, battery power consumption, global warning system,
coding schemes, GSM 7 bits, UCS2, language support investigation
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Summary 
Cell Broadcast (CB) is a possible technical realisation of a global emergency alert system. It 
is a technique used for sending short text messages to all mobile stations (MSs) in a defined 
geographical area. To receive CB messages, the owner of an MS has to turn on the reception 
of CB messages on the MS and set one or more channels to receive information from.  

An potential effect of using CB is the increase in battery consumption of the mobile station 
due to the fact that an extra channel will be used to make the service available even when the 
network is otherwise congested. Another part of the service which leads to a potential 
problem is how to make CB messages available in different languages. Investigating these 
problems is the objective of this thesis and the studies it includes.  

During the first part of the thesis, we measured the battery consumption of MSs in different 
modes of operation in order to analyse how CB affects the amount of current drained. The 
tests showed that battery consumption increased only slightly when CB messages were being 
received at the MS. Results also show that other activities at the MS have a larger effect on 
the current drain than CB has. Although some of the results can be, and are, discussed, we 
believe that CB would have a small effect on the power consumption of an MS, particularly in 
a context where it would be used for emergency warning messages only. Important to mention 
is that is it always possible to turn off CB on an MS when the reception of emergency 
messages is not desired. This mentioned, it would however be wishful to confirm the 
conclusions further through the realisation of long-term testing.    

The second part of the thesis deals with the investigation of the MSs’ support for CB 
messages with different coding schemes. The investigation’s purpose was to examine how the 
use of different languages could be implemented in a warning system based on CB. Based on 
the investigation’s result, we have come to the conclusion that in the long term the usage of 
different coding schemes on the same channel is preferred. However, the usage of one, global, 
emergency channel is hard to realise since that requires a standardisation between all 
countries. In our opinion this may be achieved first in the long run and until then, the usage of 
separate channels seems to be necessary.  

Concerning the use of only one emergency channel we have come to two different 
conclusions, one short term and one long term solution, for how the coding schemes should be 
used for CB. The short term solution is to use the coding schemes for languages which can be 
stated in binary and in addition always sent out messages with “language unspecified”. A 
drawback of this solution is that UCS2 coding will not be enabled. In the long term we think 
that the best solution is to state the language with a letter abbreviation since this makes all 
languages of the world available and also has support for UCS2. Also in this long term 
solution we suggest that one or more messages with language unspecified shall be sent out.  

 

 

 
 ii 

 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
 

Table of contents 
 
1 Introduction ........................................................................................................................ 1 

1.1 Background ................................................................................................................ 1 
1.1.1 Short description of Cell Broadcast ................................................................... 1 
1.1.2 Cell Broadcast as a Public Warning System ...................................................... 1 

1.2 Purpose ....................................................................................................................... 2 
1.3 Objectives................................................................................................................... 2 
1.4 Scope .......................................................................................................................... 2 
1.5 Method ....................................................................................................................... 2 
1.6 Outline........................................................................................................................ 2 

2 Overview of GSM .............................................................................................................. 4 
2.1 Cellular Structure ....................................................................................................... 4 
2.2 System architecture .................................................................................................... 4 
2.3 Signalling principles................................................................................................... 5 
2.4 The Radio Interface.................................................................................................... 5 

2.4.1 Frame structure................................................................................................... 6 
2.4.2 Physical channels ............................................................................................... 6 
2.4.3 Logical channels................................................................................................. 6 
2.4.4 Logical channel combinations............................................................................ 8 
2.4.5 Channel Coding.................................................................................................. 9 

3 Overview of the Cell Broadcast system ........................................................................... 10 
3.1 The architecture........................................................................................................ 10 

3.1.1 Cell Broadcast Entity ....................................................................................... 10 
3.1.2 Cell Broadcast Centre....................................................................................... 10 
3.1.3 Base Station Controller / Radio Network Controller ....................................... 11 
3.1.4 Base Transceiver Station / Node B .................................................................. 11 
3.1.5 Mobile Station .................................................................................................. 11 

3.2 Communication between CBC and BSC/RNC ........................................................ 11 
3.2.1 Commands from the CBC................................................................................ 11 
3.2.2 Other commands from BSC/RNC.................................................................... 12 

3.3 The Cell Broadcast message .................................................................................... 13 
3.3.1 CB messages in GSM....................................................................................... 13 

3.3.1.1 Serial Number .............................................................................................. 13 
3.3.1.2 Message Identifier ........................................................................................ 13 
3.3.1.3 Data Coding Scheme.................................................................................... 14 
3.3.1.4 Page Parameter............................................................................................. 15 
3.3.1.5 Message Content .......................................................................................... 15 

3.3.2 CB messages in UMTS .................................................................................... 15 
3.4 Communication between BSC/RNC and MS .......................................................... 15 

3.4.1 Sending the CB message .................................................................................. 15 
3.4.1.1 GSM ............................................................................................................. 15 
3.4.1.2 UMTS........................................................................................................... 16 

3.4.2 Cell Broadcast on the physical radio interface................................................. 16 
3.4.2.1 GSM ............................................................................................................. 16 
3.4.2.2 UMTS........................................................................................................... 16 

3.5 Scheduling................................................................................................................ 16 
3.5.1 Scheduling messages in GSM .......................................................................... 17 
3.5.2 Scheduling messages in UMTS........................................................................ 18 

 
 iii 

 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
 

4 Battery consumption measurements................................................................................. 19 
4.1 Theoretical calculation of battery consumption ....................................................... 19 

4.1.1 Idle mode without CB ...................................................................................... 19 
4.1.2 Idle mode with CB ........................................................................................... 20 

4.2 Measurements of battery consumption .................................................................... 21 
4.2.1 Preparations...................................................................................................... 21 
4.2.2 Method ............................................................................................................. 22 

4.2.2.1 Calculations.................................................................................................. 22 
4.2.2.2 Instrument Settings....................................................................................... 22 
4.2.2.3 Network Configuration ................................................................................ 23 

4.2.3 Error sources in the measurements................................................................... 23 
4.2.4 MSs used in the study....................................................................................... 24 
4.2.5 Test cases.......................................................................................................... 24 

4.2.5.1 Test case 1. Idle mode without listening to CB............................................ 24 
4.2.5.2 Test case 2. Idle mode while listening to CB............................................... 25 
4.2.5.3 Test case 3. The display of the MS is illuminated ....................................... 25 
4.2.5.4 Test case 4. A call in progress...................................................................... 25 
4.2.5.5 Test case 5. Other functions are activated.................................................... 25 

4.3 Results of battery consumption measurements ........................................................ 25 
4.3.1 Test case 1. Idle mode without listening to CB................................................ 25 
4.3.2 Test case 2. Idle mode while listening to CB................................................... 28 
4.3.3 Test case 3. The display of the MS is illuminated ........................................... 29 
4.3.4 Test case 4. A call in progress.......................................................................... 30 
4.3.5 Test case 5. Other functions activated.............................................................. 30 

5 Language support ............................................................................................................. 31 
5.1 Test equipment ......................................................................................................... 31 
5.2 Method ..................................................................................................................... 31 
5.3 Test cases.................................................................................................................. 32 
5.4 Results of language support ..................................................................................... 32 

5.4.1 MS setting “all languages”............................................................................... 33 
5.4.2 MS setting “only Swedish” .............................................................................. 33 

6 Discussion ........................................................................................................................ 35 
6.1 Battery consumption ................................................................................................ 35 

6.1.1 Effect of CB on battery consumption............................................................... 35 
6.1.2 The battery consumption in perspective........................................................... 38 

6.2 CB support................................................................................................................ 39 
6.2.1 CB settings at MSs ........................................................................................... 39 
6.2.2 Receiving CB messages ................................................................................... 39 
6.2.3 Support for different alphabet coding .............................................................. 40 

6.3 Language support ..................................................................................................... 40 
6.3.1 Language stated in binary ................................................................................ 41 
6.3.2 Language with letter abbreviation.................................................................... 41 
6.3.3 Separate channels for separate languages ........................................................ 42 
6.3.4 Comparison of the alternatives......................................................................... 43 

7 Conclusion........................................................................................................................ 45 
7.1 Battery consumption ................................................................................................ 45 
7.2 Language support ..................................................................................................... 46 

8 References ........................................................................................................................ 48 
Appendix A. Battery consumption measurements - test results............................................... 49 
Appendix B. Language support investigation test results ........................................................ 61 

 
 iv 

 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
 

Table of figures  
Figure 1. The GSM architecture (Lin et al. 2001) ................................................................. 4 
Figure 2. The Frame Structure in GSM. (Yacoub, 2002) ...................................................... 6 
Figure 3. Structure of the different logical channels in GSM................................................ 7 
Figure 4. Architecture of GSM and UMTS with CB ............................................................ 10 
Figure 5. CB message format in GSM (3GPP TS 23.041, 2006)......................................... 13 
Figure 6. CB message format in UMTS (3GPP TS 23.041, 2006) ...................................... 15 
Figure 7. Schedule message format in GSM (3GPP TS 23.038, 2006) ............................... 17 
Figure 8. Schedule message format in UMTS (3GPP TS 25.925, 2006) ............................. 18 
Figure 9. Connection diagram............................................................................................. 22 
Figure 10. Illustration obtained from the Sony Ericsson K700i with setting 1 during test 

case 1. Approximately 5 GSM frames during test case 1 in university testing 
environment. ..................................................................................................................... 26 

Figure 11. Illustration obtained from the Sony Ericsson K700i with setting 1 during test 
case 1. Approximately 5 GSM frames during test case 1 in Ericsson’s testing 
environment. ..................................................................................................................... 27 

Figure 12. Illustration obtained with the Sony Ericsson K700i with setting 3 in Ericsson’s 
testing environment without CB being sent...................................................................... 27 

Figure 13. Illustration obtained with the Sony Ericsson K700i with setting 3 in university 
testing environment without CB being sent...................................................................... 28 

Figure 14. Illustration obtained from the Sony Ericsson K700i with setting 1, during test 
case 2 in Ericsson’s testing environment. ........................................................................ 29 

Figure 15. Illustration obtained with the Sony Ericsson K700i with setting 3 in Ericsson’s 
testing environment, with CB messages received at the MS. ........................................... 29 

Figure 16. Current drain (in mA) for the Sony Ericsson K700i, categorised by activity. . 38 
 

 

 

 

 
 v 

 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
 

Glossary 
AGCH Access Grant Channel 

BCCH  Broadcast Control Channel 

BCH Broadcasting Channel 

BSC Base Station Controller 

BSS  Base Station Subsystem (in some literature even Base Station System) 

BTS Base Transceiver Station 

CB Cell Broadcast 

CBC Cell Broadcast Centre 

CBCH Cell Broadcast Channel 

CBE Cell Broadcast Entity 

CBSMS Cell Broadcast Short Message Service 

CCCH Common Control Channel 

CTCH Common Transport Channel 

CTCH-BS Common Transport Channel Block Set 

DCCH Dedicated Common Control Channel 

DL Downlink  

DRX Discontinuous reception 

FACCH Fast Associated Control Channel 

FACH Forward Access Channel 

FCCH Frequency Correction Channel 

GMSC Gateway Mobile Switching Centre 

GPRS General Packet Radio Service 

GS Geographical Scope  

GSM Global System for Mobile communication 

HLR Home Location Register 

LA Location Area 

MDT Message Description Type 

ME Mobile Equipment 

MS Mobile Station 

MSC Mobile Switching Centre 

NSS  Network and Switching Subsystem 

PCH Paging Channel 

PIN Personal Identification Number 

PLMN Public Land Mobile Network 

 
 vi 

 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
 

RACH Random Access Channel 

RNC Radio Network Controller 

S-CCPCH Secondary Common Control Physical Channel 

SCH Synchronisation Channel 

SDCCH  Standalone Dedicated Control Channel 

SIM Subscriber Identity Module 

SSN7 (SS7) Signalling System Number 7 

TCH Traffic Channel 

TTI  Transmission Time Interval 

UCS Universal Character Set 

UL Uplink 

UMTS Universal Mobile Telecommunications System 

VLR Visitor Location Register, Visiting Location Register, Virtual Location Register 

 
 vii 

 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
Introduction 

 

 

1 Introduction 

1.1 Background  
The need for a global emergency alert system has arisen following the global impact of recent 
catastrophic events, like the tsunami in the Indian Ocean in 2004 and the terror attack against 
the World Trade Centre in 2001. The international non-profit organisation Cellular 
Emergency Alert Systems Association, CEASA, wants to promote the development of such a 
system and have therefore initiated the project Cell@lert in order to find technical solutions 
for the implementation of this kind of system. Cell Broadcast (CB) is currently the most 
suitable technique for the realisation of the system which is why it is desirable to further 
analyse the opportunities and effects of this particular technology. ´ 

1.1.1 Short description of Cell Broadcast  
CB is a technique used for sending short text messages to all mobile stations in a defined 
geographical area. The technology is defined for use in both the Global System for Mobile 
Communications (GSM) and Universal Mobile Telecommunications System (UMTS), as well 
as in other mobile communication systems around the world, and can be used in geographical 
areas of variable sizes: from the entire Public Land Mobile Network (PLMN) to a single cell. 
The message can be sent once or repeated with an interval defined by the sender. To receive 
CB messages the owner of a MS has to turn on the reception of CB messages on the MS and 
set one or more channels to receive information from.  

1.1.2 Cell Broadcast as a Public Warning System  
Several techniques are currently used in public warning systems, such as sirens combined 
with radio and television broadcasts. This combination of techniques makes it possible to 
reach a large amount of people. It has however come to the attention of many that tourists 
might ignore the sirens and people on the move cannot be reached. It has therefore been 
suggested that the CB technology would be a suitable addition to current public warning 
systems.  

Opportunities 

As will be further explained in section 3, CB provides the option to send messages to those 
who have activated the CB functionality and set the channels they wish to listen to on their 
mobile devices. The many parameters that can be configured also give the opportunity to send 
messages in different languages and provide the option of adjusting the area to be warned thus 
optimising its contribution to a public warning system.    

Problems 
A possible drawback of using CB is the potential increase in battery consumption of the 
mobile station due to the fact that an extra channel will be used to make the service available 
even when the network is otherwise congested. Another part of the service which needs 
further consideration is how to, in the best possible way, make CB messages available in 
different languages.     

 1 
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1.2 Purpose 
The purpose of this report is to act as a platform for deeper analysis of CB as a global 
emergency alert system, particularly, the analysis of two main problem areas within the 
implementation of CB as a warning system: the effect of CB on battery consumption and the 
MSs’ support for CB messages sent with different language coding schemes. 

1.3 Objectives 
One of our objectives is to obtain measurements of battery consumption for different MSs, in 
different modes of operation, in order to analyse how CB affects battery consumption. 

Since CB emergency messages should preferably be transmitted in several languages, another 
objective is to examine how a warning system based on CB could implement the use of 
different languages.  

1.4 Scope 
Our investigations consider CB within GSM, with some limitations: We will only take into 
account situations where the MS is not in GPRS attached mode and, in chapter 2, we will only 
look at the features of the original 900MHz GSM system. The reason for the latter limitation 
is that the main difference between the more recent implementations of the GSM system and 
the 900MHz one is the size of the frequency interval used. Thus, the features of the system, 
which are our primary focus, do not vary. (Redl et al. 1995) 

Since our investigation focuses on CB in GSM, CB’s implementation in the UMTS system is 
only mentioned in order to point-out similarities and differences with the functionality of CB 
in GSM networks. The CDMA2000 and IS-95 systems which have implemented CB, but are 
not used in Europe, will not be part of the report’s scope.  

In order for the reader to better understand the CB technique, a short description of the GSM 
system is included. The GSM system description is focused on the Air-interface as it is the 
central part of the system, and the one of most interest in this thesis.   

In the investigations only the basic CB channel is used. 

1.5 Method 
This thesis began with a literature study about GSM and CB where the 3GPP’s specifications 
played an important role. With the specifications as a starting point we planned the test cases 
for the investigations and performed a theoretical study. The methods for the investigations 
are described in detail in the sections of current. The results of the investigation were then 
discussed and conclusions were made.  

1.6 Outline 
Chapter two contains a short description of the GSM system which has implemented CB. The 
theory mentioned here should help the reader to better understand the CB functionalities.   

Chapter three takes up the CB architecture and the communication between the entities of the 
CB system.  

Chapter four includes the battery consumption investigation, the method used for the 
measurements, the different test cases as well as their results.   
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Chapter five comprises the language support investigation. Also this chapter contains the 
method used during the investigation, the different test cases created and finally, the results 
obtained. 

Chapter six discusses the results obtained during the investigations named in chapters four 
and five. Unexpected results are addressed, and connection between different values is 
formed, leading to the conclusions of the following chapter.  

Chapter seven summarises the main arguments founded in chapter six and leads to the 
conclusions attained through the thesis. Suggestions of further work can also be found in this 
section.  
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2 Overview of GSM 
GSM was introduced when the need for compatibility between the different 1G systems arose 
back in the 1980s. It is now the most widely used standard for cellular communications. In 
order to better understand why the CB system has been deployed as it is, knowledge of one of 
its host systems is of considerable importance. (Kurose et al. 2005) 

2.1 Cellular Structure  
GSM uses a cellular structure, as does other mobile networks. This means that the available 
frequencies in the GSM system are divided into smaller frequency spectrums which are then 
assigned to Base Transceiver Stations (BTSs) (see section 2.2). These spectrums are reused 
between Base Station Subsystems (BSSs) (see section 2.2), through optimisation of the 
stations’ range. It is essential to avoid interference between the stations, which makes 
optimising their range a challenge. BTSs are grouped together into Location Areas (LAs) with 
the purpose of reducing the signalling load. (Heine 1999) 

2.2 System architecture 
As can be observed in the figure below, the GSM architecture consists primarily of a Mobile 
Station (MS), a Base Station Subsystem (BSS) and a Network and Switching Subsystem 
(NSS). (Lin et al. 2001) 

 

 

 

VLR 
HLR

MSC 

BSS BSS 

BSC 

BTS BTS 

NSS 

MS MS MS 

A Interface 

Air-
Interface 

Figure 1. The GSM architecture (Lin et al. 2001) 
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The MS consists of a Mobile Equipment (ME) and a Subscriber Identity Module (SIM). In 
order to use the ME, the user must first enter a PIN which protects the SIM. Once this is done, 
communication between the MS and the BSS can be established via the Radio Interface, 
which is further discussed in section 2.4. (Lin et al. 2001) 

To connect the MS with the NSS is the job of the BSS. It is composed of, in most cases, 
several BTSs as well as a Base Station Controller (BSC). The purpose of the BTS is to handle 
signalling between the MS and the BSS. It contains therefore all necessary signalling 
equipment to the radio interface. The configuration of the BTSs is the responsibility of the 
BSC. It is also the BSC’s responsibility to manage handoffs as well as allocation of the radio 
channel. (Lin et al. 2001) 

One of the NSS’s functions is to manage mobility (for example, handoffs), and take care of 
certain switching functions through the Mobile Switching Centre (MSC). Another function is 
to maintain the location of the MS, with the help of the Home Location Register (HLR) and 
the Visitor Location Register (VLR). (Lin et al. 2001) 

2.3 Signalling principles 
In order for the above-named components of the GSM architecture to communicate with each 
other, different interfaces are used. The interface used for communication between the MS 
and the BTS is the Air-interface. In order for the BTS and BSC to communicate with each 
other, the Abis-interface is used. Signalling on both of these interfaces is done with the 
Signalling System Number 7 (SSN7). (Heine, 1999 and Redl et al. 1995) 

2.4 The Radio Interface 
The radio interface, also referred to as the Air-interface, is used for the communication 
between the MS and the BSS. In GSM, a combination of FDMA and TDMA is used. Users of 
the GSM system are therefore sorted on different physical channels which are created based 
on FDMA. The users are then assigned a time slot on that channel, which is done according to 
TDMA principles. (Lin et al. 2001 and Redl et al. 1995) 

There are two frequency bands used on the radio link, one for downlink (BTS to MS), another 
for uplink (MS to BTS), each 25MHz wide and separated by 45 MHz. These two bands have 
to be further divided in duplex radio channels with a particular carrier spacing. In the GSM 
system, each frequency band consists of 125 pairs of channels with a carrier spacing of 200 
kHz. (Yacoub, 2002 and Redl et al. 1995 and Lin et al. 2001) 

The different types of channels GSM makes use of are discussed in sections 2.4.2 and 2.4.3. 
How each channel’s use is then organised is further discussed in the following section.    

 5 
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2.4.1 Frame structure 
The GSM frame has a length of 4.615ms in a frequency channel. Each frame is subsequently 
divided in 8 time slots (also referred to as bursts) which each last 0.577ms. (Lin et al. 2001) 

 
Figure 2. The Frame Structure in GSM. (Yacoub, 2002) 

As seen in figure 2, a slot holds 156 bits but only the middle 148 bits are used for transmitting 
data since it takes some time for the radio sender to adjust its transmission power. Everything 
sent has a burst format depending of the type of data. There are 5 existing burst formats: 
normal burst, synchronisation burst, access burst, frequency correction burst and dummy 
burst. The most common is the normal burst format which transmits 114 bits per slot. (Heine, 
1999) 

2.4.2 Physical channels 
A physical channel can be described in terms of frame and time slot. Each physical channel 
corresponds to one specific time slot, which recurs in every frame. Since every frame is 
composed of 8 slots (see figure 2), the number of physical channels is also 8. (Yacoub, 2002 
and Redl et al. 1995) 

2.4.3 Logical channels 
Different information is packaged in different logical channels. The two main categories of 
logical channels are traffic and signalling channels (see figure 3). Traffic channels are used 
for user data whereas signalling channels are primarily reserved for control information. The 
logical channels are organised in different combinations which are then mapped onto physical 
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channels. Which physical channel is used for mapping is less important than categorising the 
information in the right logical channel. Important to keep in mind is that to each logical 
channel combination, only one physical channel can be assigned. (Redl et al. 1995 and 
Yacoub. 2002 and 3GPP TS 05.02) 

 
Figure 3. Structure of the different logical channels in GSM  

Below follows a short description of the different logical channels that GSM makes use of.  
To begin with, we take a look at the traffic channel category.  

• Traffic Channel (TCH), is mainly used for transmitting speech data. There is two 
types of TCH, the TCH/full-rate (TCH/F) and the TCH/half-rate (TCH/H). The first 
uses a normal transmission rate for speech and is currently the most used type of TCH.  
The TCH/H’s purpose is to compress data so that the transmission rate is halved. This 
type of TCH is still not widely used. (Redl et al 1995) 

There are more signalling channels than traffic channels. They are divided in 3 main groups, 
broadcast channels, which are only used in downlink (DL), as well as common and dedicated 
control channels, which can both be used in uplink (UL) and DL.   
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Broadcast Channels (BCHs): 

• The Broadcast Control Channel (BCCH) lets the MS know the information it needs 
in order to identify, contact, and connect to the network. (Redl et al. 1995) 

• The Frequency Correction Channel (FCCH) is used to provide the MS with a 
“map” of the system’s frequencies, to be used for reference. (Redl et al. 1995) 

• The Synchronisation Channel (SCH) provides the MS with the information it needs 
in order to be able to demodulate the information the BSS transmits. (Redl et al. 1995) 

Common Control Channels (CCCHs): 

• The Random Access Channel (RACH) provides the MS with a way to request a 
dedicated channel. This is the only operation executed on the RACH, it is therefore 
only used in the UL direction. (Redl et al. 1995) 

• The Paging Channel (PCH) is used by the BSS to call the MSs in its cell. (Redl et al. 
1995) 

• The Access Grant Channel (AGCH) lets the MS know which dedicated channel it 
should use. The AGCH is in fact a reply to an MS’s RACH message. (Redl et al. 
1995) 

Dedicated Control Channels (DCCHs): 

• The Stand-Alone Dedicated Control Channel (SDCCH) is used for transfer of 
signalling information between the MS and the BSS (Redl et al 1995). In the DL 
direction, the mobile obtains update information. Some subslots of the SDCCH are 
even used by the Cell Broadcast Channel (CBCH) in DL, see section 3.3.4.1. (Redl et 
al. 1995) 

• The Slow Associated Control Channel (SACCH) is used in combination with the 
SDCCH or with a TCH. Its purpose is to maintain the link between the MS and the 
BSS. In the UL direction of this channel, the MS reports, amongst others, 
measurements which are later used in the handover process. (Redl et al. 1995) 

• The Fast Associated Control Channel (FACCH) uses a part of a TCH in order to 
handle tasks such as handovers. (Redl et al. 1995) 

2.4.4 Logical channel combinations 
The logical channels described in the above section are combined in 7 different manners. The 
2 main categories of logical channels (traffic and signalling) make use of different types of 
multiframes (recall from figure 2 that a multiframe can withhold 26 or 51 frames). The traffic 
channels use a 26-multiframe structure while the 51-multiframe structure is used by the 
signalling channels. (Redl et al 1995) 
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Combination 
Name 

Channels contained 

I TCH/FS + FACCH/FS + SACCH/FS 
II TCH/HS + FACCH/HS + SACCH/HS 
III TCH/HS(0) + FACCH/HS(0) + SACCH/HS(0) + TCH/HS(1) + 

FACCH/HS(1) + SACCH/HS(1) 
IV FCCH + SCH + CCCH + BCCH 
V FCCH + SCH + CCCH + BCCH + SDCCH/4 + SACCH/4 
VI CCCH + BCCH 
VII SDCCH/8 + SACCH/8 

Table 1. Channel Combinations in GSM. (Redl et al 1995) 

Combination IV is mostly used when a lot of traffic takes place on one of the CCCHs, and its 
frequency is used by a mobile in neighbouring cells in order to find out which cells it is close 
to. Combination IV and V exclude each other, i.e. they are not used together, since their 
contents are so similar (see the table above). The purpose of combination VI is to provide 
combination IV with supplementary control channels, as well as broadcast channels. 
Combination VII is also always used together with another combination, particularly, 
combination IV. It supplements it with channels that can manage call setup and registration 
(the SDCCH and SACCH). (Redl et al. 1995) 

2.4.5 Channel Coding  
Data transmitted over the Air-interface has to be protected from transmission errors. This is 
why data is channel coded. The issued coding varies for different types of data but the main 
idea is to add information to the actual data in order to allow the receiver to detect and 
sometimes correct errors. Signalling data in GSM is coded in two steps; first, 40 check bits 
and 4 tail bits are added to the original 184 bits of signalling data and then those 228 bits are 
convoluted into 456 bits. (Heine, 1999)  
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3 Overview of the Cell Broadcast system 
As mentioned in the introduction, CB is an existing technique defined for GSM and UMTS 
and used for sending short text messages to all MSs in a defined geographical area. The 
geographical area is the entire PLMN or parts thereof. The message can be sent one time or 
repeated with a sender defined interval. To receive CB messages the owner of an MS has to 
turn on the reception of CB messages on the MS and also set one or more channels to receive 
information from.   

3.1 The architecture 
CB is supported in several communication systems like GSM, UMTS, CDMA2000 and IS-
95. The focus of this thesis is CB in GSM with some comparison between CB in GSM and 
UMTS. GSM and UMTS have a very similar architecture which is shown in the illustration 
below. When two different components are mentioned and separated by a backslash, the first 
refers to the component’s name in GSM, the second denotes its UMTS equivalent.  

GMSC BSC/RNC BTS/Node B MSC MS 

CBC 

CBE CBE 

 
Figure 4. Architecture of GSM and UMTS with CB 

3.1.1 Cell Broadcast Entity 
The Cell Broadcast Entity (CBE) is the interface used by the content provider to send CB 
messages. The CBE can often be software installed at a computer where the content provider 
creates the message and defines the geographical area in which the message is to be sent. The 
CBE is also responsible for all message formatting. The complete message is then sent to the 
Cell Broadcast Centre (CBC). The connection between the CBE and the CBC is outside the 
scope of GSM specifications but since the CBE usually is a computer, the connection to the 
CBC is often achieved through the Internet. (3GPP TS 23.041, 2006) (Cell@lert Technical 
Overview, 2006) 

3.1.2 Cell Broadcast Centre 
Many CBEs can be connected to a CBC. Its mission is to coordinate all CB messages from 
the different CBEs. The CBC does so by allocating serial numbers, determining the time at 
which a message should be broadcasted, determining the repetition period and to which 
channel the message should be sent. The CBC then sends the CB message to the BSC/RNC. 
(3GPP TS 23.041, 2006) 
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3.1.3 Base Station Controller / Radio Network Controller 
A BSC/RNC is only connected to one CBC. The BSC/RNC interprets commands, described 
in section 3.2, that it receives from the CBC and sends responses back to it. In GSM the BSC 
schedules the CB messages on the cell broadcast channel, CBCH, and in UMTS the RNC 
schedules the CB messages on the CB related radio resources. If DRX-mode (scheduling) is 
available, the BSC/RNC can generate a schedule message with the transmissions. (3GPP TS 
23.041, 2006) 

3.1.4 Base Transceiver Station / Node B 
The mission of the BTS / Node B is to forward the CB message from the BSC/RNC to the 
MSs. There is a difference between its purpose in GSM and UMTS: in GSM the BTS conveys 
the BSC’s information over the radio path and is therefore able to generate CBCH Load 
Indication Messages. In UMTS, however, the CB is invisible to the Node B. (3GPP TS 
23.041, 2006) 

3.1.5 Mobile Station 
How the MS treats the CB messages differs between manufacturers and no standard is in use. 
The principle is that the user can choose whether to activate the reception of CB content or 
not and also choose which of the 1000 channels available to listen to. With most MSs the user 
also can choose in which languages he/she wants to receive CB messages. An MS has to be in 
idle mode to be able to receive CB messages. When a CB message of interest is received, the 
MS displays the content. (3GPP TS 23.041, 2006) 

3.2 Communication between CBC and BSC/RNC 
After the content provider has created a CB message and sent it to the CBC it is the CBC’s 
responsibility to control the broadcast via BSC/RNC. To control the broadcast the CBC uses 
certain commands for communicating with the BSC. All the commands contain different 
parameters which are either mandatory or optional. (3GPP TS 23.041, 2006) 

3.2.1 Commands from the CBC 

WRITE-REPLACE 
This command is used to create a new CB message and to replace an old CB message. 
Parameter Description
Message-Identifier The source and type of the message.  

See section 3.3.1.2 
Old-Serial-Number See section 3.3.1.1 
New-Serial-Number See section 3.3.1.1 
Cell-List Which cells the message shall be broadcasted in.  
Channel Indicator (GSM) Which channel (basic/extended) is used.  
Category The priority of the message 
Repetition-Period After which amount of time the message shall be 

repeated. 
No-of-Broadcasts-Requested The amount of repetitions. 
Number-of-Pages The amount of pages (GSM). See section 3.3.1. 
Data Coding Scheme Which coding and language are used.  

See section 3.3.1.3 
CBS-Message-Information-Page 1 The content of the CB message, see section 

3.3.1.5 
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CBS-Message-Information-Length 1 The number of octets in page 1 with user 
information. Octets with only padding are not 
included. 

:  
CBS-Message-Information-Page n  
CBS-Message-Information-Length n  

Table 2. The parameters in the WRITE-REPLACE-command (3GPP TS 23.041, 2006) 

The BSC/RNC responses with a REPORT-command containing the Message-Identifier and 
Serial-Number as parameters. The REPORT-command can also contain a list of all completed 
broadcasts for each cell, a list of failed broadcasts (if any) and an indication of which channel 
is used (GSM). (3GPP TS 23.041, 2006) 

KILL 
This command stops the broadcast of a CB message in the cells specified in the parameter 
Cell-List. The message is identified by the parameters Message-Identifier and Serial-Number. 
In GSM, the Channel Indicator is also included. The response to this command is a REPORT, 
just like the response to the WRITE-REPLACE-command. (3GPP TS 23.041, 2006) 

STATUS-LOAD-QUERY request/indication 
By sending a Cell-List and a Channel-Indicator, the CBC requests the current loading of the 
radio channel. The response is a STATUS-LOAD-QUERY response/confirm message 
containing a list of the radio resource loading for each cell and a list of failed broadcasts (if 
any). (3GPP TS 23.041, 2006) 

STATUS-MESSAGE-QUERY request/indication 
This command requests the status of a certain message in one or more cells. The response is a 
list where the number of completed broadcasts is specified for each cell. If any broadcasts 
failed, a list of failed broadcasts is also included. (3GPP TS 23.041, 2006) 

RESET 
This command is used to force one or more cells into CB idle state which means that all data 
in the lists are lost. The response is either a RESTART-INDICATION saying that CB in the 
cells is restarted, or a FAILURE-INDICATION saying the restart failed. Both RESTART-
INDICATION and FAILURE-INDICATION can be sent by the BSC/RNC without a request 
from the CBC first. (3GPP TS 23.041, 2006) 

SET-DRX 

This command specifies parameters for scheduling (DRX-mode). The command includes the 
schedule period and/or which slots are reserved. The response is a SET-DRX-REPORT which 
acts like a confirmation. (3GPP TS 23.041, 2006) 

3.2.2 Other commands from BSC/RNC 

REJECT 
If the BSC/RNC did not understand a command a REJECT is sent specifying which 
parameter or value was not understood. (3GPP TS 23.041, 2006) 
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CAPACITY-INDICATION 
This command indicated changes in available broadcast capacity for a cell. This command is 
only used in UMTS. (3GPP TS 23.041, 2006) 

3.3 The Cell Broadcast message 
There are two types of CB messages: messages containing information to the user and 
scheduling messages. The scheduling messages are optional in GSM but required in UMTS 
and described further in section 3.5. The CB messages are created in the BTS/RNC and are 
based on the information in the commands from the CBC. (3GPP TS 23.041, 2006) 

3.3.1 CB messages in GSM 
A message consists of 1 to 15 pages and every page is a fixed block of 88 octets. The first 6 
octets are reserved for the header which leaves 82 octets for information. An octet is 8 bits 
and since the coding takes up 7 bits/symbol, 82 octets results in 93 characters. If the data does 
not fill the 88 octets, the message is padded with zeros. (3GPP TS 23.038, 2006 and 3GPP TS 
23.041, 2006) 
Octet Bits 

 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
1-2 Serial Number 
3-4 Message Identifier 
5-6 Data Coding Scheme Page Parameter 

7-88 Message Content 

Figure 5. CB message format in GSM (3GPP TS 23.041, 2006) 

3.3.1.1 Serial Number 
The Serial Number identifies a particular CB message belonging to a certain Message 
Identifier and containing 16 bits. The first two bits denote the geographical scope (GS) and 
display mode, the following ten bits are used for the message code and the last four bits refer 
to the update number. (3GPP TS 23.041, 2006) 

The GS bits can represent four different GSs: cell wide immediate display (00), PLMN wide 
(01), Location Area wide (GSM) / Service Area wide (UMTS) (10) and cell wide normal 
display (11). For the GS cell wide immediate display, the CB message is shown immediately. 
For the other GS types, the CB message is only shown when the user wants to see it. (3GPP 
TS 23.041, 2006) 

The message codes are allocated by the PLMN operators. Their aim is to separate CB 
messages who have the same source and type. The update number differentiates between 
newer and older versions of a CB message, i.e. a change of the message content but the same 
message identifier, GS and message code. (3GPP TS 23.041, 2006) 

3.3.1.2 Message Identifier 
The Message Identifier indicated the source and type of the CB message. Since its length is 16 
bits, there are about 65 500 available message types. The first 1000 types are available and 
can be tuned in at the MS for optional reception. The remaining message types are reserved 
for other functions and/or for future use. The operators inform the end users about which CB 
services available with the help of an index which connects different topics to a unique 
message identifier. (3GPP TS 23.041, 2006) 
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3.3.1.3 Data Coding Scheme 
The parameter Data Coding Scheme is 8 bits long and its purpose is to state the alphabet, 
language and coding compression used as well as the message class. There are two types of 
alphabet coding which are applied in CB messages: GSM 7 bit default alphabet and UCS2 16 
bit alphabet. The language can be determined by either a 4 bit code part or through the first 
two characters in the message, which is, according to ISO 639, a standard for language 
abbreviations. CB messages can be compressed and if that is the case, it is indicated in this 
parameter. It is also possible to indicate which message class the message belongs to, that is 
how the message shall be treated by the MS. (3GPP TS 23.038, 2006) 
Coding Group, bits 7 – 4 Use of bits 3 – 0 
0000 
 
Languages using the GSM 7 bit default 
alphabet 

0000  
0001  
0010 
0011  
0100  
0101  
0110  
0111  
1000  
1001  
1010  
1011  
1100  
1101  
1110  
1111  

German 
English 
Italian 
French 
Spanish 
Dutch 
Swedish 
Danish 
Portuguese 
Finnish 
Norwegian 
Greek 
Turkish 
Hungarian 
Polish 
Language unspecified 

0001 
 
Language declared with the first two 
characters in the message according to 
ISO 639 

0000 
 
0001 
 
0010-
1111  

GSM 7 bit default alphabet 
 
UCS2 16 bit alphabet 
 
Reserved 

0010 
 
Languages using the GSM 7 bit default 
alphabet 

0000 
0001 
0010 
0011 
0100 
 
0101-
1111 

Czech 
Hebrew 
Arabic 
Russian 
Icelandic 
 
Reserved for other languages with 
unspecified handling at the MS 

0011 0000-
1111 

Reserved for other languages with 
unspecified handling at the MS 

01xx 
 
Bit 5 indicates if the text is compressed (1) 
or uncompressed (0). 
 
Bit 4 indicates if bits 1 to 0 is reserved (0) 
or have a class meaning (1). 

Bit 1 – 0 indicates the message class 
 
Bit 2 – 3 indicates the alphabet/coding used: 
Bit3  Bit2     Character set: 
0        0         GSM 7 bit default alphabet 
0        1         8 bit data 
1        0         UCS2 
1        1         Reserved  

1000 Reserved coding groups 
1001 
 

Bit 1 – 0 indicates the message class 
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Message with User Data Header structure Bit 3 – 2 indicates the alphabet used, as above 
1010 – 1101  Reserved coding groups 
1110 Defined by WAP Forum 
1111 
 
Data coding / message handling 

Bit 3 is reserved, set to 0 
 
Bit 2 indicates the coding, 0 = GSM 7 bit 
default, 1 = 8 bit data 
 
Bit 1 – 0 indicates the message class 

Table 3. Language and alphabet coding (3GPP TS 23.038, 2006) 

3.3.1.4 Page Parameter 
The 8 bits Page Parameter is divided into two parts where the first 4 bits stand for the total 
number of pages in the message and the following 4 bits designates the current page of the CB 
message. (3GPP TS 23.041, 2006) 

3.3.1.5 Message Content 
This is the actual message content. It is also a copy of the information in the “CBS-Message-
Information-Page”-parameter to the WRITE-REPLACE command described in section 3.2.1. 
(3GPP TS 23.041, 2006) 

3.3.2 CB messages in UMTS 
Unlike in GSM the CB message in UMTS is not made up of pages, just of one block of octets, 
which does not have a fixed size. That means the CB message only needs one header, 
resulting in less bytes to transfer. (3GPP TS 23.041, 2006) 
Octet Bits 

 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
1-2 Message Type Message ID 
3-4 Message ID Serial Number 
5-6 Serial Number Data Coding Scheme  
7- Message Content 

Figure 6. CB message format in UMTS (3GPP TS 23.041, 2006) 

The Message Type indicates if the message is a CB message or a schedule message. The 
Message ID, Serial Number and Data Coding Scheme are identical to the Message Identifier, 
Serial Number and Data Coding Scheme in the CB message format for GSM. (3GPP TS 
23.041, 2006) 

3.4 Communication between BSC/RNC and MS 

3.4.1 Sending the CB message 

3.4.1.1 GSM 
The fixed block of 88 octets per page is divided into a sequence of four smaller blocks of 22 
octets per page which are transferred over the air to the MS. The division takes place at either 
the BSC or at the BTS. If the division takes place at the BSC every page of the CB message is 
sent with four SMS BROADCAST REQUESTs which the BTS forwards to the MS. If the 
division takes place at the BTS the BSC sends the message with one SMS BROADCAST 
COMMAND and then the BTS splits the message into four parts. (3GPP TS 23.041, 2006) 
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3.4.1.2 UMTS 
In UMTS, the Node B is not concerned with the CB message, it just forwards it. The RNC 
sends the CB message with one SMS BROADCAST COMMAND, just as in GSM. (3GPP 
TS 23.041, 2006) 

3.4.2 Cell Broadcast on the physical radio interface 

3.4.2.1 GSM 
CB messages can be broadcasted on two different CB channels, the basic channel and the 
extended channel. An MS always reads the basic channel while reading the extended channel 
is optional, both for the MS and for the network. (3GPP TS 23.041, 2006) 

In GSM, CB makes use of the logical Cell Broadcast Channel (CBCH), which is mapped on 
the Standalone Dedicated Control Channel (SDCCH), described in section 2.1.4.3. For CB to 
work, the Broadcast Control Channel (BCCH) must support it. The reason is that the BCCH 
supplies the necessary instructions for the MSs to receive a CB message, for example, 
information regarding on which channel and when the MS can expect to receive CB content. 
(Redl et al 1995) 

The CBCH is only transmitted in the DL direction and uses one of the subslots in SDCCH 
which means that the CBCH gets four slots in every multiframe. Every page in the CB 
message is sent in four blocks of 22 octets plus a header of 1 octet which corresponds to 184 
bits. Those bits are then coded into 456 bits which are interleaved into 4 slots. The CBCH 
uses 8 multiframes, approximately 1.883s, to transmit one of the message’s pages. That is 
because half the CBCH is used for the basic channel, and the other half for the extended 
channel. (Redl et al 1995 and 3GPP TS 23.041, 2006 and 3GPP TS 05.02, 2006) 

3.4.2.2 UMTS 
In UMTS the logical channel for CB is the Common Transport Channel, CTCH, which is 
mapped on the transport channel Forward Access Channel, FACH. FACH on the other hand 
is mapped onto the Secondary Common Control Physical Channel, S-CCPCH. CB is only 
transmitted in the DL direction, which implies that for CB to work, the Broadcasting Channel 
(BCH) must provide the necessary instructions to the MS. (3GPP TS 25.925, 2004) 

Since there are no timeslots in UMTS, a Transmission Time Interval, TTI, is used to indicate 
in which of the S-CCPCH’s radio frame the FACH (and CTCH) are transmitted. To schedule 
the CTCH onto the FACH is called Level 1 scheduling. A GSM time slot’s equivalent is, in 
UMTS, called a Block Set, further referred to as a CTCH-BS. The capacity of CB in UMTS is 
higher but the minimum repetition rate between two CB messages is still 1.883s. (3GPP TS 
25.925, 2004 and 3GPP TS 23.041, 2006) 

3.5 Scheduling 
Upon reception of a CB message, when no scheduling is used, the MS reads the header and 
then decides if the message is of any interest. This technique reduces the battery usage since 
the MS only has to receive the first block of the four if the message is of no interest. It is also 
possible for the network to broadcast scheduling messages which provide a schedule of when 
different CB messages will be sent in a cell. This is done in DRX-mode. In that mode, the MS 
only has to listen to the network when a message of interest is about to be sent which reduces 
the battery usage even more. (3GPP TS 23.038, 2006) 

The time needed to broadcast a schedule message is called the schedule period.  A new 
schedule message should be broadcasted directly after the end of a schedule period. The 
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schedule message contains a message description for each of the period’s CB messages as 
well as the order of those messages. A high-priority CB message can override the schedule 
and be transmitted. If the schedule is deviated a new schedule message has to be sent by the 
network. (3GPP TS 23.038, 2006) 

3.5.1 Scheduling messages in GSM 
Just like the CB message in GSM the scheduling message contains of 88 octets.  
Octet Bits 
 7 6 5 4 3 2 1 0 
1 Type Begin Slot Number 
2 0 0 End Slot Number 
3-8 New CBSMS Message Bitmap 
9 New CBSMS Message Description 1 
 : 
 New CBSMS Message Description n 
 Other Message Description 1 
 : 
-88 Other Message Description n 

Figure 7. Schedule message format in GSM (3GPP TS 23.038, 2006) 

The parameter Type is not in actual use and is always set to zeros since the MSs are 
programmed to ignore all other types. (3GPP TS 23.038, 2006) 

The Begin Slot Number is the number of the slot following the schedule message and the slot 
where the first CB message can be sent. In the same way, the End Slot Number is the number 
of the last slot in the schedule period. As both Slot Numbers contain 6 bits there are 6 × 8 = 
48 available slots in a schedule period. A schedule period should not contain more than 40 CB 
messages since there it is only 80 octets left after the header and with two octets per 
description, 40 is then the maximum possible number of messages that can be sent. (3GPP TS 
23.038, 2006 and 3GPP TS 23.041, 2006) 

The New CBSMS Message Bitmap is a 6 × 8 matrix where all new messages are indicated 
with ones and the position in the matrix is the slot where the message is to be sent. A message 
is regarded as “new” of several different reasons: if it was not sent during the previous 
scheduling period (but the message can still been sent before), if it was sent unscheduled 
during the last period or if it is indicated as “reading advised”. (3GPP TS 23.038, 2006) 

New CBSMS Message Description is a description of all messages indicated as “new” in the 
bitmap. Every description is one or two octets long. The order of the message descriptions is 
ascending where the nth message descriptions belongs to the message in the nth position of the 
bitmap with a “one”. After all New CBSMS Message Descriptions follows the Other Message 
Descriptions. It works in the same way as the New CBSMS Message Description, but regards 
the messages marked as “old”. (3GPP TS 23.038, 2006) 

There are four different possible encoding formats for the message description. These coding 
formats are given in a field in the very beginning of the message description which is called 
Message Description Type (MDT) and is of variable length. (3GPP TS 23.038, 2006) 

• First transmission 
When a CB message is regarded as “new” the MTD is “1”. 

• Retransmission 
The CB message is repeated in the schedule period. MTD “0 0”. 
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• Free message slot, optional reading 
A slot without description. MTD “0 1 0 0 0 0 0 0”. 

• Free message slot, reading advised  
A slot without description but reading advised. MTD “0 1 0 0 0 0 0 1”. 

Scheduling is done independently for the basic and the extended CB channel. (3GPP TS 
23.041, 2006) 

3.5.2 Scheduling messages in UMTS 
The scheduling in UMTS differs to scheduling in GSM since UMTS uses scheduling in 
different layers. The Level 1 scheduling is described in section 3.4.2.2. This part of the 
scheduling is called Level 2 scheduling. The scheduling messages used here are similar to 
those in GSM. (3GPP TS 25.925, 2004) 
Octet Bits 
 7 6 5 4 3 2 1 0 
1 Message Type 
2 Offset to Begin CTCH-BS Index 
3 Length of CBS Scheduling Period, m 
4-m New Message Bitmap 
m-n Message Description 1 
 : 
 Message Description n 

Figure 8. Schedule message format in UMTS (3GPP TS 25.925, 2006) 

The Message Type is the same parameter as in the CB message for GSM and indicates here a 
“Scheduling Message”. The Offset to Begin CTCH-BS Index tells in which CBCH-BS the 
scheduling period starts and the Length of CBS Scheduling Period tells how many CBCH-BS 
there are in the scheduling period. As all parameters contain one octet there are 256 available 
CBCH-BS in a schedule period. The Message Bitmap and Message Descriptions are very 
similar to those used for the GSM scheduling messages. (3GPP TS 25.925, 2004) 
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4 Battery consumption measurements 
As mentioned in the introduction one drawback of using CB is the potential increase in the 
MSs’ battery consumption. This increase would be caused by the MS’s extra usage of its 
radio receiver, i.e. to listen to the CBCH. In order to investigate the impact of this added 
channel, we have done measurements of battery usage for different mobile phones in various 
situations. Theoretical calculations of the increased battery consumption were carried out for 
comparison purposes. 

4.1 Theoretical calculation of battery consumption 
Just as described in section 2, has the MS to listen to certain channels in idle mode. These 
channels appear in time slots at certain intervals which the MS is aware of. It is only during 
those slots that the MS has its radio receiver turned on, that is to say; the MS “listens”. If CB 
is activated the MS has to turn its radio receiver on more often which will affect the power 
consumption. In order to investigate how CB affects the power consumption it is possible to 
theoretically compare how much more the MS has to use its radio receiver when CB is 
activated than when it is not. A factor which also has an effect on battery consumption is the 
actual processing of the received CB messages. This is not taken into consideration in the 
following calculations since it is difficult to obtain exact values on how much current is used 
during processing only.    

4.1.1 Idle mode without CB  
Based on Redl et al (1995) we have come to the conclusion that the MS listens to three 
different channels in idle mode: the Paging Channel (PCH), the Broadcast Control Channel 
(BCCH) and the Frequency Correction Channel (FCCH). As described in section 2.1.4.4 there 
are different signalling channel combinations for different frame structures. The PCH, BCCH, 
FCCH all occur in the same channel combinations, that is to say, combination IV and V. 
According to Redl et al (1995), the FCCH occurs in five time slots per 51-multiframe and we 
assume that the MS uses all five for synchronising its clock. The BCCH occurs in the same 
51-multiframe but with four time slots. The PCH is often grouped together with the other 
common control channels (CCCH) and presence of the PCH can therefore vary. According to 
Battery Life Measurement Technique (GSM Association, 2007) the presence of PCH can be 
assumed to be once every fifth 51-multiframe. To summarise, in idle mode, the MS has to 
listen to a total of 9 time slots every 51-multiframe plus one extra timeslot every fifth 51-
multiframe. A combination of signalling channels occupies one time slot in every frame, 
while other combinations are assigned to the remaining seven time slots. In this theoretical 
approach we only consider the time during which the MS listens. This implies that what the 
MS does during the remaining time slots is ignored. The 51-multiframe therefore contains of 
51 × 8 (= 408) time slots where 51 slots is used by the signalling channel combination of 
current interest, and the other slots are reserved for either idle or other functions at the MS. In 
order to consider all the channels it is easiest to take five 51-multiframes time periods into 
account which gives a total number of 5 × 408 (= 2040) time slots. During those five 51-
multiframes the MS listens to 5 × 9 + 1 (= 46) slots if CB is not activated. These 46 time slots 
correspond to approximately 2.25 % of the total 2040 slots. These numbers are of interest, 
particularly in the following section, where they are used to calculate the increase, in 
percentage, of the number of time slots which the MS has to listen to.    
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4.1.2 Idle mode with CB 
When CB is used the MS also has to listen to the CBCH, which uses a part of the SDCCH. 
According to Redl et al (1995), the CBCH occurs in four time slots every 51-multiframe. As 
described in section 3.4.1.2 the CB message is divided into four blocks which are transmitted 
over four slots each. Since the CBCH idle half the time every block requires a period of 2 
multiframes, where only one of the multiframe’s 4 CBCH slots are used.  

Depending on whether or not the message sent is of interest for the MS, the number of the 
CBCH’s slots it needs to listen to varies. Here follows calculations of the increase in time 
slots listened to, organised in different cases.  

• CB is activated on the MS but the BCCH does not provide instructions on when 
the MS should listen for messages. In this case, the reception of CB messages on the 
MS is activated, but the network itself doesn’t have the option turned on. The MS 
works just like in normal idle mode and with that, there is no change in the amount of 
time slots it listens to, hence the percentage is unchanged (Redl et al, 1995). 

• CB is activated on the MS but no messages are sent to it. In this case, the MS 
knows which of the CBCH’s time slots it need to listen to, i.e. the one containing the 
header. It turns on its radio receiver when it knows it needs to and turns it off 
otherwise and when it realises that nothing is being sent. The MS behaves in this way 
when listening to other channels, for example, the PCH (Redl et al, 1995). 

• When CB is activated on the MS but the messages sent are of no interest to the 
MS, it will only read the first block of every message (3GPP TS 23.041, 2006). In this 
case, we consider a scenario where CB messages are constantly sent (but not received 
entirely) with a repetition period of 1.883s and without scheduling. This scenario is the 
most realistic in the context of emergency messages since MSs, after receiving a 
message should ignore the following one, if they are identical. Indeed, it is unlikely 
that many catastrophic events would take place one after the other, leading to new CB 
messages for each event, and causing the MS to receive all 4 blocks of a CB message 
every 1.883s.  
 
Over a time period of eight 51-multiframes, the MS will, in this case, read the first 
four slots and than ignores the rest. As for idle mode without CB, the percentage of 
time slots during which the MS listens to the CBCH can be calculated. Eight 51-
muliframes equals 8 × 408 (= 3264) slots. The MS listens to 4 slots of those, which 
corresponds to 0.12% of the period’s slots. Taking into consideration the percentage of 
time slots which are always listened to in idle mode (see section 4.1.1), the total 
percentage of time slots listened to in this case is 2.25 + 0.12 = 2.37%. This is an 
increase of 0.12 / 2.25 = 5.4 % from idle mode when CB is not activated.  

• When CB is activated on the MS and the messages are of interest to the MS the 
MS reads the messages completely, i.e. it receives all 4 blocks of a message. This case 
is less relevant for emergency communication but is nevertheless interesting for 
comparison to CB usage in a commercial context.  
 
In this case, the MS has to listen four slots every other 51-multiframe during a period 
of eight 51-multiframes, assuming CB messages are sent constantly, with a repetition 
period of 1.883s, and received completely. The percentage of time slots during which 
the MS listens to the CBCH can, here also, be calculated. For one block to be 
received, a period of two 51-muliframes is available, which is equal to 2 × 408 slots, a 
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total of 816 slots. If the MS listens to 4 of those, they correspond to 0.5% of the slots. 
The total percentage of time slots listened to is then 2.25 + 0.5 = 2.75%, an increase of 
0.5 / 2.25 = 22.2 %. Take into consideration that this percent is only valid for the 
period during which the MS actually receives a CB message.  

• When CB is activated on the MS and scheduling is used the MS reads the whole 
scheduling message, and then the CB messages of interest. In this case is it hard to 
calculate how many more time slots the MS needs to listen to since, before being able 
to receive a CB message, the MS first has to obtain a scheduling message from the 
CBCH. A new scheduling message is sent to the MS when it changes geographical 
location. A whole scheduling period consists of 40 CB-message slots, i.e. 40 × 1.883 
seconds (approximately equal to 75 seconds). Hence, assuming CB is turned on 
precisely after a scheduling message was sent, there will be a delay of 75 seconds 
before the MS receives the next scheduling message with information about which CB 
messages it should receive entirely. During this delay, the MS receives the first block 
of every CB message sent. This, combined with the fact that geographical 
displacement can lead to even more delay, makes it hard to calculate exactly how 
many time slots the MS listens to in this particular case.  
 
In order to calculate this, some assumptions are made: the user is interested in the CB 
service only for emergency purposes; a scheduling period of 32 messages is used 
whereof one of those 32 has “reading advised”, which means that the MS has to listen 
in that time slot. In addition to the 32 messages the schedule message is sent which 
gives a total of 33 CB messages. In this time period the MS uses 4 slots to receive the 
entire schedule message and 1 slot to listen to the “reading advised” slot. In total there 
are 33 × 8 × 408 (= 107 712) slots in the time period of a schedule period. The 5 slots 
the MS listen/receiving corresponds to 4.64 × 10-7 % of the total amount of slots. The 
total percentage of time slots listened to is then just above 2.25% which means no 
significant increase. 

4.2 Measurements of battery consumption  
The aim of this study was to measure how CB affects the MS’s power consumption and to put 
our results in perspective by also measuring the current drained for different activities at the 
MS, particularly under extreme cases. This will be further explained in section 4.2.7 which 
covers test cases. The measurement method and type of instrument, as well as preparation 
process, was discussed with and decided after consultation with Amir Baranzahi (Senior 
Lecturer in Solid State Electronics & Director of Studies in Physics & Electronics) at the 
University of Linköping. 

Tests were carried out in different environments, both in university testing environment and in 
the testing environment of Ericsson’s Technical Lab. Ericsson’s lab offered the possibly to 
configure a GSM network in such a way that CB messages could be sent out to the MSs 
which were in the proximity of the BTS present in the lab.  

4.2.1 Preparations 
To be able to do these measurements, electrical wires as well as banana jacks have been 
soldered to both the MSs and their corresponding batteries. Most often the number of 
necessary solderings has been three, for both the MSs and their batteries. These two are then 
connected together with cables. In one of the connections (the red one on figure 9), a resistor 
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of 0.05 Ω was attached (illustrated as the green component on figure 9). An oscilloscope was 
then connected parallel to the cables attached to the resistor, according to figure 9.   

      Oscilloscope 

Battery  
 

M 
S 

 
Figure 9. Connection diagram.  

4.2.2 Method 
This chapter is used to describe both how the calculations have been made and what 
instrument settings were necessary, depending on the test case.  

4.2.2.1 Calculations 
To calculate the MS’s current drain, the voltage over the resistor was measured as a function 
of time, and with the help of Ohm’s Law, the current was calculated. The instrument used to 
measure the voltage was an oscilloscope, more specifically, the Agilent 54622 D (with a 
frequency of 100MHz and sampling speed of 200 MSA/s). This type of oscilloscope can be 
connected to a computer, and return sampled values in a table which is automatically created 
in Microsoft Word. Values can also be inserted in a spreadsheet in Microsoft Excel.   
In this investigation, the values were imported directly into Excel in order to calculate, for 
every test case and measurement, an average value of the samples as well as a minimum value 
and maximum value. These values were then used in order to obtain the standard deviation 
from which we can calculate a confidence interval for the measurements.  

4.2.2.2 Instrument Settings  
Three different settings have been used during the study. Each setting is explained below.   

Setting 1 

In order to best see on the screen of the instrument how the MS behaves out of a voltage/time 
unit perspective, the oscilloscope’s built in average function was set to 2. The reason is that 
this setting gives the best graphical illustration of the voltage peaks. The instrument’s x-axis 
was set to a time unit of 2 ms/square as a GSM frame can best been observed under that time 
period. Average values are not calculated from measurements done with this setting. 
Measurements are done with the only purpose of illustrating the MSs’ voltage peaks and 
support other measurements.    

Setting 2 
Another setting was needed to best investigate as much of a whole 51-multiframe as possible 
during a single time period. Considering the length of a 51-multiframe, the instrument’s x-
axis was set to a time unit of 20 ms/square. Another goal of using this setting is to let the 
instrument itself calculate the average voltage during the time period that corresponds to a 51-
multiframe. Pre-testing has shown that too high value of the “average” setting leads to delays 
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caused by the instrument’s processor. It was also noticed during pre-testing that 
measurements are not affected considerably by a higher “average” value than 64, which is 
why we have chosen that particular setting. Average values have only been calculated from 
measurements done with this setting. 

Setting 3 
In order to investigate how the reception of CB messages affect the MS’s power consumption 
during a longer period of time, a third setting was used where the instrument’s x-axis was set 
to a time unit of 5s/square. The main idea behind using this setting was to obtain a graphical 
representation of the MS’s behaviour with CB activated and deactivated, during a relatively 
longer period of time. The “average” option was therefore set to 2, as a low “average” value 
leads to, as mentioned for setting 1, the best graphical illustration achievable through the 
instrument. This setting was mainly used for qualitative comparison to results obtained with 
setting 2.   

4.2.2.3 Network Configuration 
According to the network log files which were obtained during the tests at Ericsson’s 
technical lab, their network is configured as a GSM 1800 system. The channel used for 
sending CB messages used either the following combination SDCCH/8 + SACCH/C8 or the 
CBCH (SDCCH/8). There was one basic physical channel used for CCCH, which was not 
combined with SDCCHs. The log files indicate different parameters for the BBCH and 
RACH. No explicit information about the FCCH could be identified in the log files. It is 
however mentioned that some system information messages (16, 17, 7 and 8) were not being 
sent. It is possible that information about the FCCH was mentioned in those messages.  

4.2.3 Error sources in the measurements 
One source of error is the variance of the resistor itself. The given variance is of 1% but in 
practice, the variance can vary depending on the connection surface due to the oxide present 
on metal surfaces. This is more noticeable in such a small resistance as the one used in the 
study. For all measurements, a variance of 5 × 10-4 Ω is therefore expected. 

It came to attention during pre-testing that the Agilent 54622 D has, in our testing 
environment a built-in offset, i.e. it shows a values below zero when no voltage passes 
through. An average of this deviation was calculated through 10 measurements of 500 
samples each. The obtained average deviation was of -0.35 mV. This value was therefore 
used as a constant added to every sample taken through the Agilent 54622 D. 

Other system error sources were taken into consideration through, as mentioned in section 
4.2.3, calculating an average, a minimum and maximum value, as well as the variance in the 
measurements. The standard deviation is obtained through taking the square root of the 
variance. This can be calculated with the help of the following formula: 

Var(X)= (x1- µ)2p(x1) + (x2 - µ)2p(x2) +…+ (xn - µ)2p(xn) 

There is however built-in functions in Microsoft Excel for this purpose which were used to 
obtain the values which are found in both the appendix and the result section. 
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4.2.4 MSs used in the study 
An important aspect of this study is to test different manufacturers of MSs since the current 
drain is expected to vary between different MSs and their respective batteries. Testing MSs 
from various manufacturers therefore leads to the most reliable results. The following MSs 
were used in the experiments: 

• Sony Ericsson K700i 

• Ericsson T28  

• Nokia NGage 

The MS which was most tested was the Sony Ericsson K700i. Of the three mentioned above, 
it is the one most representative of MSs currently available on the market since it is relatively 
new and considered a popular product. It also led to the results least affected by random noise, 
which distorts the voltage peaks’ graphical representation on the oscilloscope’s screen. 
Keeping in mind the limited time available at Ericsson’s labs in Katrineholm, tests were 
focused on 2 other MSs: the Nokia NGage as well as the Ericsson T28. Some testing was tried 
out on a Nokia 6210. It was later realised that this MS does not handle the reception of CB 
messages properly. It was therefore excluded from the investigation. 

4.2.5 Test cases 
The following chapter describes the test cases that were created. More specific information 
about how measurements were carried out for each case can be found below their respective 
heading.  

4.2.5.1 Test case 1. Idle mode without listening to CB 
The measurements for this test case were carried out in two separate testing environments. 
They were firstly carried out at Ericsson’s Technical Lab in Katrineholm, Sweden where 5 
measurements of 500 samples each for the Nokia NGage as well as the Ericsson T28, were 
carried out with setting 2. Since the Sony Ericsson K700i was, as mentioned in section 4.2.4, 
of particular interest, we did 15 measurements of 500 samples for that specific MS, again 
here, with setting 2. The averages in the result are therefore calculated from the amount of 
samples mentioned here.  

Setting 3 was used with the Sony Ericsson K700i in order to obtain two graphical 
representations of the voltage peaks, each during a period of 50s, when the MS doesn’t listen 
to CB. 

Still at Ericsson’s Technical Lab, setting 1 was used with the Sony Ericsson K700i in order to 
obtain graphical representation of MS’s behaviour during the time period of one 51-
multiframe. Five illustrations were obtained.  

Measurements were also done in the testing environment of the University of Linköping, 
campus Norrköping. Those measurements were done with the same MSs and the same 
instrument that were used at Ericsson’s Technical Lab in Katrineholm. The same amount of 
measurements was carried out, also with 500 samples for setting 2. Also in this environment 
setting 1 was used to obtain 5 illustrations of the MS’s behaviour during the time period of 
one 51-multiframe where the MS does not listen to CB. Setting 3 was also used, in the same 
way as it was at Ericsson’s technical lab.  
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4.2.5.2 Test case 2. Idle mode while listening to CB 
The measurements done within this test case were only carried out at Ericsson’s Technical 
Lab in Katrineholm. The configuration in Ericsson’s Technical Lab was such that CB 
messages were sent one after the other and received. For setting 2, the number of samples and 
measurements done in this case, are identical to those carried out in test case 1, and for the 
same MSs. 

Also in this case, setting 3 was used with the Sony Ericsson K700i in order to obtain graphical 
illustration of the voltage peaks, during the same time period as in test case 1, when the MS 
listens to CB. 

Setting 1 was also used with the Sony Ericsson K700i to obtain, as in test case 1, 5 
illustrations of the voltage at the MS’s battery during the time period of one 51-multiframe.  

4.2.5.3 Test case 3. The display of the MS is illuminated  
This measurement was carried out in the testing environment of the University of Linköping 
in a commercial network. The MSs included in this test case are the same as those that have 
participated in test cases 1 and 2. Since an objective was to obtain average values and 
compare them to those obtained through the previous test cases, setting 2 was used on the 
instrument during our measurements. Five measurements of 500 samples each with the Nokia 
NGage and the Ericsson T28 were done.  

4.2.5.4 Test case 4. A call in progress  
This measurement was carried out in the same environment as the previous test case, as well 
as for the same MSs and the same amount of samples for all of the 5 measurements. 

4.2.5.5 Test case 5. Other functions are activated 
Besides the above-named test cases, measurements were done while other, more specific, 
functionalities of the MS were in use. The functions available for these measurements varied 
from MS to MS. The investigation concentrated on the Sony Ericsson K700i which has java 
games, a camera with flash, and an mp3-player.  

These measurements were carried out in the testing environment of the University of 
Linköping. For each of the activities, five measurements with setting 2 were made. 

4.3 Results of battery consumption measurements 

4.3.1 Test case 1. Idle mode without listening to CB 
As mentioned in section 4.2.7.1, this test case was carried out in different testing 
environments and with three different settings. The results obtained with setting 2, which led 
to average values of the current drained at the MS, have been put in table 4 to ease 
comparison.  
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Telephone Current drain in 

Ericsson’s testing 
environment (mA) 

Current drain in 
University testing 
environment (mA) 

Increase in current 
drain from Ericsson’s 
to University’s testing 
environment (in %) 

Sony 
Ericsson 
K700i 

7,49 8,48 13,22 

Nokia 
NGage 

9,67 10,02 3,62 

Ericsson T28 12,41 13,31 8,06 

Table 4. Average values (in mA) obtained with setting 2 for test case 1, categorised by 
MS and testing environment with increase in current drain between environments (in 
%). 

As can be observed from the table above, the values for the current drained in university 
testing environment are generally larger than their equivalent in Ericsson’s testing 
environment. The reason is discussed in section 6.1.1.  

The results obtained with setting 1 are in the form of illustrations, i.e. screenshots of the 
oscilloscope during measurements. Below follows one illustration (figure 10 and 11) from 
both testing environments. The rest of the illustrations can be observed in Appendix A. 
Comparison of both pictures shows that that there is more voltage peaks, almost twice as 
much, in the top picture.  

  
Figure 10. Illustration obtained from the Sony Ericsson K700i with setting 1 

during test case 1. Approximately 5 GSM frames during test case 1 in 
university testing environment. 
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Figure 11.  Illustration obtained from the Sony Ericsson K700i with setting 1 

during test case 1. Approximately 5 GSM frames during test case 1 in 
Ericsson’s testing environment. 

The results obtained during test case 1 with setting 3 can be observed through figure 12 and 
13. 

 
Figure 12.  Illustration obtained with the Sony Ericsson K700i with setting 3 in 

Ericsson’s testing environment without CB being sent. 
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Figure 13.  Illustration obtained with the Sony Ericsson K700i with setting 3 in 

university testing environment without CB being sent.  

4.3.2 Test case 2. Idle mode while listening to CB 
As mentioned in section 4.2.7.2, this test case’s purpose was to obtain values for the MSs’ 
current drain in idle mode while CB messages are being sent. Below follows a table (table 5) 
which summarizes the average values obtained with the three MSs which participated in the 
measurements at Ericsson’s Technical Lab.  
Telephone Current drain (mA)
Sony Ericsson K700i 7,54 
Nokia NGage 12,16 
Ericsson T28 11,98 

Table 5. Average values (in mA) obtained with setting 2 for test case 2, categorised by 
MS. 

Just as with test case 1, the results obtained with settings 1 and 3 are in the form of 
illustrations. For the complete collection of screenshots taken during this test case, see 
Appendix A. The graphical representation of a period of 20s while receiving CB messages 
can be observed in the figure below (figure 14).  

 28 
 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
Battery consumption measurements 

 

 

 
Figure 14. Illustration obtained from the Sony Ericsson K700i with setting 1, 

during test case 2 in Ericsson’s testing environment.  

The measurement that was carried out with setting 3 on the Sony Ericsson K700i can be 
found in figure 15.  

   
Figure 15.  Illustration obtained with the Sony Ericsson K700i with setting 3 in 

Ericsson’s testing environment, with CB messages received at the MS. 

4.3.3 Test case 3. The display of the MS is illuminated 
The results that follow in table 6 show the amount of current drained during measurements 
with the display of the different MSs lit.  
Telephone Current drain (mA)
Sony Ericsson K700i 192,77 
Nokia NGage 220,08 
Ericsson T28 42,4 

Table 6. Average values (in mA) obtained with setting 2 for test case 3, categorised by 
MS.  
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4.3.4 Test case 4. A call in progress 
This test case’s purpose was to obtain average values of the current drained at different MSs 
during a call. They have been ordered in the table below (table 7).  
Telephone Current drain (mA)
Sony Ericsson K700i 114,74 
Nokia NGage 107,18 
Ericsson T28 153,08 

Table 7. Average values (in mA) obtained with setting 2 for test case 4, categorised by 
MS. 

4.3.5 Test case 5. Other functions activated 
As mentioned in section 4.2.7.5, in order to set our other measurements in perspective, the 
current drain for other activities at a MS was measured. The MS in this investigation was the 
Ericsson K700i and the results are showed in the table below.  
Activity Current drain (mA)
Java game 222,34 
Camera with flash 262,99 
Mp3-player 75,33 

Table 8. Average values (in mA) obtained with setting 2 for test case 5, categorised by 
activity. 

When measuring the battery usage for the java game and the camera, the display was lit. 
While using the mp3-player, the display was allowed to go down to sleeping mode. These 
display settings were chosen since these are the most realistic usage scenarios.  
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5 Language support 
In many countries there can be more than one official language and keeping in mind the 
presence of tourists, CB emergency messages should preferably be transmitted in several 
languages. As mentioned earlier does CB give the opportunity of the use of different 
languages and the purpose of this investigation is to examine how a warning system based on 
CB could solve the problem of different languages.  

There are two main alternative ways of implementing multi-language CB messages in a 
warning system: either through using emergency channel for each language, or through usage 
of different coding schemes. The latter means that a message is sent in different languages but 
on the same channel. A prerequisite is that the coding schemes are interpreted correctly by the 
MS, which is the issue of this study. 

As described in section 3.3.1.3, the coding scheme is an eight bit code used for stating the 
language and the alphabet coding. There are many different formats for stating language and 
alphabet coding. Different formats of coding schemes have tested in order to investigate how 
they are interpreted by the MS. 

5.1 Test equipment 
T The test was performed with eight MSs of different manufactures and of variable “age”. 
The manufactures were Samsung, Ericsson, Sony Ericsson and Nokia. Four of the phones can 
be described as “old” since there are between five and eight years from there release year. The 
other four phones are “new”, they were released between two to four years ago. In the result 
the MSs have grouped based on the manufacturer and age, which gives these groups: 

• Sony Ericsson, new: K700i (2004), K600 (2005) 

• Ericsson, old: T28 (1999), R520 (2001) 

• Nokia, new: NGage (2003) 

• Nokia, old: 6210 (2000), 6610 (2002) 

• Samsung, new: E720 (2005) 

5.2 Method 
Before the investigation, different test cases had been defined, each including different 
formats for the coding schemes. The test was performed at Ericsson’s Technical Lab in 
Katrineholm. The test was performed by sending out CB messages with different coding 
schemes and different contents on the same channel. In order to examine how the MSs treat 
the different test cases, they were tested with two different configurations of the language 
filter: all languages and only Swedish.  

In the investigation all messages were sent on channel 60 and with different content, in order 
to separate the different test cases. To configure the data coding scheme at the laboratory’s 
software a decimal parameter was used which means that the binary coding schemes had to be 
converted from binary to decimal. In the test cases where the language was stated in a letter 
abbreviation, test case 3 and 4, that part had to be given in hexadecimals. The Geographical 
Scope parameter, see section 3.3.1.1, was configured to cell wide with normal display, GS = 
11, for all the messages which means that the CB messages shall be displayed by user 
interaction. The CB messages were sent out with the minimum period of 1.883 seconds. 
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5.3 Test cases 
The choice of test cases is based on the data coding schemes in table 3, section 3.3.1.3, and 
aims to cover different scenarios.  

Case 1 – Language stated binary 

Description: Coding schemes where alphabet coding is GSM 7 bit and the language is stated 
with all eight bits.  

Tested coding schemes: 0000 0001 English, 0000 0110 Swedish.  

Issue: depending on the MS settings, are the right messages received? 

Case 2 – Language unspecified 

Description: Coding scheme where alphabet coding is GSM 7 bit and language unspecified. 

Tested coding scheme: 0000 1111.  

Issue: will MSs receive CB messages with this coding scheme?  

Case 3 – Language in letter abbreviation 
Description: Coding scheme where alphabet coding is GSM 7 bit and the language is stated 
with a two letter abbreviation according to ISO 639. The two letters shall be the first of the 
message content and ends with a carriage return character.    

Tested coding scheme: 0001 0000 sv.  

Issues: will MSs receive CB messages with this coding scheme? Is the MS able to interpret 
the first characters as the language?  

Case 4 – UCS2 alphabet coding 

Description: Coding scheme where alphabet coding is UCS2 and the language is stated with 
a two letter abbreviation according to ISO 639. The two letters shall be the first of the 
message content and ends with a carriage return character.    

Tested coding scheme: 0001 0001.  

Issues: how are messages with UCS2 coding scheme handled by a MS with support only for 
GSM 7 bit? Will the MS receive the message and if that is the case, how is it displayed?   

Case 5 – Reserved coding schemes 
Description: Reserved coding schemes with unspecified handling at the MS.  

Tested coding schemes: 0001 0010, 0010 0101, 0011 0000.  

Issue: will MSs receive CB messages with this coding scheme? 

5.4 Results of language support 
The test results are structured by the setting of the MS. Tables of the result for every setting, 
test case and MS is to be found in the appendix B in the end of this report.  

During the study, the old Nokia 6210 had to be excluded from participation in the 
measurements due to its inability to handle CB properly. This is further discussed in section 
6.2.2. 
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5.4.1 MS setting “all languages” 
The MSs were configured to receive CB messages on channel 60 and to receive messages in 
all languages. 

Case 1 – Language stated binary 
All MSs were able to receive and display both the Swedish and the English message correctly. 

Case 2 – Language unspecified 
All MSs were able to receive and display the message with language unspecified correctly. 

Case 3 – Language in letter abbreviation 
All MSs were able to receive the message with the language stated with the two letter 
abbreviation. However, different MSs handled the message differently. Sony Ericsson and the 
Nokias (group A, C and D) understood that the first three characters of the content parameter 
was not part of the actual message and removed those. The other MSs; Ericsson and Samsung 
(group B and E), displayed those characters as a part of the message. The statement of the 
language was a bit unclear which is further discussed in section 6.3.2. 

Case 4 – UCS2 alphabet coding 
All MSs were able to receive the message with UCS2 coding. The CB messages content was 
not coded in UCS2 and the MSs’ display of the message was therefore not part of the test.  

Case 5 – Reserved coding schemes  
All MSs were able to receive the messages with coding schemes with unspecified handling. 
All MSs except the Ericssons (group B) were also able to display the content. The MSs in 
group B could not interpret the content of the CB message with coding scheme “0001 0010”, 
and the message was shown empty. The other messages were displayed by the MSs in group 
B.  

5.4.2 MS setting “only Swedish” 
The MSs were set to receive CB message on channel 60 and to only receive messages in 
Swedish. One MS lacked a Swedish language filter and therefore English was used for that 
MS in the second configurations. 

Case 1 – Language stated binary 

All MSs received and displayed the Swedish message and ignored the English message. The 
one MS without Swedish as language alternative displayed the English message instead, just 
as intended.  

Case 2 – Language unspecified 
Only the Sony Ericssons (group A) were able to handle a message with language unspecified 
in this MS setting. None of the other MSs received the message. 

Case 3 – Language in letter abbreviation 
None of the MSs received the message with the language stated with the two letter 
abbreviation. 

 33 
 



Bachelor’s Thesis  Support for Cell Broadcast as a Global Warning System 
Language support 

 

 

Case 4 – UCS2 alphabet coding 
None of the MSs received the message with UCS2 alphabet coding. 

Case 5 – Reserved coding schemes  
The messages with unspecified handling were only received by the Sony Ericssons (group A) 
in this MS setting. 
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6 Discussion 

6.1 Battery consumption 

6.1.1 Effect of CB on battery consumption 
Generally, the results of the study showed very little difference between measurements done 
in idle mode without the MS listening to CB and those done in idle mode with the MS 
listening to it. It can be observed from the results of test case 1 and test case 2 (see table 9) 
that battery consumption increases only slightly when the MS listens to the CBCH and 
receives CB messages. In the case of the Ericsson T28, the difference in power consumption 
is, as can be observed in the table, negative. A possible reason for this value is that besides 
listening to the BCCH, the FCCH and the PCH, the MS also performs other activities while in 
idle mode. Such activities, as for example, updating its clock can drain a little extra current. It 
is hard to control whether or not this happened to take place exactly was measurements were 
being carried out. It could however be so that such an update took place while measuring with 
the Ericsson T28 during test case 1, thus resulting in a higher value than expected and leading 
to a negative difference between the two test cases for that MS. 
Telephone Test 

case 1 
 

Test 
case 2 
 

Difference between case 
2 and 1 in mA 

Difference between case 
2 and 1 in % 

Sony 
Ericsson 
K700i 

7,49 7,54 0,05 0,67 

Nokia 
NGage 

9,67 12,16 2,49 26,29 

Ericsson 
T28 

12,41 11,98 -0,43 -3,59 

Table 9. Difference between values obtained in Ericsson’s testing environment for test 
case 1 and 2 (in mA and %), with setting 2.   

Support to the values found in table 9 can be found through observation of figures 11 and 14. 
The pictures show very little difference in voltage peaks between the case where the MS 
listens to the CBCH and the case where it does not. Also, comparing the almost identical 
figures 12 and 15 shows that even during a longer period of time, almost a minute; an MS 
does not seem to use its receiver more often when listening to the CBCH than when it does 
not. This indicates further that the reception of CB messages has a small effect on the MS’s 
power usage. 

Another observation from the results it that the MSs’ drain more current while in idle mode in 
University testing environment than in Ericsson’s testing environment. This is observed 
through the presence of additional voltage peaks, more specifically, 2 extra peaks, in figure 10 
than in figure 11 as well as in table 4. Since the tests that led to those results were carried out 
with the same settings, the same instrument and the MS was in idle mode, one of the only 
remaining factors that could affect the current drained at the battery is the frequency of traffic 
from the PCH, BCCH and FCCH received. As mentioned in the theoretical calculations 
(section 4.1.1), the presence of the PCH in multiframes can vary in idle mode depending of 
the settings in the network. The increase of traffic we deduce to the amount of BTSs in the 
area. More BTSs increase the amount of measurements the MS has to perform since the MS 
has to measure the received signal strength from all nearby BTSs. In the Ericsson’s technical 
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lab there where only one BTS and an assumption is that there are more BTSs in the university 
environment since the university is situated in central Norrköping.  

Another possible reason for the higher values obtained in university testing environment can 
be the difference in radio coverage between both environments. The coverage in Ericsson’s 
testing environment can be assumed to be higher due to the fact that antennas were present 
just a few meters from the MSs, whereas radio communication has a much longer way to 
travel in university testing environment before reaching the MSs’ receivers. 

Comparing the procentual difference in results from table 4 to those in table 9, we notice that 
MSs’ drain between approximately 3 % to 13 % more current in idle more in university 
environment than in Ericsson’s technical lab environment. The procentual increase caused by 
the reception of CB messages at Ericsson was much lower, 0.67 % in the case of the K700i, 
and -3.59 % for the T28. The exception was the result obtained for the NGage which showed 
an increase of 26.29% in power consumption when receiving CB messages. The reason for 
this unexpected number can be found through observation of the measurements done at 
Ericsson on the NGage, while it was receiving CB messages (see Appendix A, test case 2 
with setting 2, for the Nokia NGage). The fourth measurement shows an average value of 
21.4125 mA, more than twice the average values obtained from the remaining 4 
measurements. The average value found in table 9 for the NGage during test case 2 was based 
on all 5 measurements found in the appendix (Appendix A). It is therefore assumed that the 
high value of 21.4125 mA led to a higher average than expected, causing an increase of 26.29 
%. The cause of the actual peak could be many.  

One possible cause of the peak observed is the capture of a burst containing CB data. It is 
possible, as mentioned earlier in the discussion, that we missed some of these bursts, 
therefore, the sudden high increase in some of the measurements could indicate the reception 
of a CB block. It is however improbable that of all the measurements carried out, only during 
that one did a burst appear. Another fact that talks against that possibility is that pictures 
obtained with setting 3 during test cases 1 and 2. Although they were obtained with another 
MS (the Sony Ericsson K700i), they cover a time period of 50 s during which bursts 
containing CB data were undeniably received, since they were sent with the shortest repetition 
period possible. Comparing the two pictures (picture 12 and 15), no peaks can be observed. If 
the increase of almost a 100% observed in the measurements taken with the NGage had been 
caused by CB, many peaks, double the height of the present ones would be found in pictures 
12 and 15, since the K700i was receiving the exact same messages as the NGage.  

Another possibility is that the peak was caused by the reception and processing of a large 
network-related message such as a “system information”-message which was observed in 
Ericsson’s network log files, obtained through the usage of TEMS-software). The “system 
information”-message contained a lot of information which, considering that the MS 
otherwise processes very little in idle mode, may require a 100% more current to process. The 
most likely scenario is however that human error caused the unexpected result for the NGage: 
during tests, a “Run/Stop”-button on the oscilloscope has to be pressed in order to export 
samples directly into Excel. After repressing the button, values on the oscilloscope 
inexplicably increase for a brief moment, before returning to a reasonable level. If the button 
is repressed to obtain samples during the moment where the oscilloscope shows higher values 
than usual, the samples obtained will then also be unexpectedly high. They will lead to an 
increased average, just as the one observed in appendix A, for the NGage in Ericsson’s testing 
environment.   

It was also noticed after testing, that some of the measurements carried out for the K700i in 
the testing environment of Ericsson’s technical lab were clearly higher than the others, both 
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for test case 1 and 2. As can be observed in appendix A, the first 5 measurements carried out 
for the K700i at Ericsson during test case 1 lay between 4.53 and 5.87 mA, whereas the 
following 10 measurements rest in an interval starting at 8.23 mA and ending at 9.84 mA. The 
same phenomenon can be observed for the results of test case 2, still with the K700i while at 
Ericsson. The first 5 measurements of test case 2 lay between 4.56 mA and 5.57 mA; the 
following 10, between 8.2 mA and 9.61 mA. The 10 last measurements were in both cases 
carried out at a later time period during the day than the first 5. It was firstly believed that a 
network configuration error, suspected to have taken place during the day at Ericsson’s 
technical lab, caused the increase. That possibility was later set aside after more careful 
consideration of the network log files.  

Another factor was however later taken into account: the MSs were extensively used during 
the day, causing their batteries to uncharge rapidly. These were not charged during the day. 
When in university testing environment, the batteries were kept fully charged, and the results 
from the test cases carried out in that environment show no variation depending on which 
moment in the day measurement were done. Some tests were carried out after the original 5 
test case, in order to confirm whether or not the last 10 measurements done at Ericsson 
showing an increase of nearly 100% were cause by the fact that batteries had been drained 
during the day. The tests measured, with setting 2 (see section 4.2.2.2), the current drained in 
idle mode when CB was not activated on the MS; they were carried out in university testing 
environment. Results show that when the battery was fully charged, the current drain was on 
average 7.06 mA whereas when the battery was nearly dead, the MS’s battery drained as 
much as 47.54 mA in idle mode. The results are a clear indication that the more drained the 
battery is, the more current will be used in idle more. This is however not linear and only an 
indication as we have not carried out extensive tests to prove this. One might now wonder 
what the effect of this is on the average values obtained from the measurements done with 
Sony Ericsson K700i in Ericsson’s testing environment. Since the same phenomenon occured 
in both test cases 1 and 2, the average values are equally affected, which makes them still 
directly comparable.  

As recalled from section 4.1.2, if scheduling is used the MS has to receive the schedule 
message which takes 4 slots, and then listen to the free slot denoted as “reading advised”. 
Without scheduling, the MS has to find out if something is sent out, which it does by listening 
to the first slot of every eight 51-multiframe period. If nothing is sent, the radio receiver is 
turned off. In this comparison we only consider one scheduling period which, with the 
schedule message included, consists of 33 CB messages which implies that the MS most turn 
on its radio receiver 33 times. Regarding which alternative leads to the least battery 
consumption, scheduling is to be preferred if there are other types of CB messages but the 
emergency ones sent out. If only emergency messages are sent, it is hard to compare the 
alternative ways of sending them since scheduling requires that the MS receives 4 data slots 
and listens to 1 slot. The current drained by processing data from the 4 slots and by listening 
to one slot is hard to compare to the amount of current needed to listen to the 33 slots when 
scheduling is not used. It is hard to, from a battery consumption point of view base an opinion 
on whether or not scheduling is helpful. However, it would be useful when other CB 
messages are sent besides the emergency messages.  

Certain error sources have to be taken into consideration, as to how much they can have 
affected the results we obtained. Firstly, in the case where a CB message is of no interest to 
the MS, only its first block will be received and the rest of the eight 51-multiframes time 
period needed to receive a CB message will not differ in contents from “normal” idle mode. 
Recall from section 3.4.2.1 that 2 multiframes are needed for block one to be received, which 
leave 6 multiframes “unused” by CB. The remaining time period is therefore of 6 × 235.4 ms, 
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which is equal to approximately 1.4s. This implies that there is a possibility that some of our 
measurements were done during this delay period of 1.4s. We have however done many 
measurements, and with varying time periods. Those done with setting 2 take into account 
200 ms each, which corresponds to 0.2 s. In the case of the Sony Ericsson, with 15 such 
measurements, we have covered a time period of 3s which further increases the odds that even 
if none of the CB messages sent then were of interest to the MS, the reception of the first 
block has been “captured”. Measurements carried out with setting 3 cover a time period of 
50s and therefore the illustrations obtained with this setting are highly reliable regarding the 
capture of bursts containing CB-related data.  

Another fact which has to be taken into consideration is that the reception at the MSs’ 
antennas can vary during the measurements. The impact is that the MSs have to adjust to the 
change which affects the current it will drain from their corresponding battery. It is hard to 
keep track of the reception’s quality or to keep it stable. We have, however, in each testing 
environment, kept the MSs as still as possible, as well as place them in the same spot, to 
reduce variance in reception. This should have led to a minimal variance, and which, in case it 
occurred, was constant in measurements. We therefore do not feel it is a necessity to specify 
this in mathematical terms.    

6.1.2 The battery consumption in perspective 
In this study we measured the battery consumption for many other activities at the MSs. 
Average values the battery consumption for MSs with the display activated, a call in progress 
and other functions like java game, mp3-player and camera usage, can be found in the section 
4.3.5.  

The battery consumption for a MS can be ranked and so we have done for the Sony Ericsson 
K700i since that MS is the mostly investigated: 
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Figure 16.  Current drain (in mA) for the Sony Ericsson K700i, categorised by 

activity.  

As seen, there is a large spread of values and the highest value is approximately 32 times as 
large as the lowest value. The MS drains less current while in idle mode, listening to channels, 
than it does processing data, for example, maintaining a call. We can also see that the 
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activities where the display is activated take more current than those without. Even during 
call, when the radio sender is activated, the current drain is lower than for idle mode with the 
display activated. 

6.2 CB support 
The investigation made it clear that MSs handle CB messages differently. The difference 
could be seen in both the settings of the MS, and in the actual reception of a CB message. To 
reduce this variety in MS behaviour, the Cell Broadcast Forum has published the Handset 
Requirements Specification (2006), which aims for a homogenous MS behaviour in the 
future. The specification lists requirements for the MS and also provides different test cases 
for grading a MS’s capability of handling CB. Since our investigation did not have the 
purpose of testing different MSs’ capability of handling CB, we have not used the grade 
system. But nevertheless, we have compared the MSs’ behaviour in the investigation with the 
specifications’ requirements and recommendations. The reason for comparing this is that for 
CB to work as a global warning system all MS have to be able to handle CB properly.  

6.2.1 CB settings at MSs 
Differences in the MSs’ setting options for CB between manufacturers and models can be 
noticed and are here ordered in three different categories.  

Firstly, where the CB settings can be found differs between MSs. Most of the MSs had the 
setting under the Message menu but one MS had the setting under the general settings menu. 
According to Handset Requirements Specification (2006) all CB settings should be found in 
the messaging menu of the MS and in our opinion this works out well.   

Secondly, the names of the CB menu were many: “Cell Broadcast”, “Area Info”, “Info 
Service”, “Broadcast”… The Handset Requirements Specification (2006) wish for a uniform 
term, suggesting “Broadcast” as a name for the menu. Also inside the CB menu the name of 
different options varied, and for some MSs the naming seemed illogical. Also for these names 
the Handset Requirements Specification (2006) suggests a uniform term, which we think 
would be good to avoid confusion amongst users.  

Lastly, the possible configuring options related to CB differed. In conclusion: they all had 
some sort of reception on/off, a setting for choosing which channels should be listened to and 
most of them had a setting for choosing particular languages or “all languages”. The available 
languages varied, some MSs, like the old Ericssons, only had the Nordic languages and 
English available, but nearly all the MSs had most of the European languages as possible 
settings. The Ericsson T28 had no language filter for CB. It had however a languages settings 
which were used for CB. In the languages settings of this particular MS, the option 
“automatic” corresponds to “all languages”. One drawback was that the language setting 
affected the language of the entire MS. 

6.2.2 Receiving CB messages 
A positive result of the investigation is that all MSs were able to receive CB messages. 
However, there were differences between the MSs’ handling of CB. This section describes 
those differences when it comes to display of CB messages, indication tones and saving 
options.  

All MSs except one, the Nokia NGage, immediately displayed that a CB message had arrived 
and the content was showed after user interaction. This is correct due to the Geographical 
Scope parameter of the message and according to Handset Requirements Specification 
(2006). The Nokia NGage which did not display the CB message immediately required the 
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user to be inside the CB settings menu to see that a CB message had been received. To read 
the message, the user had to select the channel and there display all received messages. This 
behaviour does not follow any specification and, in our opinion, is a very inconvenient way to 
use the CB function of the Nokia NGage.  

According to the Handset Requirements Specification (2006), the reception of a CB message 
should be indicated with a tone. In our investigation, half of the MSs indicated the reception 
with a tone; the other half did not use sound to inform of the reception of a message. One of 
the MSs lacked an informative tone, the Nokia 6210, and vibrated instead. None of the MSs 
had any settings for the reception tone which the Handset Requirements Specification (2006) 
suggests.  

The ability to save the CB messages differed between MSs. Half of the MSs offered the 
option to save the message, while saving was impossible in the other half of the MSs. 
According to Handset Requirements Specifications (2006), the MS should be able to store CB 
messages which, in our opinion, is good since the user might want to read a previously 
received message again.   

As mentioned in the section Results, one of the older Nokias, the 6210, had to be excluded 
from participation in the measurements due to its inability to handle CB properly. The reason 
for excluding the MS was that the MS did not manage to ignore messages it already had 
received. Since the network was set to send out a CB message once every other second during 
the investigation, this soon became a problem with this MS since every CB message was 
indicated with vibrations. Still, this MS would work in an emergency situation since it was 
able to separate different channels. 

6.2.3   Support for different alphabet coding 
In order to reach global functionality, MSs should preferably support messages with different 
alphabet codings, both GSM 7-bit and UCS2, independently of the original configuration. 
This is desirable since UCS2 supports more characters and therefore more languages than 
GSM 7-bit does. This fact explains the importance of UCS2 in the technical realisation of a 
global emergency alert system.  

The part of the language support investigation considering UCS2 only tested the MSs’ ability 
of receiving messages with UCS2 coding scheme and we therefore not know if the MSs’ can 
display messages with a UCS2 coded content. Handset Requirements Specification (2006) has 
an optional requirement suggesting the MSs with GSM 7 bit as original alphabet also shall 
support the display of CB messages with UCS2 alphabet. Hopefully this will also work the 
other way around. The support for different alphabet coding is an important matter in order to 
reach global functionality and should be a mandatory requirement in the specification.      

6.3 Language support 
Most of the MSs in our investigation were capable of handling CB in a satisfying way. A less 
pleasing result is that the MSs handle coding schemes differently, which can complicate the 
support of different languages, which is, as named earlier an important demand for CB 
emergency messages. Since this report aims to suggest how CB can work as a global warning 
system, this is a very important question to us. This discussion therefore only considers 
emergency CB messages, which are assumed to be of great interest to the subscribers.  

As mentioned in earlier sections, there are two main alternative ways to implement different 
languages in a warning system: either through using an emergency channel for each language 
or through usage of different coding schemes in the same channel. In this section we first 
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discuss the different possibilities of handling different languages, both through the usage of 
different coding schemes and through the usage of an emergency channel for every language. 
Based on this discussion we will draw a conclusion regarding what we think is the best 
solution. 

6.3.1 Language stated in binary 
The MSs in our investigation had a good ability to interpret the language when the language 
was stated in binary. A problem with this way of stating the language is that there are only a 
few coding schemes that explicitly state the language in binary today, see table 3 section 
3.3.1.3. In total there are about twenty languages available in coding schemes with this 
format. The languages are mostly Western European languages, many languages of Eastern 
Europe are excluded, like Estonian, Slovenian and Romanian. Important to notice here is that 
the GSM 7-bit alphabet coding not only supports the Latin alphabet but also, to some extent, 
certain letters from other alphabets. Also, according to 3GPP TS 23.038 (2006), the Latin 
alphabet should be the default alphabet when the language is stated in binary. 

This way of stating the language of the message can still work very well in most countries 
where the Latin alphabet is used, since most people speak at least one of the languages spread 
worldwide, i.e. English, French or Spanish. However, a problem might occur when an 
Estonian wants to select his or hers native language in the MS. There are then two possible 
scenarios: either Estonian is an option at the MS, independently of the available CB coding 
schemes, or not. If not, hopefully the Estonian selects some other language he or she knows. 
A problem occurs if Estonian is available and is the user’s only choice. Then, since Estonian 
is not an available coding scheme no CB messages will be received.  

An important part of a global warning system is that the emergency message is received by all 
who wants it, i.e. those who have tuned in the channel for emergency messages. Even if the 
message is not sent in the user’s native language, it is in our opinion better to receive a 
message in any language than no message at all. Therefore a solution would be a coding 
scheme which offers the possibility of receiving messages independently of the MS’s 
language settings. At first glance we thought that the coding scheme “language unspecified” 
might work that way but our investigation showed that only three of our MSs received the 
message when the MSs’ language filters were set to Swedish. According to the Handset 
Requirements Specification (2006), the MS should receive CB messages with language 
unspecified, regardless of the language filter in use.  

The use of a coding scheme with language unspecified would result in that some users receive 
more than one CB message. A suspicion was that MSs might over-write already received CB 
messages with newer message if the messages have the same serial number and message 
identifier. This could complicate the language support since the message with the “right” 
language might be over-written with a message with language unspecified. This is however 
not the case. The MSs automatically let the user browse the received messages.   

A drawback with the coding scheme “language unspecified” is that it currently only exists for 
GSM 7-bit and not for UCS2. As mentioned in section 6.2.3, UCS2 will, according to us, play 
an important role in a global emergency alert system, and since “language unspecified” will 
be a significant part of that system, we think there is a need for a coding scheme which uses 
both UCS2 alphabet coding and language unspecified.  

6.3.2 Language with letter abbreviation 
Going back to the issue of the Estonian who wanted to receive CB messages in his native 
language, let’s say that Estonian is an alternative in the MS’s language filter for CB. A way of 
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having more languages available without increasing the number of coding schemes is to state 
the language with a two letter abbreviation according to ISO 639. Important is of course that 
the MS understands the letter abbreviation and manages to compare the language of the 
received CB message with its own language filter.  

Stating the language with a letter abbreviation was part of the language support investigation 
but due to lack of time that was not measured in a satisfying way. We had no specifications 
about how this way of stating the language works with encoding and bit order in Ericsson’s 
network. All we knew was that we had to convert the two letters and the carriage return into 
hexadecimals. We decided to code the three characters in GSM 7 bit default alphabet, 
according to 3GPP TS 23.038 (2006), and then we put all the 3 × 7 bits together and 
converted into hexadecimal. There were a couple of question marks; firstly, we had a long 
discussion about which bit shall be the first. Secondly, 3 × 7 bits do not fill an even number of 
hexadecimals. The conclusion of this is that we are not sure that the language was stated 
properly. Had we had more time we would have taken more effort with solving this.  

Also, the letter abbreviation was only tested in the test case with GSM 7 alphabet coding, test 
case 3. That is since the case testing UCS2 alphabet coding, test case 4, was unsuccessful, we 
did not test different languages for that case which we had planned from the beginning.  

What the investigation did show was that only half the MSs were able to recognise that the 
first three characters were a language abbreviation. However, if the MS can not even 
recognise that the first three characters are a language abbreviation; then this is currently not a 
universal solution of the language support problem.  

The possibility of stating the language with a letter abbreviation is only an optional 
requirement in the Handset Requirements Specification (2006). We therefore draw the 
conclusion that this possibility will be fully implemented earliest in the long term. However, 
in order to realise this solution we think this most be changed into a mandatory requirement in 
the specification.   

6.3.3 Separate channels for separate languages 
The other main option is to use separate emergency channels for separate languages. We did 
not try this in our investigation since it is enough with a theoretical discussion about this 
option. The idea with separate channels for separate languages is suggested by the Cell@lert 
program. (Wood, 2004)  

This solution would make it easy for the user to select the channel of his native language. But 
the language filter also has to be correctly set in this case. That is since every CB message 
must have a coding scheme where the language is stated and the MS’s decision regarding 
whether or not the message should be displayed is based on the language filter. Hence, for this 
to work the correct channels most be activated and the language filter must be set to either all 
languages or at least the language of the channel. So for a French language channel to work, 
the coding scheme must still indicate French if the user has a French language filter selected. 
This solution therefore requires more from the user’s configuration abilities. 

Assuming that the user only has selected his or her own language in the language filter, we 
are back to the basic problem: not all languages are supported by the coding scheme 
parameter today. Even with an Estonian language channel and a MS with Estonian as 
language filter, the user will most likely not receive an emergency CB message. 

On the other hand, if the user configures the MS’s language filter to receive all languages, the 
problem with coding schemes will be solved if the emergency message is sent out in the 
channel’s language but with an other, “wrong”, coding scheme. However, this will affect 
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other CB services since the language filter affects all channels and the user might have other 
channels activated, he or she might receive other, non-emergency, CB messages in a lot of 
unwanted languages.   

The usage of one emergency channel per language can also solve the problem for MSs which 
do not offer the option to configure language filters. For example the Ericsson T28 in this 
investigation lacked a language filter (see section 6.2.1). For that MS the usage of many 
emergency channels would be good, especially if the messages are sent out with “language 
unspecified” as coding scheme. 

Furthermore, an emergency message must be sent on all channels in order to reach all users 
interested in the message, for this solution to be satisfying. Even if the emergency message is 
not available in Estonian we assume that it is better to send a CB message in some other 
language on the Estonian channel since we think that it is better to receive a message in an 
other language than to receive no message at all.   

6.3.4 Comparison of the alternatives 
Based on the alternatives we think that the usage of one, global, emergency channel would be 
the best solution. However, it seems hard to realise since that requires a standardisation 
between all countries. In our opinion this may be achieved first in the long run and until then, 
the usage of separate channels seems to be necessary. This standardisation can be done step 
by step and meanwhile a combination between the two main alternatives can be used, 
especially different channels in different countries is a probable scenario in the beginning. 
After a while, within a country, or in the long term also between countries, maybe the usage 
of one channel with all languages which can be stated in binary and extra channels with 
language unspecified and/or the language stated with letter abbreviation. To help the user to 
know which channels are in use in a particular country this information most be distributed to 
the user. This can easily be achieved through CB index messages which can be sent out by the 
network telling the available CB services.  

If we instead focus on the usage of one emergency channel we think the easiest solution is to 
use the twenty languages which can be stated in binary. This is because we have seen that 
MSs seem to have, for the present moment, best understanding of languages stated in binary. 
In order to solve the problem with MSs with bad language filters our suggestion is to in 
addition to CB messages with different coding schemes always send out one or more 
messages with language unspecified. The coding scheme “language unspecified” should be 
received independently of the language filter which means that the user can be sure to at least 
receive one emergency message. Since our investigation showed that about half of the MSs 
received the message with language unspecified independently of language filter, and since 
this is a mandatory demand from the Handset Requirements Specification (2006) we believe 
all new MSs will handle this coding scheme properly. A drawback of this solution is that the 
coding scheme presumes the usage of GSM 7 bit alphabet coding which means that MSs 
which are set to only UCS2 coding will not be able to interpret these coding schemes. This 
solution therefore only works for languages and MSs using Latin letters, and to some extent 
letters from other alphabets. A solution is that UCS2 gets its own coding scheme with 
“language unspecified”. 
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A, in our opinion, better solution would be to state the language with a letter abbreviation 
since this makes all languages of the world available. This solution puts a higher demand on 
the MSs’ language filter since the MS preferably should have all conceivable languages 
available, for the country where it is in use. Also in this solution the problem with MSs’ bad 
language filters can be worked around with sending out one or more messages with language 
unspecified. Using the letter abbreviation for stating the language does not seem to be an easy 
implementation and since the Handset Requirements Specification has this only as an optional 
requirement we think it might take a while before this implementation is carried out. On the 
other hand, this solution will be possible to use worldwide if or when the MSs will be able to 
interpret both GSM 7 bits and UCS2 alphabet coding.  
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7 Conclusion 

7.1 Battery consumption 
Theoretical calculations show that in the most realistic case, i.e. when CB is activated on the 
MS but messages sent are not of interest (see section 4.1.2), it would have to listen to 5.4% 
more timeslots than during idle mode without CB. As mentioned in the discussion (section 
6.1.2), when the MS only listens, it does not drain as much current as it does when processing 
data. Processing data, through, for example maintaining a call, is something it does relatively 
often, depending on its owner. Taking the K700i as an example; it drains, in idle mode 
without CB, around 7.49 mA during a period of 200ms, i.e. 7.49 mA for approximately 344 
time slots. If it listens to 5.4% more time slots, i.e. approximately 19 time slots, this will 
imply an increase in current drain of approximately 0.40 mA. In comparison to other 
activities, as for example, maintaining a call, which drains 114.74mA for the same period, 
0.40 mA is a small increase. Keep in mind that this increase in based on theoretical 
calculations which take into consideration a situation where all the MS does is listen to 3 
channels, without actually processing the data received. Also, no periodic updates are taken 
into consideration. Since the value of 7.49 mA which the procentual increase is calculated 
from was obtained in a relatively controlled environment, i.e. Ericsson’s technical lab in 
Katrineholm, we believe that even if other factors, for exemple, processing the received 
messages and the amount of BTSs in the area, would in fact have an effect on the increase, the 
calculated value is a good indication of a potential increase caused by CB. Comparing the 
theoretic increase of 0.40 mA to the actual increase of 0.05 mA observed in Ericsson’s testing 
environment, it can be said that even if the theoretic increase is lower than it would be if all 
affecting factors were considered, it is still higher than the actual increase in power 
consumption observed during testing.     

Measurements done during short periods of time show little increase in current drain between 
idle mode with and without reception of CB messages, it can however have to do with the fact 
that some burst we not captured during measurements, as mentioned in section 6.1.1. This is 
why it would be desirable to do measurements during a long period of time. We did have the 
opportunity to do measurements during a time period of 50s. Although the results of those 
measurements are more qualitative than quantitative, they indicate no increase in current drain 
during the reception of CB messages.  

We believe that even if more long-term measurements were done, conclusions would remain 
the same considering, firstly, results from test cases 3, 4 and 5. They are a lot higher than 
those done in idle mode. For example, the Sony Ericsson K700i, has in idle mode, in 
university testing environment, a current drain of 8.48 mA, to be compared with 75 mA when 
using the mp3-player and 263 mA when the camera and its flashlight is in use. This indicates 
a drain of 9 to 32 times more current than during normal idle mode for daily activities. 
Although usage of such functionalities as the camera or the mp3-player can be influenced by 
the user, and therefore vary, it is still important to set in perspective the current used while in 
idle mode. Secondly, the number of BTSs has, as observed in section 6.1.1, an effect on the 
drain of current at the MSs’ batteries. The MS has to perform measurements of the received 
signal strength from all nearby BTSs which means that more BTSs increase the amount of 
measurements the MS has to do and with that the current drain increases. It was observed, in 
section 6.1.1, this leads to a higher percentage of current consumption in idle mode than the 
reception of CB messages. Unlike the first factor named in this paragraph, the amount of 
BTSs, is not something which the user can influence, it is out of the user’s control.  
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In these measurements the MSs have not been moving. Mobility is something that we assume 
increases the current drain since the more a MS moves, the more often it will change BTS and 
therefore more location updates will occur. Being very movable would therefore, most 
probably in the long run, render the increase in current drain caused by CB insignificant.    

7.2 Language support 
We have come to some assumptions about our wishes for language support in emergency CB 
messages:  

1. Firstly, the user, apart from tourists, shall receive the CB message in his or her native 
language. 

2. Secondly, it is better that the user receives a CB message in another language than no 
message at all. 

3. The configuration of the MS shall be easy for the user. 

Since the MSs do not handle the coding schemes correctly, there is no way to currently fulfil 
these assumptions. Our investigation showed that more modern MSs are better than older, and 
hopefully the MSs’ handling of CB will improve in the future with even more modern MSs 
being introduced on the market. An important step towards this is the Handset Requirements 
Specification (2006), whose first version was published in the year 2000, and hopefully will 
acquire an important role in the development of new MSs’ CB support.  

A first important step towards realising CB as a global warning system is that the MSs are 
able to handle coding schemes. Regarding whether the warning system shall contain an 
emergency channel for each language, or use different coding schemes on the same channel, 
we have come to the conclusion that in the long term the usage of different coding schemes on 
the same channel is preferred. That is because the problem with coding schemes occurs no 
matter which solution is adapted. Also, more channels require the user to alter which channels 
the MS should listen to, when travelling through different countries which is impractical. 

The usage of one, global, emergency channel is hard to realise since that requires a 
standardisation between all countries. In our opinion this may be achieved first in the long run 
and until then, the usage of separate channels seems to be necessary. An important aspect is 
how the user shall know which emergency channels are in use in a particular country. That 
information most be distributed to the use and our suggestion is the usage of CB index 
messages. 

Concerning the use of only one emergency channel we have come to two different 
conclusions, one short term and one long term solution, for how the coding schemes should be 
used for CB. Both solutions presume that the manufactures develop their MSs according to 
the Handset Requirements Specification (2006), but the changes are of different extents.  

The easiest solution, which we suggest as a short term solution, is to use the coding scheme 
“language unspecified” together with the twenty languages which can be stated in binary. The 
suggestion is to in addition to CB messages with different coding schemes, always send out 
one or more messages with language unspecified. We believe all new MSs will handle these 
coding schemes properly since this is a mandatory demand from the Handset Requirements 
Specification (2006). A drawback of this solution is that the coding scheme presumes the 
usage of GSM 7 bit alphabet coding which means that MSs which are set to only UCS2 
coding will not be able to interpret these coding schemes.  
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In the long term we think that the best solution is to state the language with a letter 
abbreviation since this makes all languages of the world available. Also in this long term 
solution we suggest that one or more messages with language unspecified shall be sent out. 
Using the letter abbreviation is only as an optional requirement in the Handset Requirements 
Specification which makes us think it might take a while before this implementation is carried 
out. On the other hand, this solution will be possible to use worldwide if or when the MSs will 
be able to interpret both GSM 7 bits and UCS2 alphabet coding, and is therefore worth 
implementing. Since we did not manage to test the letter abbreviations properly, that could be 
a future investigation.  
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Appendix A. Battery consumption measurements - test 
results 

Calculation of the oscilloscopes average deviation 
The oscilloscope Agilent 54622 D has a built-in deviation whose average we calculated here.  
 Average (V) Max (V) Min (V) Standard deviation (V) 
Measurement 1 -0,000389 -0,000325 -0,00045 1,17751E-05 
Measurement 2 -0,000389 -0,000325 -0,00045 1,17751E-05 
Measurement 3 -0,0003345 -0,000325 -0,0003875 2,24613E-05 
Measurement 4 -0,000288125 -0,0002625 -0,000325 3,07704E-05 
Measurement 5 -0,00034325 -0,000325 -0,0003875 2,84461E-05 
Measurement 6 -0,000329125 -0,0002625 -0,0003875 1,78763E-05 
Measurement 7 -0,0003515 -0,000325 -0,0003875 3,09178E-05 
Measurement 8 -0,000350625 -0,000325 -0,0003875 3,07704E-05 
Measurement 9 -0,0003255 -0,0002625 -0,0003875 7,89777E-06 
Measurement 10 -0,000369375 -0,000325 -0,0003875 2,83885E-05 
Total -0,000347 -0,0002625 -0,00045  

Test case 1. Idle mode without listening to CB 

Setting 1 
All the following illustrations belong to Sony Ericsson K700i and come from the testing 
environment of Ericsson’s Technical Lab.  
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All the following illustrations were obtained with the Sony Ericsson K700i in university 
testing environment.  
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Setting 2 
Below follows tables, one for each MS and testing environment showing results of each 
measurement taken for test case1. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,00453125 0,007125 0,004 0,00117503 
Measurement 2 0,0049875 0,007125 0,004 0,0014543 
Measurement 3 0,005225 0,01025 0,004 0,001626 
Measurement 4 0,005869 0,013375 0,004 0,002464 
Measurement 5 0,005125 0,013375 0,004 0,001697 
Measurement 6 0,008231 0,01 0,006875 0,00155 
Measurement 7 0,008338 0,01625 0,006875 0,001622 
Measurement 8 0,008613 0,01 0,006875 0,001554 
Measurement 9 0,009837 0,019375 0,006875 0,001623 
Measurement 10 0,008494 0,01625 0,006875 0,001752 
Measurement 11 0,008694 0,01 0,006875 0,001543 
Measurement 12 0,008625 0,01 0,006875 0,001553 
Measurement 13 0,009156 0,01 0,006875 0,001389 
Measurement 14 0,0086 0,01 0,006875 0,001556 
Measurement 15 0,009187 0,01 0,006875 0,001372 
Total 0,00749196 0,019375 0,004
Sony Ericsson K700i in Ericsson’s testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,0088 0,009875 0,00675 0,00148599 
Measurement 2 0,00956875 0,013 0,00675 0,000971212 
Measurement 3 0,0089625 0,013 0,00675 0,001435999 
Measurement 4 0,008125 0,009875 0,00675 0,001552763 
Measurement 5 0,00748125 0,009875 0,00675 0,001324363 
Measurement 6 0,0085 0,013 0,00675 0,001662329 
Measurement 7 0,00819375 0,013 0,00675 0,00157204 
Measurement 8 0,0082375 0,013 0,00675 0,001574739 
Measurement 9 0,00785625 0,013 0,00675 0,001521841 
Measurement 10 0,00829375 0,013 0,00675 0,001576416 
Measurement 11 0,00853125 0,009875 0,00675 0,001548661 
Measurement 12 0,00921875 0,013 0,00675 0,001850362 
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Measurement 13 0,00845 0,009875 0,00675 0,001557997 
Measurement 14 0,0083125 0,009875 0,00675 0,001564065 
Measurement 15 0,00865625 0,013 0,00675 0,001563752 
Total 0,008479167 0,013 0,00675  
Sony Ericsson K700i in university testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,01 0,01 0,01 2,55043E-17 
Measurement 2 0,010025 0,013125 0,01 0,000278667 
Measurement 3 0,01 0,013125 0,006875 0,000656162 
Measurement 4 0,00924375 0,013125 0,006875 0,001396968 
Measurement 5 0,00906875 0,013125 0,006875 0,001457843 
Total 0,0096675 0,013125 0,006875  
Nokia NGage in Ericsson’s testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,01015625 0,013 0,00675 0,001289382 
Measurement 2 0,010275 0,013 0,00675 0,001967531 
Measurement 3 0,0104375 0,013 0,009875 0,001201788 
Measurement 4 0,00980625 0,013 0,00675 0,000956594 
Measurement 5 0,009425 0,013 0,00675 0,00216557 
Total 0,01002 0,013 0,00675  
Nokia NGage in university testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,01274375 0,0175 0,01125 0,002030915 
Measurement 2 0,0132 0,0175 0,01125 0,001651178 
Measurement 3 0,0125625 0,0175 0,008125 0,001822924 
Measurement 4 0,01183125 0,014375 0,008125 0,001264492 
Measurement 5 0,01170625 0,014375 0,008125 0,00112214 
Total 0,01240875 0,0175 0,008125  
Ericsson T28 in Ericsson’s testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,013 0,013 0,013 5,10085E-17 
Measurement 2 0,0131125 0,016125 0,009875 0,001021822 
Measurement 3 0,0135 0,01925 0,013 0,001180429 
Measurement 4 0,0131 0,016125 0,013 0,000550551 
Measurement 5 0,01384375 0,016125 0,013 0,001388763 
Total 0,01331125 0,01925 0,009875  
Ericsson T28 in university testing environment. 
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Setting 3 
All the following illustrations were obtained with the Sony Ericsson K700i in the testing 
environment of Ericsson’s Technical Lab. 

 

 
All the following illustrations were obtained with the Sony Ericsson K700i in university 
testing environment.  
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Test case 2. Idle mode while listening to CB 

Setting 1 
All the following illustrations were obtained with the Sony Ericsson K700i in the testing 
environment of Ericsson’s Technical Lab. 
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Setting 2 
Below follows tables, one for each MS showing results of each measurement taken for test 
case2. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,0049375 0,01025 0,004 0,001447077 
Measurement 2 0,00556875 0,01025 0,004 0,002427066 
Measurement 3 0,0050125 0,01025 0,004 0,0020632 
Measurement 4 0,00475 0,01025 0,004 0,001614551 
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Measurement 5 0,0045625 0,01025 0,004 0,001295816 
Measurement 6 0,0082 0,01 0,006875 0,001545891 
Measurement 7 0,00860625 0,01 0,006875 0,001554916 
Measurement 8 0,00865 0,01 0,006875 0,001549533 
Measurement 9 0,00906875 0,01 0,006875 0,001430742 
Measurement 10 0,0095875 0,01 0,006875 0,001058843 
Measurement 11 0,00960625 0,01 0,006875 0,001038068 
Measurement 12 0,0086875 0,01 0,006875 0,001543915 
Measurement 13 0,008575 0,01 0,006875 0,001557997 
Measurement 14 0,0082 0,013125 0,006875 0,001558499 
Measurement 15 0,0090875 0,01 0,006875 0,001422305 
Total 0,00754 0,013125 0,004  
Sony Ericsson K700i in Ericsson’s testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,0102875 0,013125 0,01 0,000904111 
Measurement 2 0,0100875 0,013125 0,01 0,000516056 
Measurement 3 0,01000625 0,013125 0,01 0,000139754 
Measurement 4 0,0214125 0,025625 0,01625 0,001863525 
Measurement 5 0,00898125 0,013125 0,006875 0,00150581 
Total 0,012155 0,025625 0,006875  
Nokia NGage in Ericsson’s testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,01946875 0,02375 0,0175 0,001523178 
Measurement 2 0,01019375 0,014375 0,005 0,002083804 
Measurement 3 0,00945 0,014375 0,005 0,001887857 
Measurement 4 0,0115 0,0175 0,005 0,00234422 
Measurement 5 0,00928125 0,014375 0,005 0,001646657 
Total 0,01197875 0,02375 0,005  
Ericsson T28 in Ericsson’s testing environment. 

Setting 3 

All the following illustrations were obtained with the Sony Ericsson K700i in the testing 
environment of Ericsson’s Technical Lab. 
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Test case 3. The display of the MS is illuminated 

Setting 2 

Below follows tables, one for each MS showing results of each measurement taken for test 
case3. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,186675 0,188 0,184875 0,001545891 
Measurement 2 0,1844 0,188 0,18175 0,001270252 
Measurement 3 0,1977 0,2005 0,19425 0,001052391 
Measurement 4 0,19758125 0,2005 0,19425 0,000977479 
Measurement 5 0,1975 0,2005 0,19425 0,00067382 
Total 0,19277125 0,2005 0,18175  
Sony Ericsson K700i in university testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,21698125 0,222375 0,213 0,00176656 
Measurement 2 0,2231125 0,228625 0,216125 0,002103778 
Measurement 3 0,22545625 0,228625 0,222375 0,001818097 
Measurement 4 0,21768125 0,2255 0,213 0,003010158 
Measurement 5 0,21714375 0,222375 0,213 0,001987591 
Total 0,220075 0,228625 0,213  
Nokia NGage in university testing environment. 
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 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,04435 0,0505 0,041125 0,002081972 
Measurement 2 0,0419 0,047375 0,038 0,002599353 
Measurement 3 0,042375 0,0505 0,038 0,002203056 
Measurement 4 0,0417625 0,0505 0,034875 0,003266439 
Measurement 5 0,0416125 0,047375 0,034875 0,00209296 
Total 0,0424 0,0505 0,034875  
Ericsson T28 in university testing environment. 

Test case 4. A call in progress  

Setting 2 

Below follows tables, one for each MS showing results of each measurement taken for test 
case 4. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,1127125 0,138 0,091125 0,010477851 
Measurement 2 0,12580625 0,159875 0,091125 0,013333466 
Measurement 3 0,1116 0,147375 0,088 0,011143914 
Measurement 4 0,12173125 0,14425 0,103625 0,007423338 
Measurement 5 0,1018375 0,122375 0,08175 0,007017627 
Total 0,1147375 0,159875 0,08175  
Sony Ericsson K700i in university testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,11290625 0,13175 0,097375 0,006356418 
Measurement 2 0,10851875 0,13175 0,09425 0,007280982 
Measurement 3 0,104225 0,1255 0,091125 0,005824655 
Measurement 4 0,106225 0,122375 0,088 0,006327624 
Measurement 5 0,1040375 0,1255 0,091125 0,005773561 
Total 0,1071825 0,13175 0,088  
Nokia NGage in university testing environment. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,1267125 0,153625 0,10675 0,008109917 
Measurement 2 0,1631875 0,184875 0,134875 0,010270751 
Measurement 3 0,158375 0,18175 0,141125 0,009208398 
Measurement 4 0,158625 0,191125 0,128625 0,013442953 
Measurement 5 0,1584875 0,1755 0,141125 0,006719922 
Total 0,1530775 0,191125 0,10675  
Ericsson T28 in university testing environment. 
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Test case 5. Other functions are activated 

Setting 2 
Below follows tables, one for each MS showing results of each measurement taken for test 
case 5. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,22195 0,2255 0,21925 0,00112571 
Measurement 2 0,22423125 0,228625 0,21925 0,001900616 
Measurement 3 0,22680625 0,23175 0,2255 0,001580483 
Measurement 4 0,2276375 0,23175 0,2255 0,0016077 
Measurement 5 0,2110625 0,213 0,209875 0,001518352 
Total 0,2223375 0,23175 0,209875  
Sony Ericsson K700i in university testing environment. Java game. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,085 0,091125 0,08175 0,002003957 
Measurement 2 0,07383125 0,078625 0,066125 0,002440831 
Measurement 3 0,071825 0,078625 0,066125 0,002417022 
Measurement 4 0,07223125 0,078625 0,066125 0,002175982 
Measurement 5 0,07375 0,078625 0,06925 0,002172643 
Total 0,0753275 0,091125 0,066125  
Sony Ericsson K700i in university testing environment. Mp3-player. 
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,2742875 0,278625 0,272375 0,001537106 
Measurement 2 0,25945 0,263 0,25675 0,001795623 
Measurement 3 0,261525 0,26925 0,253625 0,002465506 
Measurement 4 0,2593875 0,266125 0,253625 0,002852717 
Measurement 5 0,26029375 0,266125 0,253625 0,002572008 
Total 0,26298875 0,278625 0,253625  
Sony Ericsson K700i in university testing environment. Camera with flash light.  
 Average (A) Max (A) Min (A) Standard deviation (A) 
Measurement 1 0,03425625 0,038 0,028625 0,002652086 
Measurement 2 0,03451875 0,038 0,03175 0,002367901 
Measurement 3 0,03511875 0,04425 0,028625 0,002776673 
Measurement 4 0,0349625 0,041125 0,028625 0,003689623 
Measurement 5 0,038325 0,047375 0,03175 0,003507391 
Total 0,03543625 0,047375 0,028625  
Ericsson T28 in university testing environment. Game. 
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Appendix B. Language support investigation test results 

Test cases 
4. Language stated binary 

5. Language unspecified 

6. Language in letter abbreviation 

7. UCS2 alphabet coding 

8. Reserved coding schemes  

MS setting all languages 
  A B C D E 
  K700i K600 T28 R520 NGage 6610 E720 

0000 0001 X X X X X X X Case 1 
0000 0110 X X X X X X X 

Case 2 0000 1111 X X X X X X X 
Case 3 0001 0000 I I n.I n.I I I n.I 
Case 4 0001 0001 X X X X X X X 

0001 0010 X X E E X X X 
0010 0101 X X X X X X X 

Case 5 

0011 0000 X X X X X X X 
X = Received 

E = Received but empty 

I = Received and interpreted the language abbreviation 

n.I = Received but the language abbreviation was not interpreted  

MS setting Swedish only 
  A B C D E 
  K700i K600 T28 R520 NGage 6610 E720 

0000 0001 - X - - - - - Case 1 
0000 0110 X  - X X X X X 

Case 2 0000 1111 X X - - - - - 
Case 3 0001 0000 - - - - - - - 
Case 4 0001 0001 - - - - - - - 

0001 0010 X X - - - - - 
0010 0101 X X - - - - - 

Case 5 

0011 0000 X X - - - - - 
X = Received 

- = Not received 
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