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PREFACE

This thesis represents our 10 weeks long Bachelor’s project at Ericsson Erisoft AB in
Ursviken at section T/TT.

This project is the final assignment to get our bachelor’s degree in computer engineering
at Luleå University of Technology, the institution in Skellefteå.

We would like to give a thank you note to everyone at T/T that helped us during our
project. No - one mentioned, no - one forgotten…

Ursviken 2000-06-21

Annika Nilsson
Stina Öhlund
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1 Introduction

1.1 Background

 In GSM there is a circuit switched data service, which works like a regular phone
modem, with the exception that it only can do 9600 bits/sec in good radio
communications and a lot less in poor radio communications.

A product to test this phenomenon is being developed at Ericsson Erisoft AB in
Ursviken.
This Bachelor´s project is a pre-study to this product and the purpose is to measure
PortThroughPut and ServiceThroughPut and compare it to RxLev and RxQual, to see if
PortThroughPut is a good testing tool for quality.

1.2 Purpose

The purpose of this thesis is to measure RxQual, RxLev, PortThroughPut and
ServiceThroughPut and see if there is any correlation between them when the radio
communication changes.
The measurements were made by transferring files with the FTP protocol, between a
laptop and an FTP server through a GSM mobile phone with a built-in modem.

• RxQual: Signal quality, measured by TEMS – investigation.
• RxLev: Signal strength, measured by TEMS – investigation.
• PortThroughPut: Amount of signs transferred between GSM mobile phone and ftp
– server, measured 2 times/second. Measured by our software program.
• ServiceThroughPut: Performance the user is experiencing. How long it takes to
transfer/receive a file. Measured by our software program.
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1.3 Thesis

This thesis was carried out as a project according to Ericsson´s project model, called
PROPS.
After a short description and some research, we made a project specification.
The specification contained the purpose and background of the thesis and a time
schedule, including milestones and tollgates to help us keep on track.
The specification also contained information on what equipment we needed, to carry out
this project. Both software and hardware.
We also described what documents and presentations the university and our employer
expected from us.

1.4 Tutorial, time and place

For tutor we were designated Rolf Olofsson, head of the T/TT section at Ericsson
Erisoft AB in Ursviken.
The work was performed at Ericsson Erisoft AB, and the roads surrounding Skellefteå,
during 10 weeks.
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2 Methods

2.1 Hardware

To carry out this project we needed to supply our laptop with 4 additional serial
communication ports. (Total 5).

Quatech has made a 4 port PCMCIA card. Because it is very rare to find 4 ports
PCMCIA cards we had to struggle a bit to find a salesman in Skellefteå.

                                 

One of the COM ports was connected to a GSM mobile phone with a built-in modem
and TEMS software.

The data cable between the laptop and the mobile phone were spliced with two
additional serial cables, which were connected to two of the serial ports on the laptops
PCMCIA card, to be able to “eavesdrop” on the data sent between laptop and mobile
phone.
One of these two cables was used to listen to the sent data and the other was used to
listen to the received data.

One of the two remaining ports was connected to TEMS – investigation.
The last port was supposed to be connected to a GPS receiver that we had been supplied
with in the beginning of the project. As the project progressed we decided to ignore it,
since we didn’t have any use for it.

For splitter we used COM Watch Adaptor RS232 for serial link, which we had been
supplied with from our tutor.
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2.2 Software

Through the phone modem we connected to an ftp – server which we could send and
receive files to/from.
To send and receive files we used the MsDOS ftp program, which is included with the
Win 32 operating systems.

We wrote a program which checks how many signs that have been transmitted on the
two eavesdropping COM ports.
Two times per second it checks how many signs that have been transferred between
phone modem and laptop and saves the result to file. (PortThroughPut)
The program also checks the amount of signs transferred totally during the file transfer,
and what time it took to complete the transfer. (ServiceThroughPut)

The software was written in C++ in the Visual Studio 6.0 environment in Win NT 4,0.

2.3 TEMS – Investigation

Ericsson Erisoft AB in Ursviken has developed a product family called TEMS.

                               

TEMS – investigation is a product developed to measure functions and quality in air
interfaces of mobile networks.
It uses laptops, specially programmed mobile phones and GPS – equipment to measure
and analyse problems in the mobile communication.

TEMS Investigation is designed for senior RF engineers and networks specialists and
can be used during all stages of a networks life cycle.
TEMS investigation is invaluable in the endeavour to make a perfect mobile network
with maximum quality of the delivered services.

Signal strength and quality parameters (including the Ericsson Speech Quality Index –
the SQI) can be presented in user-defined information windows and a map.
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The user can set up workspaces with predefined as well as user-defined windows
containing just the information the user needs.

During drive tests, predefined and user configured events are used to locate network
faults.
The events are indicated geographically on a map as well as by sounds and signals,
making it a breeze to discover faults in the network.

When problems are found they need to be identified. Missing neighbours and other
neighbour relations can be checked using the cellname file. It's also possible to test
functions such as cell reselection and to force handoffs/handovers. Complete control of
the Layer 3 messages (GSM only) allow testing of, for example, what happens if
messages arrive too late or are corrupted.

When the problems are identified and solved, TEMS Investigation can verify the
expected network behaviour.

TEMS Investigation has a large number of features and can, among other things, be used
for:

• fault-tracing and trouble-shooting
• simulation and verification of possible network changes
• quality measurements and improvements
• coverage measurements and improvements
• capacity measurements and improvements
• system testing (verification of new and existing functions)
• prediction verifications
• initial tuning

In this project TEMS investigation was used to measure RxQual and RxLev (signal
quality and signal strength) during drive tests and later compare these to PortThroughPut
and ServiceThroughPut to see if there was any correlation between them.
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2.4 Drive tests

When the hardware and software were working properly, we went out in a car to collect
data during changing receiving conditions.

In an early stage we decided not to use the GPS receiver we had been supplied with in
the beginning of the project.
The program did not have any use for it and it was a little complicated to keep track of
all hardware and cables during our drive tests.

TELIA has a very good radio signal back up in Skellefteå. The GSM mobile phone
automatically changes to a different channel with better back up when the receiving
conditions get worse.

Because of this we tried to lock the phone to listen to one specific channel on the GSM
station. This can be achieved in TEMS – investigation.
This resulted in a lot of dropped calls because of too bad connections.
Therefore we decided to skip the channel lock and do our drive tests where the radio
signal backup was a little worse.
We also tried to use Europolitan instead of Telia for operator, since Europolitan has a lot
worse net coverage in Skellefteå.

While driving we sent files in different sizes between the laptop and the FTP server.

When we had collected enough data to analyze, we went back to the office and started
comparing our data with the data from TEMS – investigation.
Diagrams were made in Microsoft Excel 97, and from these we tried to find correlations
between the different data.
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2.5 Modem and connection settings

The modem in the mobile phone has a buffer, which fills up when there is poor radio
communications.
Therefore it can be hard to see any changes in the amount of signs sent to the mobile
phone when a short file is sent and the radio communications is very varying.

To get the buffer to fill up faster we tuned up the speed on the serial ports to 115 200
bits/sec.
The speed in which we sent the data over the air interface was still 9 600 bits/sec, so
when there was a degradation in radio communications on the air interface, the buffer
filled up faster and we could see the degradation on the data cable.

To change the settings in a phone modem you can send AT – commands to it.
AT-commands can be put under “advanced” in “properties” for a specific “dial-up

An AT-command does not change the settings forever. The AT command is set every
time the “dial-up” connection is used. Different AT commands can be used for different

If the data is being compressed by the phone modem the flow of data through the serial
cable is dependent on how well the modem has been able to compress the data.
This can result in that a compressed file takes longer time to transfer then an
uncompressed file.
To avoid this we turned off the modem compression.

The modem compression is turned of with the AT command:
AT+DS=0,0,512,6

When TCP/IP is used in poor radio communications, the header compression can make
the data flow stop temporarily when a compressed TCP/IP package is being dropped.
This happens because the state machines which handles the header compression must be
re - synchronised and that all packages with compressed headers, going through the
compressor but not yet been received, will be lost.
(These lost packages will naturally be resent by TCP).

The header compression can be turned off in the “TCP/IP settings” in the “properties”
for the specific “dial – up” connection.
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In the settings for a dial-up connection the PPP protocol compression can be turned off
as well, which we did in our Bachelor’s project.

To be sure that we did´n miss to turn off any compression made by the different network
protocols in our connection, we also sent pre-compressed files through the data cable
The files were pre-compressed with WinZip.

             

In our Bachelor’s project used the built-in modem in an
Ericsson R320s GSM mobile phone with TEMS software in it.
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3 Results

3.1 Diagram – Sent file



Dokumentnamn - Document name

Bachelor´s thesis
Uppgjord - Prepared Tfn - Phone Datum - Date Rev Dokumentnr - Document no

T/TT Annika Nilsson, Stina Öhlund +46 910 731054 2000-06-21 PA1
Godkänd - Approved Tillhör/referens - File/reference

Sida - Page
13 (21)

E
ri

cs
so

n 
E

ri
so

ft
 9

/S
94

:0
02

 R
ev

 E

3.2 Diagram – Received file
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3.3 Discussion

During our drive tests we didn’t manage to get any correlation between the different
data.
This is because during normal radio communications GSM has a lot of fault handling to
prevent the user from seeing any temporal degradation in quality.

To see any correlation RxLev had to be 1 or lower. RxLev gets this value just before the
call gets dropped. It is very difficult to get this value during drive tests and not lose the
call. Therefor we tried to wrap aluminium foil around the antenna of the mobile phone,
to manage to get this low value.
The diagrams above show the results when using aluminium foil to disturb the radio
communications.

In normal radio communications the mobile phone listens to three different frequencies
and only one frequency can be disturbed at one time.
When using aluminium foil around the mobile phone antenna, all three frequencies are
being disturbed at one time.

Still we used this method, because it is hard to find any correlations during drive tests
since the calls very easily gets dropped when the radio communications are poor.

As shown in the diagrams in section 2.6, the results were dependent on whether we were
sending or receiving files on the data cable.

When receiving files from the ftp server, we got a very good correlation between the
different data.
When sending the data to the ftp server we didn’t get the same correlation.

Our theory is that when a file is received the data has “flown” over the air interface, so
when there is poor radio communications the modem only receives the amount of signs
the air interface provides it with. The modems buffer never fills up, and the data is sent
over the data cable in the same speed as it has been received in the buffer.
This results in a less amount of signs on the data cable between the laptop and the
mobile phone, when the radio communications over the air interface are poor.

When files are sent from our laptop, the data is sent to the modem.
If there is poor radio communications over the air interface, we still send data in the
same speed to the modem. If the modem can’t sent the files on over the air interface, the
buffer will be filled up and sent when the conditions get better.
We won’t see any change in the amount of sent signs until the buffer in the phone has
filled up.
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To be able to see any result there has to be poor radio communications during a rather
long period of time, and still the results on the data cable will be very delayed.

Because we sent signs faster to the modem than it could send it on over the air interface,
the buffer in the phone modem got filled up at regular intervals.
This phenomenon explains why we sometimes got “dips” in our diagrams even if the
radio communications were fairly good even over a long period of time.

When studying ServiceThroughPut (time to transfer file), we could see that when the
radio communications was worse the file took longer time to transfer.
This is because the protocols have to make more re-sends of the data and the amount of
signs sent will increase.
However, this theory did not always agree with the results.
When the buffer fills up in the modem. It needs some time to “restart” and does not send
any signs during this period of time.
This resulted in that a file sent during fairly good radio communications could take the
same time to transfer as a file sent during poor radio communications, if the buffer filled
up equally many times.
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4 Application

4.1 System requirements

To be able to use our application you need to connect a laptop to a mobile phone with
TEMS software and a built-in phone modem.
The laptop must be supplied with a 4 port PCMCIA card.
The connection also requires a serial cable splitter to be able to eavesdrop on the data
sent over the data cable.
How the connections should be made can be read in section 2.1 Hardware.
The laptop must run with Win 95 or Win 98.

An FTP program must be used to send and receive files to and from the FTP server.
For example the MsDOS FTP program, which is included with Microsoft’s Win 32
operating systems.

The user needs to have access to an FTP server to send and receive files to and from.

The user also needs a car to be able to make drive tests and a pack of aluminum foil for
tests on a stationary place.

The laptop must have TEMS investigation installed on it.

The laptop must be configured as described in section 2.5 Modem and connection
settings.
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4.2 Functionality

The application is a very simple and easy program to use.

       At start-up the user is faced by this graphical implementation.

The first thing the user has to do is mark if he/she wishes to send or receive files on the
serial port.
This is necessary for the program to know what COM port to read from.
Then the user has to press the start button.

When pressing the start button the user is asked to enter what file the results should be
saved to.
By default the file “XworkLog.txt” file is suggested, but the user can change it to
something else.
The same file can be used several times without printing over the previous data.
The new data is always put at the end of the file, so several measurements can be
presented in the same file.
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When the user presses the OK button the reading on the serial port will begin.
It should not be pressed until the following steps have been made:

First a dial-up connection has to be made in the laptop.
The dial-up connection has to connect to the phone number on the FTP server. (Of
course).

When the FTP server has answered the call an FTP login has to be made.
Start the FTP program and connect to the specified IP number.
Type in the correct user name and password.

Select a suitable file to send to or receive from the FTP server.

Before starting the file transfer TEMS investigation has to be started, and
the mobile phone has to be connected to the worksheet.

TEMS investigation will then show all the stations the mobile phone is in contact with.
Select a cell with high RxLev (signal strength) and lock the phone to listen to it.

Then TEMS investigation will have to start recording the different data it is receiving
from the network. Choose a suitable file name and start the recordings.

Press the OK button in the ChoseFileDialog in the program we made and then start the
FTP transfer.

The program has now begun to read the amount of signs transferred on the data cable.

Put the car in motion and try to find roads that have poor radio communications – but
not too poor. We would not like to lose the call.

When the transfer is completed the file can be read in the program by choosing file/open
and select the appropriate file.
Files with old measurement can also be read in the program.
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The file will open in the main window of the program.

To be able to see the correlations between the measurements made in our program and
the ones made in TEMS investigation the logfile in TEMS investigation has to be
exported to text format.

This can be achieved in TEMS investigation.

Then the different data must be put in Microsoft Excel 97 for analyse.

We have also made an equivalence program without graphical interface to run in the
MsDOS console.
This is the version we used during our drive tests.
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5 Conclusion

This thesis shows that PortThroughPut is a good testing tool for quality.

When receiving a file from an FTP server there is a good correlation between the
amount of signs transferred over the data cable and RxLev and RxQual measured by
TEMS investigation.

When sending a file to the FTP server the correlation is not as obvious as when
receiving files from the FTP server.
Still we could see the same correlation, just a little delayed. The buffer size in the
modem is responsible for the delay in the resulting diagrams.

The buffer in the phone modem can not be configured. Therefore we must accept the
delays it provides.
The only thing we could effect is the speed, which we sent signs to the modem in, by
tuning up the serial ports to make the phone buffer fill up faster.
We tuned up the serial ports to 115 200 bits/sec, which is about the maximum speed the
ports can handle.

When studying ServiceThroughPut, we could see that the files took longer time to
transfer if the radio communications were poor.
This is because the protocols have to make more re-sends, and the amount of signs sent
over the data cable will increase.
But this theory did not always agree with the results.

When the buffer in the modem fills up, the modem needs some time to “restart”.
During this period of time the modem doesn´t send any signs at all.
This resulted in that a file sent during good radio communications, could take the same
time to transfer as a file sent during poor radio communications. Provided that the buffer
filled up equally many times.
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