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The purpose of this Bachelor's thesis was to imertve software and methods
developed for testing different network technolsgised in smart phones.

Smart phones are thoroughly tested to assure snusethexperience and the best
functionality. The test development in the netwongkarea is a continuous process as
new technologies and platforms are being simultasigadeveloped. The aim of this
thesis was to improve the network test module daflehti. Sahti is used for testing

network technologies implemented in smart phonesdban the Symbian OS.

The theoretical part of this thesis covers the usetivork technologies and the
principles of software testing in general. The agappart of the thesis discusses the

improvements made for Sahti’s functionality, tesses, and documentation.

The work was successfully completed and the sesgeare met. The test module
now offers better user experience for test engsadéyng with new and improved
test cases. Suitable corrections and additions mewe both to the test case and test

module documentation.
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Taméan opinnaytetyon tarkoituksena oli syventaa jdaeki osaamista eri
verkkoteknologioihin liittyen, sek&a kehittdd tedtaessa kaytettavdad ohjelmistoa

vaatimusten mukaan.

Alypuhelimia testataan kattavasti, jotta kaytetg@mnja toiminnallisuus nousevat
julkaisun vaatimalle tasolle. Verkkoteknologioihiiittyva ohjelmistotestaus on
jatkuva  prosessi johtuen teknologioiden kehittyrsige sekd uusien
ohjelmistoalustojen  kayttdonotosta. Taman lopputydouitteissa  pyrittiin

parantamaan Sahti — testimoduulia. Sahdin avulat@an matkapuhelinverkkojen ja

eri tiedonsiirtoteknologioiden toimintaa Symbiarhosissa alypuhelimissa.

Opinnaytetyon teoriaosuus kattaa Suomessa ylelsgdetyt verkkoteknologiat seka
ohjelmistotestauksen yleiset periaatteet. Kaytanty@n sisdltaneessa osuudessa
kasitelladn Sahtiin tehdyt parannukset, uusien itagstuksien luonti, seka

dokumentaation paivittdminen.

Ty6 onnistui odotusten mukaan ja sille asetetubiteeet saavutettiin. Testimoduuli
on nyt kaytettavyydeltaan parempi ja pitaa sisalléénhojen testien liséksi joukon
uusia. Testimoduulin ja yksittéisten testitapaustekumentaatiota korjattiin tarpeen

mukaan tyon edetessa.



FOREWORD

The work was done for Digia Plc, one of the largasfitware houses in Finland.
Digia offers information and communication techmgylsolutions worldwide, and is
best known for its strength in developing softwaral solutions for smart mobile

devices.

This thesis was written in English for the follogimeasons; for one, the books
concerning the technologies in question are writtenEnglish. Secondly, the

terminology has, at least for most parts, neventienslated into Finnish. Basically
| saw it easier and more sensible to have evemythintten in English. Now the

thesis can be read by anyone, not just by natines=i

The work done for this thesis has already showretgery useful. My competence in
the networking area has grown, making the work ezasnd hopefully more
productive. | would like to thank both Yrj6 AuranfS8AMK) and Vesa Poikajarvi
(Digia) for the support and recommendations givegarding this thesis and for
everyday work. | would also like to thank my commaw wife Riikka Rajala and

my son Kaapo for bearing with me during the writprgcess.

Tampere, 7th January 2009

Joonas Jokinen
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1 INTRODUCTION

The purpose of this thesis is to review, evaluatel improve the testing methods
used in testing different data transfer technolgiemobile phones. It consists of the
following three larger sections. These are thenmeth details of the data transfer
technologies and the Symbian platform, theory ametse of software testing, and

the improved test software.

During the past twenty years the cellular netwdr&ge improved greatly in terms of
reliability, coverage, and efficiency. The fast d®pment of smart phones has

enabled the use of the Internet with speeds saviatable only in homes or offices.

This thesis focuses on the different aspects ofinggsmodern data transfer
technologies in smart phones utilizing the Symhp#atform. Testing is needed to
ensure smooth operation when services offered byl @6 UMTS networks are
used. This thesis will cover GSM and UMTS -basetivaoek technologies as they

are used here in Finland.

The work consists of a review of the Sahti test ub@dand the implementation of
new features and test cases. Changes are made dasheé findings and other
requirements. Another objective of the thesis ide¢epen the authors understanding
of the subject area and thus support the everydal im maintaining and improving

the quality of testing in the networking area.
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2 DATATRANSFER TECHNOLOGIES IN MOBILE NETWORKS

2.1 Standardization

In order to make mobile networks, coding schemed, @gata transfer technologies
widely used, and easily adoptable standards hage beeated. Telecommunication
standards are under constant development. Stamdaoti organizations are
collaborations of hundreds wireless operators amdufacturers from all over the
world. GSM standardization was originally handledy b European

Telecommunications Standard Institute, ETSI. Latee, 3 Generation Partnership
Project (3GPP) has continued the standardizatioogss with the GSM EDGE radio
access network (GERAN) and UMTS terrestrial radiceas network (UTRAN). /1/

GSM specification was done in two phases in orddnave appropriate features on
both the terminal and the network side. Some ofrttzen features introduced in
Phase 1 were basic telephony, emergency calls, stataces (max. 9600 kbps),
ciphering, authentication, and the short messageicee SMS. Time division
multiple access (TDMA) was chosen for GSM radio ramxtivity channel access
method. With TDMA a piece of data is sent in omadtislot while other slots are
used by other clients. TDMA allows multiple simulénus connections to be used on
the same frequency channel. In order to reduceettpeired bit-rate for voice calls,

linear predictive coding (LPC) was specified toused. /1/

At the point when first GSM networks were builtetetandardization continued to
Phase 2. After October 1995, the Phase 2 spedificatas completed and new
technical improvements were introduced. Line ideraiion, call waiting, call hold

and multi-party calls were some of the supplemgrgarvices introduced at the time.
For allowing the evolution of the specificationgetleross-phase compatibility and

error-handling procedures were specified. /1/

After the summer of year 2000, work for the GSMioaspecification was continued
by the 3GPP. Transition was made in order to im@rbe standardization process.
The standardization work was continued under aleiagganization to simplify and

streamline the creation and evolution of the stesglaThe changes led to the
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integration of WCDMA and GSM/EDGE, creating the muhdio UMTS standard
used today. /1/

The 3GPP organization consists of several diffestahdardization organizations
and the target is in creation of specifications floe global 3G cellular system.
Technical work is done by operators and vendowiffierent technical specification
groups (TSGs). Under the TSGs the specificatiamkws shared between five

working groups which all have domain specific respbilities. /1/

2.2 GSM

GSM system was conceived and appeared mainly bedaese was a need for a
unified standard for digital telephony system inrdpe. It was to offer better

performance, capacity, and cost efficiency whiled#ting from utilizing the same

technology in larger scale. Until the first phaseGSEM was utilized, there were
country- or area specific analog networks whictetl poor compatibility towards
each other. /2/

2.2.1Infrastructure

The basic GSM network infrastructure is shown iguire 1.

Base Station System
MS ﬁ/ &
ms ) —7/—

MS ’@«
MS&»@,
Ms @ﬁ,

MSC / VLR

Figure 1. Basic GSM infrastructure. / 1, 3/
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The base station system has the functionality reeémteestablishing and maintaining
radio connections to and from MS. It consists ofitiplie base station controllers
(BSCs) and base transceiver stations (BTSs). The transceiver station controls
the radio interface between the transceiver, aat@ma the MS. The BSC is a switch
offering necessary control functions and a physlo@# between BTSs and the
mobile services switching center (MSC). /1, 3/

Other system components handle the call procesasitlgother subscriber related
tasks. Some of the units are separate: the MSCyisiter location register (VLR),

the home location register (HLR), the authenticattenter (AUC), the equipment
identity register (EIR), a short message serviceway MSC (SMSG-MSC), the
signaling system number 7 (SS7), and the PSTN8//1,

MSC handles telephony switching and controls inc@nand outgoing calls between
different telephone and data systems. VLR is iaegt into the MSC and
temporarily stores subscriber information in a dase. Information about visiting
subscribers is stored to enable faster serviceL&siginot needed every time a call is
made from the mobile station. HLR uses a databasestbring and managing
subscriber information. It is an important parttieé network as it enables network

access for the end-user. /1, 3/

The AUC is needed for ensuring confidentiality wizecall is made. For this purpose
there are authentication and encryption parameiarsverifying identities and
protecting the security of each caller. The EIRused to store identification
information of the MS. This enables the servicevjater to prohibit calls from stolen
or otherwise unauthorized mobile stations. The 8%7telecommunications protocol
for transmitting digital data on a broadband netw(r 3/.

Text messages are operated through the short neeseagce gateway MSC (SMS-
GMSC). The operation and support system (OSS) isoh for configuring and
monitoring the system. The OSS is needed when swralarge scale maintenance
operations are done for the GSM network. The PSFdblic Switched Telephone
Network) stands for the regular old-fashioned tetape system. /1/
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2.2.2HSCSD

In the first phase of the GSM specification onlyeay basic support for data transfer
was offered. The data transfer rate was limite@.6kbps using a single time-slot.
The HSCSD was the first Phase 2+ specification iising higher data-rates./1/

The principle behind the HSCSD is that multipld-fakte traffic channels (TCH/F)
are allocated for data transfer. The data is spid combined from separate data
streams. These streams are transferred by n nwhbkannels in the radio interface,
where n = 1, 2, 3 ... 8. Figure 2 shows the baS€8D architecture. Data streams
are transferred independently and combined latemmtdch the original data.
Modulation and coding in the radio interface enaltlee use of higher bit-rates for a
single GSM time slot. Thus, with 14.4 kbps charoading and eight channels, the
maximum radio interface bit-rate for HSCSD is 11%Bps. Because of the

limitations on the network side, the maximum biere limited to 64 kbps. /1/

MS BTS BSC MSC/VLR
AR I/F ABIS IIF AlF

S D
| =

n full-rate or n time 1 circuit
slots per TDMA

o0 o0

Figure 2. Network architecture for supporting HSC&Ibnections /4/.

Because the HSCSD configuration uses multipleitrathannels, the cost for using
the service is usually high for the end-user: ausis are charged by the connection
time. The HSCSD also has a long access time tmébgork which might have a
negative impact for some services that require &msess times. Furthermore, it
needs to be noted that voice calls have higherifyjavhich in some cases can lead

to the disconnection of the HSCSD connection. /1/
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The usage of the HSCSD in modern GSM networksnstdd since other data
transfer technologies offer higher data transfeesawith lower cost. The GPRS
provides faster data transfer rates and is mort eftisient when compared to the
HSCSD. /1/

2.2.3GPRS

Soon after the introduction of GSM networks it wasalized that circuit-switched
data services were not to last. Packet-switchedvarks like the GPRS use
bandwidth and resources only when needed and hawyefast access times to the

network, unlike the HSCSD, for example. /1/

By using the GPRS for data transfers, the end-aaeraccess different networks
with protocols like the TCP/IP for Internet. Mobgéations with GPRS can use up to
eight traffic channels over the air. Channels amadically allocated when there is
data to download or upload. The GPRS can be ussehid SMS messages and to get
anonymous access to network. Theoretical maximunthfoughput is 160 kbps but

requires using all eight traffic channels and disaterror correction. /1/

The GSM system was designed mainly for making vaiaks. This means that
GPRS system had to be implemented on top of thsieginetwork elements. The
GPRS-specific functionality remains hidden from tieternal networks and the
GPRS system is seen as any other normal sub-netwasther networks, mainly the

Internet. /1/

The network architecture of the GPRS is portraye#figure 3. The most important
parts implemented were the serving GPRS suppore &{SN), the gateway
support node (GGSN) and point-to-multipoint sengeatre (PTM-SC). /1/
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MSC / VLR @

Base Station System
MS /ﬂ/

MS @%
MS%—
ws Q72—

/

GPRS infrastructure

/ Serving GPRS support \
node (SGSN) Ny
Border

7/

/

gateway (BGYy”|ntra-PLMN

Backbone network

Firewall (IP based)

/7

Gateway GPRS Firewall
support node (GGSN)

Inter-PLMN
backbone network

Point-to-multipoint service
N center(PTM SC) )

Figure 3. Functional view of GPRS system /1/.

The main component of the GPRS network, the SGSMrates the mobility
management and the authentication process togefilersome other tasks. It is
connected to the BSC and acts as a service acoggdptween the GPRS network
and the MS. When authentication of the MS is swgfagsthe registration to the
GPRS network and to the mobility management is leahtly the SGSN. It also
processes necessary protocol conversions betweebhatkbone-network and the

sub-network dependent convergence protocol (SNDP).

The GGSN is basically a router connecting the GRBi®/ork to external networks.
GPRS network remains hidden behind GGSN and is aeem sub-network by the

external networks. /1/

The PTM-SC handles point-to-multipoint servicesha GPRS network. With it, the

radio traffic can be broadcasted from one sourceuliple receiving antennas. /1/
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GPRS security is based on the original GSM requergsy The authentication
process is controlled by the SGSN. The identityhef user is kept confidential with
temporary logical link identity (TLLI). The conneéah between the international
mobile subscriber identity (IMSI) and TLLI is notsible to others except the MS
and the SGSN. The incoming and outgoing data betwee MS and the GPRS
network are protected with optimized ciphering fiumres for obtaining best results in

packet-switched data transfers. /1/

2.2.4EDGE

Enhanced data-rates for GSM evolution (EDGE) isnaprovement to GSM data-
rates. With it, the data-rate of the GPRS can teifstantly improved. The idea is to
improve the throughput of used time-slots. WhenliadgpHSCSD is called ECSD
(enhanced circuit-switched data) and GPRS is cadl&PRS (enhanced general

packet radio service). /1/

In order to gain higher throughput, an 8-PSK motiloiha (octagonal phase shift
keying) is used together with the Gaussian mininglifi keying (GMSK). In

principle, the 8-PSK signal can carry 3 bits focleanodulated symbol whereas a
GMSK signal can carry 1 bit per symbol over theigadath. The increase in
throughput has some implications as the sensitnityhe 8-PSK signal decreases.
This has to be considered in the radio networkmplan The highest data-rates can

be provided only in best circumstances. /1/

When compared to the normal GPRS, the EGPRS issuaiiar as it is implemented
as an add-on to the existing GPRS network. Thexeoaly minor changes made to
the protocols and the protocol layers. The EGPRSon& bigger extension which is
the link quality control (LQC). Within the LQC theare nine modulation and coding
schemes (MCS-1 — MCS-9) and some signaling proesdukModulation- and
coding-schemes are used to improve the data thpaigand robustness under
varying channel conditions. The peak throughputiier EGPRS is tripled from that
of GPRS. It is 473 kbps when eight time-slots aedun the radio interface. /1/
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Like the EGPRS, the ECSD uses its predecessor H&S%basis. When the ECSD
Is used, the data-rates are not enhanced when cedhfzathe HSCSD and are still
64 kbps. Instead, the benefit is that same ratedeaachieved with fewer time-slots

and the implementation is simpler for the MS. /1/

2.3 UMTS

The Universal Mobile Telecommunications System ()15 a multi-radio network
combining two existing 3G network technologies, GEBMIGE and WCDMA. One
of the main purposes of UMTS is to enhance theices\offered for the users of the
mobile networks. The traffic type being voice, \odeor data, the utilization of
universal and fast networks offers clear beneéitsbbth the end-user and the service
provider. As specification and development contsjurew products and services can
be offered for both consumer- and business usgicgsrwith high bandwidth or low
latency requirements benefit the most from the testnological advances offered
by UMTS. UMTS is standardized by the 3GPP. /1/

2.3.1Infrastructure

UMTS has a new network architecture which is desigrio allow flexible

implementation of future technologies on top of éxesting network infrastructure.
When first launched, UMTS brought some larger cleany the existing networks.
The radio access network (RAN) was to support theeadivision multiple access
(CDMA) for the air interface and asynchronous tfansmode (ATM) in the

transmission part. Software updates were deplogedhe rest of the core network
components. As radio network controller (RNC) wasvntransferring using IP,

UMTS became a step closer for being a true alld®&vark. /5/

3GPP specification refers to the base stationMsde B. Node B is a network entity
serving a single cell. In sectorized sites it il ekpected to support multiple cells
across the full spectrum of the required operafiequency. Node B is commonly
referred to as WBTS or BTS. BTS notation is usedughout this document. /5/
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After its appearance, UMTS has been developed durih subsequent releases.
Changes and improvements have made the systemseceledble and after removing
old switching solutions from the system, UMTS beeaan all-IP network. Now the
whole system operates on IP protocol and supporteash variety of services
previously not available because of the restrigieat by the old mobile telephone

network. /4/

Latest specification is from the year 2007 whereBs¢ 7 was published. Along with
other improvements, the data transfer speed fdr-figged packet access (HSDPA)
was upgraded. UMTS is now very near to a point whercan truly enable any

person-to-person services, content-to-person s=yviand business connectivity

previously available only with personal computé#ss.

2.3.2WCDMA

In normal GSM transmission only one user is tramsmgi and the others are waiting
for the time-slot to become available. In WCDMA tgyn all users transmit at the
same time and at the same frequency which imprévesuse of resources. The
technique is called code division multiple acc&sBNIA). It uses a signal-spreading
technique for the expansion of the signal frequesymgctrum. It also decreases the
overall power level. In WCDMA systems the powerdkegf transmission is reduced
by wide banding the signal frequency in this fashi@Vith the same procedure
performed to other transmitted signals, the togatesn power is still increased as all
signals are transmitted at the same time. Eachus&w increases the power of the
wideband signal. The signal spreading principlepiesented in Figure 4. In

WCDMA systems the signal is spread over the 5 Midguency band. /5/
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A
i '
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Figure 4. Signal spreading /5/.

WCDMA defines the service capabilities for differeéarminal classes. The network
receives information on the radio access capaslitf a single terminal. From these
parameters the supported data-rate can be deteln@nd used for allocating
resources for the terminal. The classes are divijespeed and supported telephone
operations. The 32 kbps class is for speech sexvibe 64 kbps class is for speech
and data services. The 384 kbps class has a nddticapability and it is aimed for
meeting the packet-data requirements of WCDMA. Tmounot actually
implemented, the 2 Mbps class is defined only fmwulink data transfer purposes.
5/

UMTS has three-layer hierarchy at the UE. A logichknnel is dedicated for
transferring information over the radio interface.transport channel handles the
transport of logical channels between the UE amdRIMNC. The air interface is a
physical channel defined by the WCDMA code anddesgy. The layer model used
in UMTS is shown in Figure 5.
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RNC

( logical channels )
C transport channels )
( physical channels )

Figure 5. UMTS channel structure /5/.

WCDMA has three transport channels for downlink keelata transfers; the
dedicated channel (DCH), the downlink-shared chia(ib8CH), and the forward
access channel (FACH). The random access chanA€lHRRis a FACH equivalent
in the uplink. These are specified in the Releastéthe WCDMA specification. /5/

The DCH transports service data (such as speeahe$a and higher layer
information (such as hand-over commands) when tRaridves to another cell and
the BTS is changed. It can also be used to transfevork measurement reports. /5/

The DSCH is used for carrying dedicated user dathcntrol information where

applicable. The DSCH supports fast power contrdh\ariable bit-rates. /5/

As a downlink transport channel, the FACH carriemitmol information to UEs
located in the cell. Packet-data can also be tearesf on the FACH. If more than
one FACH is used in one cell, higher data-rates lmarnused for the additional

channels. /5/
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The high-speed packet access (HSPA) is an upgmadeet WCDMA network. It

offers high-speed network access with significamtreases in the data transfer

speeds when compared to the standard WCDMA paekethed data. For

downlink, there is the high-speed downlink packetess (HSDPA) and for the
uplink the high-speed uplink packet access (HSUHB9th have been specified
separately in order to overcome the technical &trohs and prerequisites like the

signal power when sending data with HSUPA. /5, 6/

Being a part of the UMTS, the HSPA is also spedifiy the 3GPP. In 1990s, the
International Telegraphic Union (ITU) originally gsined for a 2 Mbps bit-rate

requirement for the IMT-2000 systems. Even thoubk specification for the

WCDMA supports 2 Mbps, the implementation does adtieve speeds over 384

kbps. The HSDPA can offer speeds up to 2 Mbps ahdikely exceed 10 Mbps in
the future when new specifications are released.ditierent HSDPA- and HSUPA-

categories are shown in Figure 6. /5, 6/

HS-DSCH Category[Max number of HSDSCH| Modulation |(Max peak rate (Mbps)
codes (SFl6)received
Category 1 5 QPSK & 16-QAM 1.2
Category 2 5 QPSK & 16-QAM 1.2
Category 3 5 QPSK & 16-QAM 18
Category 4 5 QPSK & 16-QAM 18
Category 5 5 QPSK & 16-QAM 36
Category 6 5 QPSK & 16-QAM 36
Category 7 10 QPSK & 16-QAM 73
Category 8 10 QPSK & 16-QAM 73
Category 9 15 QPSK & 16-QAM 102
Category 10 15 QPSK & 16-QAM 144
Category 11 5 QPSK only 0.9
Category 12 5 QPSK only 1.8

Figure 6. HSDPA categories /7/.

The HSPA also has other benefits like the reddatshcy and improved network

capacity. The latency and speed comparison forrathta transfer technologies is

presented in Figure 7. /6/
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Figure 7. The latency and speed chart. /6/

The improved radio capabilities make it possible dffer new packet-based
applications in an efficient way. For the networkeoators the HSPA is an
inexpensive solution as it completely reuses thstieg network elements and only

needs minor additions and software upgrades. /6/

For increased packet-data throughput, the HSDPAbe&® designed with a fast
physical layer transmission and retransmissionttegewith a fast link-adaptation
controlled by the BTS. Based on the physical ldgedback the BTS estimates the
channel quality for all active HSDPA users. Theduseheduling algorithm and the
user prioritization scheme determine the used sdimed and the link-adaptation
conducted to the user. In case of a packet decddihge, the BTS can retransmit
the data from a buffer where it was first receii@dtransmissions are automatic and
do not involve the RNC. /6/

The high-speed DSCH (HS-DSCH) has a key part itHBBPA data transfer. It is a
transport channel carrying the actual user datagogansmitted with the HSDPA.
The needed channels for HSDPA operation are presémt-igure 8. The HS-DSCH
has some major differences when compared to tHeereapecifications with the

DCH-based packet-data operations. There is nopaser control, no soft hand-
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over, no physical layer control information, and dscontinuous transmission
(DTX) on the slot level. As add-ons, there are sdngeimprovements. There is a
support for higher order modulation as the HS-DS@s 16-quadrature amplitude
modulation (16QAM), effectively doubling the numbefr bits carried per symbol
under good conditions. With the fast physical lasignaling the user allocation with
the BTS is done every 2 ms. Turbo-coding is usedhi® HSDPA but DCH can still
be used if necessary. /6/

HS-SCCH

N KRR —

XXX

XX
\/

HS-DSCH

HS-DPCCH

DCH ( DPCCH/DPDCPH)

Figure 8. Transport channels needed for HSDPA tiperd6/

The short 2 ms allocation time enables the dynamsource sharing of the HS-
DSCH. If the UE does not need a high-speed datugmput for a while, the code
resource reservation is not changed to a loweralét- Instead, no data is transmitted
with the high-speed physical downlink shared chafii&-PDSCH) where the HS-
DSCH is mapped. The previously used resource fer 2Zhms slot can then be

allocated for another user. /6/

The high-speed shared control channel (HS-SCCHjesatime-critical signaling
information allowing the terminal to demodulate tlerrect codes. If time
multiplexing is used, only one user receives data ame. If code multiplexing is
used, more than one HS-SCCH can be used. The atatavailable for users is still

dependent on power allocation, environment, andyibe of the used terminal. /6/
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The high-speed dedicated physical control chand8DPCCH) is used to enable
the link-adaptation and the physical layer retrassimons. As the signaling is
handled on a parallel code channel, the DCH omerattmains unchanged. The
feedback information carried on the HS-DPCCH inferiine BTS if the packet was
decoded successfully. The channel quality inforama{CQI) tells the BTS scheduler
the data-rate which UE expects to be able to recéd/

The enhanced uplink dedicated channel (E-DCH) isompletely new uplink

transport channel for HSUPA. While bringing in sosamne features that HSDPA
has in use, the E-DCH offers dedicated data patthéoBTS for each UE. New
signaling channels are also introduced for HSUPA ean be seen in Figure 9. In

theory the maximum physical throughput for HSUPA. Mbps. /6/
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Figure 9.Transport channels needed for HSUPA operation. /6/

The E-DCH absolute grant channel (E-AGCH) and tHe(H relative grant channel
(E-RGCH) are used for scheduling control togethi whe EDCH HARQ indicator

channel (E-HICH) which offers retransmission suppdhe enhanced dedicated
physical data channel (E-DPDCH) is used for cagyhe user data while the control

information is transmitted on the E-DCH dedicatdd/gical control channel (E-
DPCCH). /6/

The end-user performance of the HSPA depends ory ddferent factors. The
performance depends on deployment and service péessrand varies depending on
the use-case scenario. The most significant facéfexting performance are the

used network algorithms, deployment scenario, antila station performance and
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capability. In field experiments there are manyiateons to be considered. The
amount of HSDPA users sharing the common HS-DSGtepeh cell has a definite
effect, and the throughput decreases as more asesdlocated for the same channel.
Estimation of bit-rate differences between dedidaieshared carrier can be seen in
Figure 10. Throughput in a HSPA system will also dfeected by the physical
environment itself in the form of tall buildingdpsed spaces, or UE movement, for
example. It has to be noted that many applicatimrsefit from the low latency and
not necessarily from the high data throughput.th® purpose the round trip time of

a small packet can be measured. /6/
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Figure 10. Average HSDPA bit-rates using dedicat8DPA carrier or shared

carrier. /6/

Already the 3GPP framework allows the use of défer enhancements for
increasing the capacity and the service performahoe advanced receivers are able
to obtain a higher signal-to-interference-plus-aaiatio (SINR) allowing higher bit-
rates and cell capabilities. These devices wilbanatically report higher channel
guality information (CQI) values and higher bitestwill be automatically allocated
by the BTS scheduler. /6/
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2.4 Smart Phone

In many aspects the mobile devices have gone thraugst evolution over the past
twenty years. A simple phone has evolved to amatine device where the speech

services are only one, though important, serviged/10/

2.4.1 Technical requirements

For taking the advantage of the modern data tramséhnologies the phone has to
meet three main prerequisites. At the very basiell¢he phone has to be able to
handle the signaling over the air in an efficientd aeliable way. Commonly used
lithium-ion battery is still a limiting factor antlas to be considered when new

network technologies are standardized and implesde8, 9, 10/

The phone also has to meet the requirements sgtebgpecifications for different
wireless technologies. The modulation and codirgeses vary depending on the
chosen solution. Telecommunication corporations likokia take part in the

specification work itself. /8, 9, 10/

The transition from the hardware layer to the saftwlayer on the phone has to be
efficient so that the advertised data transfer dpeee attainable in used applications.
/8,9, 10/

2.4.2 Symbian platform

The Symbian OS platform is commonly used in todaytsart phones by different
manufacturers. It has specifically been designedsfoart phones where the low
power consumption is essential. It uses an objeett®d approach inherited from
the EPOC, from which the Symbian OS has evolveh fiSymbian is a multitasking
and multithreaded operating system where processebe run concurrently. It has a
microkernel design meaning that servers are usedake executive calls into the

kernel when needed. The communication-specificiciure shown in Figure 11
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shows the client/server structure and the diffefayérs from the application to the

device driver. /8/
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spesific DLLs
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Socket Library DLL (esock.dlIl)
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Device Drivers / Hardware

Figure 11. A schematic diagram of the S60 commuieicarchitecture /11/.

Virtual machines are also supported in the Symish The Java programming
language and run-time environment use this mechmn&ymbian is also easily

extended when new protocol implementations or dewdvers are needed. The
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microkernel design allows the dynamic loading ofvimaodules. The target devices

usually have a 32-bit ARM processor. /8/

3 SOFTWARE TESTING

3.1 Reason and benefit

Even carefully programmed software usually has $lawd no such thing as bug free
software exist. Mistakes are made in all differstaiges of software development.
112/

Software testing can be done differently dependingthe project goals, available
time and resources, and other factors. Usuallynggs$ done because of the need to
improve the quality by finding and fixing flaws the implementation, evaluating if
it follows the specification, and for making sutesi compatible with the systems it
interacts with. From the managerial point of viewcan be done to prevent the
delivery of immature software, to evaluate the yalf the software, or to minimize

the need for technical support. /12/

3.2 Testing process

The V —model is the most known testing process. Whmodel is not often used as
it is in modern software development process. Harethe newer models are still

based on the same concept. The V -model is presantggure 12. /12/
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Figure 12. V-model -based testing process. /12/

|

The left side of the V-model is based on the watkerinodel of software

development. Requirement analysis is done firdipe@d by other design steps. At
the same time with each design step the test plaa fnatching test phase is done.
Implementation can be started when all design ghlaaee been finished. The actual
testing begins when the material for testing firstomes available. Starting from the
unit testing, each phase is done according to pusly created test plans. Within

each phase testers will verify that the implemeomatnatches the specification. /12/

Testing in the lower levels of the V —model is afglass box testing where the test
engineers have access to the actual implement&iorihe higher levels the testing
iIs more often black box testing where the impleragon is not visible to the testers.
112/

Traceability between different testing phases hatpsesolving the origin of the
found errors. When an error is located, the tespragess can be adjusted so that

similar errors will be found sooner. /12/
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3.3 Testing methods

When unit-testing is being done, each unit of thegpam is tested separately. A unit
can be a module, class or a process. Unit testingually part of the implementation
phase as the programmer will check his/her own emgintation. Knowledge of the

errors usually remains with the owner of the cade sooner the unit testing is done
the better. /12/

Unit testing is usually glass-box testing but asme black-box testing methods can
be applied. The categories of unit testing are:

* APIs

» data structures

e paths and loops

* error handling

e limiting values

Having been tested, the units are integrated argel entities. API's and their co-
operation are tested during integration testingt @a@tomation and smoke testing
should be applied to this process if possible.grggon testing can be thought of as
an implicit part of the unit testing, especiallyhi software is small in size and the
units are integrated incrementally. In good sofenarchitecture every unit handles
its limited mission as independently as possibleabse the unnecessary

dependencies between units make the maintenanceediificult. /12/

System testing is done for testing the functiogaiitthe newly build system. System
testing is usually operated by a separate testiaug t Fixing the errors found in
system testing is usually expensive as the comectan have an impact in the
architecture or in the module design. It is possthht large parts of the system will
need to be re-tested. System testing takes thesbtighe of all testing phases.

Running all of the test cases can take a lot afues. /12/

Acceptance testing is done for a product whicle&ly to be delivered. Acceptance
testing is based on the customer requirements. \Wihished, it can be determined if
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the software is done according to the contractaBse the acceptance testing is done
with the final product, the end-users can be usagsters. The used test-
environment needs to be as close to the realttiir@nment as possible. Acceptance
testing does not usually last long as the meanimg®to verify that the

requirements have been met. /12/

Acceptance testing should mostly be a demonstratidhe software. There is a high
likelihood for errors to be found if the end-usget to use the software just when it

is supposed to be ready. /12/

3.4 Quality assurance and continuous development

Quality assurance generally has three major compsne
» software testing
e quality control

» software configuration management

Software testing is a continuous process done irallph with the software
development. The purpose is to verify and validagechanges made and so ensure
that the software design, code and the documentateet the given requirements. It

is focused on the test planning, test designdegtlopment, and test execution. /13/

Quality control is an important part of quality asmce. It comprises of the
processes and methods used for monitoring the veordk observing how the
requirements are met. Structured walkthroughs amgpeictions are used for

removing the found defects during the software tbgpraent. /13/

Defects can also be fixed with the help of technieviews done during the
development life cycle. The idea behind the tednieviews, or “peer reviews”, is
to increase the efficiency of the development ¢ifele and to provide methods for
measuring the quality of the product. These reviavesone form of testing which

does not involve program execution or a computesudlly technical reviews
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remove bugs or defects early in the developmentga® and so save the resources
otherwise needed to find and repair the issues lat&/

The quality of testing can also be improved by sivey to the personnel. The know-

how can be increased in seminars or trainings. /13/

4 TESTING DATA TRANSFER IN A MOBILE NETWORK

For running tests with different data transfer temlbgies a cellular network
supporting GSM and WCDMA is needed. Appropriatedemmunication standards
and specifications will have to be supported by uked network for assuring the
interoperability between the UE and the cellulatwoek. These conditions can be

met by using a commercial cellular network or aogammunications tester.

4.1 Test automation

In order to thoroughly test the implementation gfieen network technology, a fully
automated test system is needed. When the tegsbament, test modules and other
tools have been designed and implemented propexlyfast, reliable, and
customizable way for running the tests is establishwith a functioning test

automation system different types of test casedeamplemented with ease.

The used system consists of multiple different congmts and functional entities,
enabling large-scale automation in software testiige dependencies for the
network test module can be seen in Figure 13.
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Figure 13. Test module dependencies.

On the lower level the required components aretéis¢ module, possible helper

modules, and access to the correct API's enabtiagheeded functionality.

The test automation makes the test engineers’ gsieeand the test developer can

concentrate on developing quality test asset #®tdhget platform or technology.

4.2 Functional testing

When the data transfer technologies are testedpfiie main objectives is to verify
the basic functionality of a given property. Besidgror reports, test run results can

be used for creating metrics for keeping track witle development progress.
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Functional test cases for the different networltedtogies are ran between different

development cycles for verification purposes.

Functional test cases will have to cover the tatgehnology as thoroughly as
possible. This can be achieved by targeting theseisto match the specification and
by covering the components and API's. Overall tihm ahould be at making the
most of the used technology, whether it is GPRSGEDr HSPA. Functional testing
ensures that both the hardware and the softwarteimgmtations work as specified
and that the mobile phone can be used in normahtpg circumstances in different

ways.

4.3 Non-functional testing

Non-functional testing concentrates on finding untegd behavior in most common
use-cases. Non-functional test cases for netwahnt@ogies can be categorized into

different groups based on the scope of the tests:

* long-lasting

» feature interaction
o stress

e throughput

* negative tests

Long lasting test cases test how the feature beshaten used continuously for a
long time, possibly for hours or days. Failuresthese cases could be caused by
many different factors, memory leaks for exampleatkire interaction test cases are
used to test how different features work when wgatie same time with some other
functionality. Throughput test cases calculate dhta throughput for different data
transfer technologies. Results can be used forfywregi that the specified data
transfer speeds are attainable. Negative test casesised for testing how the
platform recovers from situations where the APYs ased with values or ways not
intended. Problems in error handling or recoveryladgotentially cause instability

of the system, or even have effect in platform secu
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HSDPA and HSUPA have different speed classes whrehbased on the 3GPP
specification versions. This has to be considerbdnathroughput testing is done for
different software platforms with support for diéamt categories. Correct target
values will have to be used for getting proper itsdor data throughput. Support for
higher data transfer speeds is currently only ab#&l in radio communications

testers.

4.4 Review of existing test methods, test cases, andrdentation

Sahti’'s specification, test mass, and documentatvere reviewed as part of the
work done for this thesis. As Sahti had been impleted in the past, the aim of the

review was at finding:

* missing test cases

* duplicate test cases

* un-used test cases

e errors/problems in the test cases or in the tesiuteo

* documentation improvement needs

Results for the review were reported and actiomtgaireated so that correct actions
could be taken. These action-points were later empinted to the test module as

new functionality or new test cases.

Sahti’'s test cases and functionality are businessets. Because of this, detailed
information about the test cases, functionality, test environment will not be

presented in this thesis.

4.5 New test methods and test cases

New functionality and test cases were implemengset on the module review and
other received requirements. Test sets were mddibieremove duplicate and un-

used test cases.
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4.5.1 Information gathering

Requirements for new test cases are received froftiphe different sources. The
test engineer can implicate a problem or arealthatnot been fully covered, errors
can have been found in verification or later stagesesting process. Problematic
areas can be also pointed out by other persondvetvon development or testing

process.

The responsible test developer should have theawdl competence to break borders

with new ideas for test cases and new solutions.

4.5.2 Test case design

After the need for a new test case or functiondldg been found, the basic design
plan can be done. It is usually done by using gtata designed for this purpose.
The used platform, hardware, and the test modwdespecified together with the
desired output. The test case design is used asnarp guideline when new test

cases are being implemented.

4.5.3 Test case review

The proposed test cases or functional entitiesesiewed before the implementation
phase. This is for ensuring that they are requifedsible, and that they can be
implemented. The review can be done via email oairgnging a teleconference.
Apart from the test developer, the participants barthe software integrators, test

engineers or other people involved.

4.5.4Test case implementation

Two common ways for creating new test cases exi$is.first requires that both the
new code and the test script are implemented dedsed for testing. Alternatively,
if the test case does not require new functiondtdyn the test module, it is usually
implemented simply by modifying the test script@cingly.
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Only a script modification was needed when Sahéidee a new test case which
would download a file to eMMC (Embedded MMC) driwéth HSDPA connection.

eMMC is an embedded mass memory integrated to somaet phones. The new test
case was implemented simply by modifying an exgstitest case used for
downloading a file to a memory card. The downloadction uses HTTP-protocol

for receiving the file from the specified Internatldress. As the downloading
functionality already existed, the implementatiequired only a change in the drive
letter used for saving files. This test case vesifihat a file download to the eMMC

drive works when HSDPA is used.

Either it being a new test case or functionalityg implementation has to be verified
working before it can be released for testings idone by running the smoke test sets
which utilize the newly-implemented code on differeoftware platforms. Failed
test runs will point out the possible bugs and dyloblems. This prevents the

delivery of faulty test software.

4.5.5What's new

Sahti's code was inspected with CodeScanner, & statle analyzer which checks
that common rules and programming practices aneghbiellowed. No critical errors

were found from Sahti but some minor correctionsewaade based on the findings.

Sahti’'s logging methods were improved based ondegineers’ requests. Progress
information was needed for long lasting test casas feature would allow the test
engineer to track the progress when the test casebéen running for some time.
The new implementation gives progress informatiasell on the pre-set duration of

the test case.

Throughput test cases were and are being improveleatest environment is under
development. Throughput testing will be done wittadio communications tester for

ensuring stable testing environment. Throughputdases were inspected and plans
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were created to continue the development. At tbistpchanges were only made to
the test case durations.

New feature interaction test cases were neede@$ting how the UE behaves when
data transfers technologies are used at the same with some other UE
functionality. Test cases using GSM EDGE, WCDMA keteswitched data, and the
HSDPA connection concurrently with WLAN (Wirelessdal Area Network) were
created. The test case is implemented so thatwhldads data simultaneously with
both features under testing. WLAN test module wseduo enable the functionality
needed on the WLAN side.

The biggest single improvement made for the Saisti module is HSDPA/HSUPA
disable/enable -function. The request for the naemctionality came from the test
engineers, who had to disable the HSPA manuallly eéparate software. It had to
be done before running the test cases where HSPBAnatameant to be available.
The UE uses the best connection method availabléebgult. A study done before
the actual implementation implicated that the fiorality could be added to Sahti in
a feasible way.

The implementation allows scripter level definitibtor HSPA usage. Low level
system messages are used to disable or enableH&IHWA and HSUPA. The
implementation first creates and sends a messageh@anging the correct bit.
Response message is read for verifying that teerfiessage was received correctly.
Second message is send for actually saving the settvmg on the UE. Received
response message again verifies that the operatas successful. In case the
function fails to change the setting an error caeeturned. Before the test case
finishes, Sahti also checks if HSPA is required dntiwas in use. All Sahti’s test

cases utilizing WCDMA now use the functionality.
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5 THE NEW TEST MASS IN USE

5.1 Evaluation, efficiency and coverage

The new test set for the Sahti network test mothdiides the modified test cases,
in addition to some completely new ones. Test caga® created and removed
based on suggestions, propositions and requirenrectsived from the people

involved in the testing process.

The efficiency of the improved test asset cannotrteasured reliably as the test
cases and platforms are tested in different lonatand by different people, and also
with other test software. There are no metricslalgd on how the network test cases
perform; usually errors are found, tracked anddixedependently invisibly to the
test developer. Found errors or bugs are not ysualported back to the test
developer. However, the time needed for runningfthe test cases is now shorter
as the test asset was streamlined and some lomgglasst cases were removed as
duplicates. The implementation of the new functliibpalisabling or enabling the
HSDPA/HSUPA speeds up the testing process by rargothe need for manual

configuration.

Network testing is a continuous process and ipat$ guarantees the quality and the
functionality of the end product.

5.2 Future technologies and development needs

The network test development continues as new mittechnologies and software
platforms are to be introduced to the market. Taa dhroughput speeds for HSPA
will increase as the specification process reagfeds to next releases. Category 10
HSDPA will offer 14.4 Mbits/s peak data throughpate whereas the category 6
HSUPA will offer 5.76 Mbit/s data throughput. HolWese are implemented, tested
and used in tomorrow’s smart phones remains teba.Regardless, the HSPA will

be under heavy testing in the future too.
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Sahti also has other development need for the dut@urrently only basic
networking is thoroughly tested. Test cases utigZzUDP (User Datagram Protocol)
as data transfer protocol could possibly be implgew UDP is widely used for
streaming audio or video in the internet. It miglso be useful to have a wider range
of feature interaction test cases utilizing Sdhternet access is one of the most used

features in today’s smart phone and is likely a&ctiuring many other operations.

Laboratory environment and network tester couldibed in more large scale in the
future. More complex test cases could be createdhit purpose as the network
testers can be configured for different test saesaCurrently test cases are mostly
run against commercial networks which make it ingdase to see if the performance
or reliability differs in other than optimal circigtances. Testing could be pointed

more towards the specifications and seeing how déneynet.

Two competing future technologies are also in dgwalent; LTE (Long Term
Evolution) is part of the 3GPP Release 8 speciboaand is expected to introduce
data transfer speeds up to 100 Mbits/s downlink BddVbits/s uplink. The other
new technology is the WiMAX (Worldwide Interoperhiy for Microwave Access).
It is based on the 802.14 standard finished inytbar 2001. It has been under
development ever since by the WiIMAX forum. WiMAXrton consists of over 500

companies all over the world.

The future of wireless networking seems interestgery conservative estimation
would be that in the future the smart phone owmgltssee quite broad a spectrum of
innovative services making the use of high-speedslaw latencies offered by the

rival technologies.

6 SUMMARY AND CONCLUSION

The original schedule set for finalizing this tleesias a bit too optimistic as the

technological aspects of different network techgae took more time to understand
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and to put together than expected. Furthermore,mgmmholidays and other
assignments delayed some parts of the work.

The aim of this thesis was successfully achievdn: {Est asset is now broader, the
test module more flexible and documentation morecige. Overall, the situation

seems very good as the absence of leaked errthgsiarea has shown. It has to be
pointed out that the test module was of high quatitbegin with and no large-scale

refactoring was ever required.

The author of this thesis has benefitted greatynfiworking in this area, both in
terms of competence and job motivation. The baakgplovork for the thesis was the
most demanding task. In order to understand thetifumality of newer technologies
like HSPA, one has to understand, at least to sdegee, how the GSM- and
WCDMA -based networks work. Understanding the bigyse of modern cellular

networks is an advantage in many ways. Test demeapin this area is now easier,
more encouraging, and hopefully more beneficialeinms of the quality of the test

asset.

Working in the networking area has revealed a cemtdchnology lying behind the
simple icon named the Internet in today’'s smartna@so The network technologies
are in constant development and will continue tiero€hallenges and surprises for

the future test developers.
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