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Abstract 
 

 

During the 2nd generation Global System for Mobile Communications (GSM) mobile 

communication, the focus of the mobile positioning was mostly on call setup and messaging. But 

the evolution of the 3rd generation Wideband Code Division Multiple Access (WCDMA) has 

changed the focus of mobile positioning. With the increase use of smart phones the mobile 

positioning is now extensively used for location based services (LBS’s).  

Mobile positioning becomes extremely important when the user requests any particular LBS, 

because it directly affects the communication and resource handling between the network and the 

mobile user MU. In order to reduce cost of messages exchange between the network and the MU 

it is really important that network should know the location of MU with minimum error. There 

are many positioning methods that are used today for MU location estimation.  

In this thesis database correlation method (DCM) is used as a positioning technique to estimate 

the MU location in the Universal Mobile Telecommunication System UMTS network. The thesis 

will also explain different penalty techniques for different scenarios that could be used to 

improve the MU location accuracy in the urban environment. By applying different penalty 

techniques the best positioning accuracy achieved for 67% of the measurements varies is 88m 

and for 95% it is 153m. Other penalty techniques results will be compared at the end in order to 

find the best penalty techniques that offer much improved location accuracy for MU. 

 

 

 

 



iii 
 

Acknowledgement 
 
Foremost, I would like to thank Almighty Allah for giving me strength to accomplish my Master 

Thesis. I will especially express my deep gratitude to my supervisor David Gundlegård for his 

continuous support and advice throughout my Master Thesis. 

I am also grateful to my family for continuous support and encouragement. Furthermore I would 

like to thank my friends who directly or indirectly helped me to accomplish my Master Thesis.  

 

Linköping, 2012.01.09 

 

Yasir Ali Baloch 

 

 

 

 

 

 

 

 

 

 



iv 
 

Contents 

Abstract ................................................................................................................................................. ii 

Acknowledgement .............................................................................................................................. iii 

List of Abbreviations ........................................................................................................................... ix 

Chapter 1 Introduction ......................................................................................................................... 1 

1.1 Background ....................................................................................................................................... 1 

1.2 Thesis Purpose................................................................................................................................... 2 

1.3 Scope ................................................................................................................................................ 2 

1.4 Method .............................................................................................................................................. 3 

1.5 Report Outline ................................................................................................................................... 3 

Chapter2 ................................................................................................................................................ 5 

UMTS Architecture & Services ............................................................................................................ 5 

2.1 UMTS Architecture ..................................................................................................................... 5 

2.1.1 UTRAN ...................................................................................................................................... 5 

2.2.2 UMTS Core Network .................................................................................................................. 6 

2.2 UMTS Services ............................................................................................................................. 7 

2.3 UMTS Services Categories ................................................................................................................ 8 

Mobile Intranet .................................................................................................................................... 8 

Mobile Internet .................................................................................................................................... 8 

Customized Infotainment ..................................................................................................................... 8 

Multimedia Messaging ........................................................................................................................ 8 

Location-based Services ...................................................................................................................... 9 

Rush Voice ...................................................................................................................................... 9 

2.4 Location-based Services in UMTS ..................................................................................................... 9 

Chapter 3 Positioning ......................................................................................................................... 11 

3.1 Performance Metrics .............................................................................................................. 11 

3.1.1 Accuracy and Precision- ........................................................................................................ 11 

3.1.2 Yield and Consistency- ............................................................................................................. 11 

3.1.3 Overhead- ............................................................................................................................. 12 

3.1.4 Latency- ................................................................................................................................ 12 

3.1.5 Applicability- ............................................................................................................................ 12 



v 
 

3.1.6 Availability- .............................................................................................................................. 12 

3.2 Fundamentals of Wireless Positioning .................................................................................... 13 

3.2.1 Positioning in Cellular Networks ............................................................................................... 14 

3.2.2 Location Estimation Methods .................................................................................................... 15 

Network-Based .............................................................................................................................. 15 

Mobile-Based ................................................................................................................................ 15 

Mobile-Assisted ............................................................................................................................. 15 

3.3 Commonly Used Positioning Algorithms ......................................................................................... 16 

3.3.1 Proximity Sensing ...................................................................................................................... 16 

3.3.2 Lateration ................................................................................................................................. 17 

3.3.2.1 Circular Lateration or Time of Advance (TOA) ..................................................................... 17 

3.3.2.2 Hyperbolic Lateration or Time Difference of Arrival (TDoA) .............................................. 18 

3.3.3 Angulation ............................................................................................................................ 19 

3.3.4 Location Finger Printing (Pattern Matching) ........................................................................ 20 

3.3.5 Database Correlation Method (DCM) .................................................................................... 21 

3.4 Major Positioning Challenges for Positioning Techniques ...................................................... 22 

3.4.1 Environment....................................................................................................................... 22 

3.4.2 Geometric .......................................................................................................................... 22 

Chapter 4 ............................................................................................................................................. 23 

UMTS positioning .............................................................................................................................. 23 

4.1 WHY UMTS Positioning? .................................................................................................................. 23 

4.2 Positioning in UMTS ......................................................................................................................... 24 

Received Signal Code Power (RSCP) ................................................................................................ 24 

Ec/No ................................................................................................................................................ 24 

Path loss ............................................................................................................................................ 25 

Time Difference ................................................................................................................................ 25 

Round Trip Time (RTT) .................................................................................................................... 25 

Scrambling Code/ Cell ID .................................................................................................................. 26 

4.3 Previous Work ....................................................................................................................... 26 

4.3.1 Previous Work- Penalty Term ................................................................................................... 28 

4.3.1.1 Constant Penalty: ............................................................................................................... 28 

4.3.1.2 Dynamic Penalty ................................................................................................................ 29 



vi 
 

Chapter 5 ............................................................................................................................................. 33 

System Description ............................................................................................................................. 33 

5.1 Positioning System Description .................................................................................................... 33 

5.1.1 Why DCM .............................................................................................................................. 34 

DCM Mathematical Representation ............................................................................................... 34 

5.2 Database Correlation Algorithm ............................................................................................. 35 

5.3 Penalty Conditions ................................................................................................................. 36 

5.4 Location Estimation ............................................................................................................... 37 

5.5 Penalty Techniques .................................................................................................................... 38 

5.5.1 Technique I: Penalty ‘0’ ............................................................................................................ 38 

5.5.2 Technique II: Penalty ‘100’ ....................................................................................................... 39 

5.5.3 Technique III: Squaring RSCP of Missing Cell IDs ................................................................... 40 

5.5.4 Technique IV: Offset ‘120’, ‘110’ ............................................................................................. 40 

5.5.5 Technique V: Average .............................................................................................................. 41 

5.5.6 Technique VI: Length Square .................................................................................................... 42 

5.5.7 Technique VII: Literature I ....................................................................................................... 42 

5.5.8 Technique VIII: Divide: Measurement & Fingerprint Total Cells .............................................. 43 

5.5.9 Technique IX: Divide Length Difference................................................................................... 43 

5.5.10 Technique X: Constant + length Difference ............................................................................. 44 

Chapter 6 ............................................................................................................................................. 45 

Results ................................................................................................................................................. 45 

6.1.1 Technique I & II Results: .......................................................................................................... 45 

6.1.3 Technique II, III & IV Results: .................................................................................................. 46 

6.1.6 Technique V, VI & VII Results: ................................................................................................ 48 

6.4 RSCP vs. Ec/No ........................................................................................................................... 56 

Chapter 7 Discussion .......................................................................................................................... 58 

7.1 Discussion ........................................................................................................................................ 58 

Chapter 8 Conclusion ......................................................................................................................... 59 

8.1 Conclusion ...................................................................................................................................... 59 

8.2 Future Work .................................................................................................................................... 60 

References............................................................................................................................................. 61 



vii 
 

 

Figures 

 
Figure 1: UMTS Architecture .................................................................................................................... 6 
Figure 2: UMTS Core Network ................................................................................................................. 7 
Figure 3: Percentage Usage of Different LBS services [4] ........................................................................ 10 
Figure 4: Wireless Local-Positioning Systems [7] .................................................................................... 13 
Figure 5: Location Estimation with three BS's ........................................................................................ 18 
Figure 6: Detailed System Description ................................................................................................... 33 
Figure 7: DCM Algorithm Flow Chart ...................................................................................................... 35 
Figure 8: Technique I & II Comparison ................................................................................................... 46 
Figure 9: Technique I, II & III Comparison ............................................................................................... 47 
Figure 10: Technique V, VI & VII Comparison ......................................................................................... 49 
Figure 11: Techniques VIII, IX & X Comparison ....................................................................................... 50 
Figure 12: Accuracy Geographical Mapping ........................................................................................... 51 
Figure 13: DCM vs. Different Data Sets .................................................................................................. 52 
Figure 14: DCM vs. Different Evaluation Sets ......................................................................................... 53 
Figure 15: Accuracy Geographical Mapping for Evaluation Set at the Middle ......................................... 54 
Figure 16: Accuracy Geographical Mapping for Evaluation Set at the End .............................................. 55 
Figure 17: RSCP vs. Ec/No ...................................................................................................................... 56 
 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

Tables 

Table 1: Three Approached for Location Estimation ............................................................................... 16 
Table 2: RSCP Resolution ....................................................................................................................... 24 
Table 3: EC/No Resolution ..................................................................................................................... 25 
Table 4: Different Positioning Methods Accuracy ................................................................................... 28 
Table 5: Measurement Example as Reported by the Cell-ID ................................................................... 36 
Table 6: Fingerprints Examples as Stored in the Database ...................................................................... 36 
Table 7: Cell ID Mismatch ...................................................................................................................... 37 
Table 8: Techniques I & II ....................................................................................................................... 45 
Table 9: Techniques III & IV.................................................................................................................... 46 
Table 10: Technique III vs. Technique IV (Offset 120) ............................................................................. 48 
Table 11: Techniques V, VI & VII ............................................................................................................ 48 
Table 12: Techniques VII, IX & X ............................................................................................................. 49 
Table 13: Summary: Positioning Error for 67% & 95% ............................................................................ 50 
Table 14: Positioning Accuracy vs. Different Data Sets ........................................................................... 53 
Table 15: Comparison of Different Sets of Fingerprints .......................................................................... 56 
Table 16: RSCP vs. Ec/No ....................................................................................................................... 57 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

List of Abbreviations  
_____________________________________________________________________________________ 

 

2G   2nd Generation 

3G   3rd Generation 

3GPP   3G Partnership Project 

AOA    Angle of Arrival 

A-GPS   Assisted-GPS 

AuC   Authentication 

BS    Base Station 

CN    Core Network 

DCM    Database Correlation Method 

EIR    Equipment Identity Register 

E-OTD   Enhanced Observed Time Difference 

GGSN    Gateway GPRS Support Node 

GMSC   Gateway MSC 

GSM    Global System for Mobile Communication 

GPRS    General Packet Radio Service 

GPS    Global Positioning System 

HLR    Home Location Register 

LBS    Location Based Services  

LMS    Least Mean Square  

MSC    Mobile Switching Center 



x 
 

MU    Mobile User / Unit 

OTDA   Observed Time Difference Arrival  

RNC    Radio Network Controller 

RNS    Radio Network Subsystem 

RSCP    Received Signal Code Power 

RSS   Received Signal Strength 

SGSN   Serving GPRS Support Node 

SMS    Short Message Service  

TDOA   Time Different of Arrival 

TOA    Time of Arrival / Advance 

UE    User Equipment  

UMTS   Universal Mobile Telecommunications System 

UTRAN   Universal Terrestrial Radio Access Network 

WAP    Wireless Application Protocol 

WCDMA   Wide Code Division Multiple Access 

 

 

 

 

 

 

 



1 
 

 

Chapter 1 
Introduction 

1.1 Background 

From the past few years there is a significant increase in the mobile users and this has created 

competition among different service providers. Now almost every individual possess a mobile, 

and because of this significant increase, the quality of service has become a major challenge for 

the mobile service providers. With the evolution of 3rd Generation (3G), many new and attractive 

services were developed. Many of such services are location based. These services are provided 

to the mobile users as per request like nearest restaurants etc. These services are known as 

location-based services (LBS). The major problem which the mobile service providers are facing 

is how these LBS should be pushed to the customers efficiently and with a minimum time delay. 

Customers shouldn’t have to wait to pull the services and also there should be no mix-up in 

services and the right service must be received by the customers. There are two ways to forward 

the LBS to the customers, either by knowing the location of the MU or when the MU enters a 

particular area the LBS service should be activated automatically.  But to achieve either of the 

two scenarios the location of the MU has to be known by the service provider. When the service 

provider knows the location of a particular MU, then it will be easier to push the LBS to the MU 

with a minimum time delay. But it is still a problem to know the accurate location of the MU. 

The major reason is fading. Fading causes signal to degrade and thus effects in MU location 

estimation. Previously, many algorithm and positioning methods were implemented to locate the 

MU as accurately as possible, but every positioning method and algorithm has certain advantages 

and disadvantages and their performances is also based on the network topology and load on the 

network.  
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Commonly used applications to push or pull LBS are Wireless Application Protocol (WAP), 

General Packet Radio Service (GPRS) and the Short Messaging Service (SMS).  [1] LBSs are 

classified into two types, reactive and proactive LBSs.  In reactive LBSs, whenever the MU 

needs particular LBS, it will establish a link with the network and will update its location. After 

establishing the link, requested LBS service is pushed to the MU. In proactive LBSs, the services 

are characterized on the bases of locations. Whenever the MU enters a certain location, the 

particular service will automatically activate and the MU can access the service within that 

location area. If the MU leaves that area, the service will no longer be available to the MU. In all 

these situations, it is necessary that the service provider should know the accurate position of the 

MU in order to push the LBS services to MU. LBSs can be used in many applications and thus 

with the availability of the internet, it is now possible to have LBSs for any type of request. The 

fast availability and effectiveness of LBSs are now regarded as an important factor in the market 

competition. To push or pull LBS services, MU location estimation should be accurate but due to 

environmental and geographical factors it is not possible. In urban environment, location 

accuracy degrades because of many factors like, fading, BS’s positioning etc. To minimize the 

location error different positioning methods are used. 

1.2 Thesis Purpose 

The purpose of this thesis is to evaluate the location accuracy of UMTS positioning methods for 

applications that use existing UMTS measurements to determine the cell phone location. The 

thesis is focused on database correlation methods based on signal strength measurements in an 

urban environment.  

1.3 Scope 

In cellular networks there are many factors that affect the MU location estimation and many 

positioning techniques are used to overcome such problems and to minimize the location error. 

The scope of the thesis is to minimize the effects of one such factor, the multipath propagation. 

The multipath propagation is the main reason behind the error in MU location estimation and to 

do this a positioning technique is to be implemented in the UMTS network and in urban 

environment. Furthermore the estimated position of the MU should be as close as possible to the 

real position of MU. This means location should be estimated with minimum error.  



3 
 

1.4 Method 

In this thesis, a UMTS positioning module is developed which estimates the location of the MU 

using the DCM method based on RSCP measurements. The DCM algorithm compares the 

requested RSCP measurements with the training fingerprints in order to calculate the position 

estimate.   The algorithms are evaluated empirically using RSCP measurements from the UMTS 

network collected with the Ascom TEMS Investigation 9.0 tool. 

Database: Contains the tracking/ training table of pre-recorded RSCP fingerprints. 

Positioning Server: is the main part of the thesis where the algorithm will be implemented to 

estimate the location of the MU. The algorithm will compare the RSCP measurements of the 

requested MU with training fingerprints to locate the MU with minimum positioning error. The 

positioning algorithm will get Cell-Id and RSCP measurements of an MU as inputs from the 

server, and then it will contact the database through the server to get access to the pre-recorded 

fingerprints. After getting access to the training fingerprints, algorithm DCM will be applied to 

find the location of the MU. 

1.5 Report Outline 

The report is divided into eight chapters. The description of each chapter is as follows: 

Chapter2 UMTS - Provides an introduction to the UMTS architecture, UMTS services and 

categories and location based services in UMTS.   

Chapter3 Positioning- Overview of the different positioning metrics, what is wireless 

positioning and what is the standard and non-standard outdoor positioning. Also different 

architectures like network assisted in determining the location of the client is discussed. Later 

part of the chapter discusses different positioning algorithms and what are the challenges faced 

while determining the location of the MU.  

Chapter4 UMTS Positioning – Provides different parameters that are used for positioning in the 

UMTS environment. Also previous work is summarized to analyze the accuracy in the urban 

environment. In the last part an introduction to the penalty term and different penalty algorithms 

are discussed.  
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Chapter5 System Description and Penalty Techniques- The system description and the flow 

chart of the DCM along with how the algorithm will work. Furthermore the conditions to apply 

the penalty term and different penalty techniques used in the thesis will be described.    

Chapter6 Results- The results are based on the penalty techniques, therefore this chapter covers 

a detail results explanation about what results are achieved from the penalty techniques, how 

much is the difference in the location error and whether the results helped in improving the 

accuracy of the estimated location or not.  

Chapter7 Discussion- Provides an overview of the results and the effects on the accuracy. 

Chapter8 Conclusion- Summarizes the results and different techniques implemented in the 

thesis. Also in the future what can be done to improve the performance of the positioning method 

is stated.    

 

 

 

 



5 
 

Chapter2 

UMTS Architecture 
& Services 

2.1 UMTS Architecture 

This section will provide an overview of the UMTS Architecture relevant for the thesis. Before 

discussing positioning and different positioning methods it is imperative to understand the 

UMTS architecture because the positioning methods will be implemented in UMTS 

environment.  In UMTS there are three main components, UTRAN, CN and UE. Architecture 

and functioning details for each component is given below.  

2.1.1 UTRAN 

UMTS has three interfaces, core network, radio access network and MU. The radio access 

network in UMTS is known as UTRAN. UTRAN has four main functions. [2] 

 WCDMA radio resource management 

 Power controlling in downlink and uplink 

 MU handover management 

 Channel allocations for different kinds of transmissions 
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Figure 1: UMTS Architecture 

Figure 1 shows the architecture of UTRAN. UTRAN consists of several RNS blocks. The RNS 

consists of RNC and BS’s. The main functions of RNS are:  

o Proper management of radio resources 

o Establish and maintain connection between UE and UTRAN 

Each RNS consists of one RNC and one or more BS. The main functions of RNC are: 

o Handover decisions 

o Transmission Scheduling 

o Manage radio resources of each BS 

o UTRAN control functions 

2.2.2 UMTS Core Network 
There are two main parts of CN, circuit switched part and packet switched part. Circuit switched 

part is based on the GSM network and communicate in circuit switched manner. Figure 2 further 

shows different parts in CN. 
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Figure 2: UMTS Core Network 

 

In UMTS, CN architecture circuit switch consists of MSC and GMSC. GMSC is the interface to 

the external networks. In CN, packet switching communication is done through packet data. 

Packet switch consists of SGSN and GGSN. SGSN has many functions like mobility 

management, managing the data session, communication with other networks and billing. [2] 

GMSC is responsible for the effective internal communication between the UMTS packet switch 

network and other packet switch networks. It also manages the flow of information between the 

MU and SGSN. Other functions of CN are: 

o MU location Management 

o Control and management of network features 

o Switching and Transmission Management 

Other components in the CN architecture are EIR, HLR and AuC. EIR has the responsibility to 

either allow the MU into the network or reject its request. HLR has all the information about 

every MU like the last known location. Through this information the call is routed to the MU 

location. AuC is for security purpose and contains secret key of every MU.   

2.2 UMTS Services 

UMTS network uses a wider bandwidth thus provides higher data rate. The minimum data rate of 

the UMTS network for circuit and packet switch is 144 kb/s and the maximum data rate that can 

be achieved is 2Mb/s. Generally for circuit switching, UMTS offers a data rate of 384kb/s and 

for packet switching it is 2Mb/s. Because of the wider bandwidth UMTS network offers a wide 

 

 

RNS 

                                         CN 
SGSN 

MSC 

EIR HLR AUC 

GMSC 

GGSN 
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range of applications and these applications can be divided into four main classes, 

conversational, streaming, interactive, and background classes.  

Conversational class- includes the applications like voice and video telephony and video games.  

Streaming class- includes multimedia streaming. Multimedia streaming is becoming popular 

because most of the users now prefer to watch the videos rather to download them.  

Interactive class- includes applications like web browsing and network games. 

Background class- includes email, downloading and sms. [3] 

2.3 UMTS Services Categories 

UMTS services can be described into six categorizes. 

Mobile Intranet 

This category includes applications like emailing, technical sales, video telephony, conferencing 

etc. and most of these applications are used for business purposes thus business users are the 

most likely customers for these applications. 

Mobile Internet 

Most of the application includes in mobile internet are different messaging like E-mail, SMS, 

and MMS, video and music downloading, streaming, VoIP, video over IP, m-banking, trading, 

info services etc. Most of these applications are accessed by business users and small percentage 

of the normal consumer also uses some of these applications.  

Customized Infotainment 

This includes applications like music and video download, educational purposes, gaming, 

chatting, banking etc. The customer’s access these applications are business users and normal 

users.  

Multimedia Messaging 

Multimedia messaging includes applications like MS Office, chatting, MMS, music and video 

etc. and most of the uses for these applications are normal customers.  
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Location-based Services 

This category includes applications like navigation etc. these application can be used by any user 

thus there is no specific group of users for these applications.  

Rush Voice 

The applications include are telephony, conference, telemedicine, multimedia communication 

etc. and most of the users are business users. [2] 

2.4 Location-based Services in UMTS 

Location-based services have become an important feature of UMTS. This service can be 

accessed through two requests, push and pull. In push all the services are available without any 

request from the MU and the MU can use any application at any time whereas in pull MU 

request for a particular service. [3] Pull services includes services like finding a location. For 

example if the MU wants to find the nearest possible Chinese restaurant, the request has to be 

sent to the service provider. Based on the request, the service provider will then push the service 

to the MU or on the MU side service will be pulled. This service will include nearest Chinese 

restaurants in the given geographical area and the MU can easily find which one is the most 

suitable and nearest.  

In [4] a survey was conducted to analyze the importance of different LBS services, its use and in 

the future which LBS services demand will increase. 
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Figure 3: Percentage Usage of Different LBS services [4] 

From the figure 3 it can be seen that the most commonly used LBS services are weather and 

navigation and in future the most likely use of LBS services will be local alerts like traffic jam, 

navigation etc. 

LBS services are becoming an important part of daily life and users are willing to pay for the 

services in order to get the required information. In this thesis different techniques will be 

applied to improve the location accuracy and this thesis will be useful for the LBS like 

navigation, store location, local alerts and nearest ATM as shown in figure above. Today 

customers are more interested in LBS like store location. For example during a lunch time 

customers want to know Chinese restaurants in a particular area. If the location of the customers 

is known with the minimum location error then the exact location and distance of the restaurant 

can be pushed to the user mobile.  This thesis will provide better results when used for locating a 

MU in a large area like parking area where there is some margin of positioning error because to 

estimate the location of the MU without any positioning error is extremely difficult. As it is 

impossible to eliminate the environmental factors that cause signal degradation and multipath 

propagation, therefore it will be difficult to locate a small structure like car or a person at the 

exact spot.  
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Chapter 3 
Positioning 

 

 

3.1 Performance Metrics 

Locating MU seems like an easy task but in reality there are many complications that could 

easily increase the location error. There are different positioning algorithms available today and 

each has certain characteristics. These characteristics are mainly dependent on different 

parameters and metrics. These parameters and metrics are used to measure the efficiency and 

accuracy of a positioning algorithm.   

3.1.1 Accuracy and Precision- In terms of location estimation, accuracy and precision are 

essential while implementing positioning algorithm. Accuracy deals with the closeness of the 

acquired value of location estimation to the true value. Precision deals with the closeness of 

measurements to their means. If the difference between the true and estimated location is close to 

zero meters then that algorithm provides accurate results. Similarly in precision, if more true 

values give the minimum error of location estimation then algorithm provides more accurate 

results for both the accuracy and precision. Thus, accuracy and precision are very important 

while selecting a suitable positioning algorithm, because the positioning algorithm is all about 

locating the MU accurately within the cell. Therefore, the positioning method should locate the 

MU as close to the real location as possible. [9] 

3.1.2 Yield and Consistency- Another important parameter while selecting the positioning 

algorithm. There are different types of positioning algorithms and few of them are dependent on 

the environment factors like rural or urban. Thus while implementing positioning algorithms it is 

important that environmental factors should be considered. For example, if the positioning 

method is better suited for the indoor use then it could not guarantee the same performance in the 
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open environment. Therefore positioning algorithm dependency should be considered before 

implementing it in the particular environment.  

3.1.3 Overhead- Overhead size always considered as an important issue in the mobile 

communication. If the overhead is large, then it will utilize more resources while requesting 

LBS’s and thus the cost will be increased. The cost depends on the number of messages 

exchanged between the MU and the base station. Therefore it is imperative that the number of 

messages exchanged between the MU and the base station should be as minimum as possible, to 

control the cost of the LBSs. Overhead is also related with accuracy and precision. For more 

accuracy more overhead will be required, but this will increase the resource utilization. Thus this 

tradeoff has to be considered while evaluating the positioning model. [1]  

3.1.4 Latency- is considered as a measure of a time delay when pushing the requested LBSs to 

the MU. To obtain a minimum time delay the network topology should be such that the RSCP 

can be received by the BS’s in a short time and in good strength, thus preventing the signal from 

experiencing fading. As the distance between the MU and the base station increases, the time 

delay will also increases.  

3.1.5 Applicability- Different positioning techniques are available for the location estimation in 
cellular networks. But these techniques can only be useful if it can be properly applicable in the 
given working environment. Positioning techniques applicability is dependent on many issues 
like power consumption, hardware and software, network dependency, cost, signal load etc. It is 
impossible that all these issues can be solved with any particular positioning technique but it will 
an advantage to solve as many issues as possible. Every positioning technique has certain 
limitations. For some of them hardware has to be modified and for some software modification is 
necessary. Thus positioning techniques should be implemented based on the environment and 
how much it will be beneficial.  

3.1.6 Availability- Many positioning techniques are dependent on the strength of RSCP. If 

RSCP with high strength is obtained from different BS’s the location accuracy will improve. 

Thus good availability of the signal is essential in improving the performance of the positioning 

technique. Availability can also be improved through careful network planning. It is important to 

install BS’s at the right locations and with such topology that it can acquire signal properly. But 

to implement a topology other factors like environment, coverage etc. needed to be addressed. 

For example, urban areas are mostly covered with buildings, residential houses and highways. In 



13 
 

such situation where the multipath propagation is high, it is quite difficult to implement a perfect 

topology and the RSCP with strong strength is not available. [5] 

3.2 Fundamentals of Wireless Positioning 

With the increase in competition among mobile service providers and increase use in mobile 

devices, mobile positioning has emerged as an important factor in this competition. Previously 

mobile positioning estimation was mainly used for call setup and messaging services but now 

with the evolution of 3G and 4G, the use of the location based services is increasing rapidly. 

Therefore in order to push or pull these services effectively to the MU, MU accurate location 

should be known and for that the network architecture has to be planned properly.   

For 2G and later, different techniques are developed to locate the MU with minimum error.   

Below figure 4 shows the current available local positioning systems and their location accuracy 

for indoor and outdoor environment. 

                 

Figure 4: Wireless Local-Positioning Systems [7] 
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From the figure 4 it can be seen that for indoor environment the error in location estimation is 

quite less, up to 100 m, it is because there are increase number of sensors in indoor environment 

than in outdoor environment. These sensors are then able to record the good strength of the 

received signal. The method and techniques used for location estimation in indoor environment 

are RSS and TDOA. The main factor that distorts the signal and reduces the location accuracy is 

fading. In outdoor environment the chances of fading are much high as compared to the indoor 

environment. Slow and fast fading are quite common in outdoor environment. Other parameters 

that distort the signal are obstacles. Obstacles cause multipath propagation and signal is received 

at different angles with different strengths.  As there are fewer sensors in outdoor environment 

than indoor environment therefore the location accuracy is poorer for outdoor environment. Most 

of the techniques used in outdoor location estimation provide an average accuracy of around 80-

100 m. These outdoor positioning techniques are Cell-ID, AOA, TOA, TDOA and DCM (Pattern 

Matching). Only the GPS is considered as the most accurate one and provides better accuracy 

than other positioning techniques.  

3.2.1 Positioning in Cellular Networks 

As stated in [3.2] different positioning techniques are used for indoor and outdoor environment. 

Each technique has certain characteristics, some provide better location accuracy in same 

environment and some don’t, therefore to obtain good location estimation it is important that the 

positioning techniques should be used according to the suitable environment. Cellular network 

positioning can be divided into two main categories standard and nonstandard positioning 

techniques. Standard positioning techniques used in cellular network include E-OTD for GSM, 

A-GPS for CDMA/GPRS, OTDA for WCDMA and Cellular ID. In WCDMA the accuracy 

improves with the installation of the BS’s at the right positions or increasing the number of BS’s 

and thus required modifications in the BS. In Cellular ID there is no concern about the effects of 

the parameters like fading because location is estimated through the cellular ID.  The location 

accuracy with Cellular ID is mainly depended on the size of a cell. If the cell size is small then 

the location accuracy will be improved and vice versa. [8] 

Nonstandard positioning techniques used in cellular network include smart antennas and pattern 

matching. Antennas location accuracy is mainly dependent on the number of antennas. Each BS 

must be equipped with a smart antenna thus a hardware modification is essential for this 
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technique. Pattern matching location accuracy is dependent on the number of BS’s. If the RSCP 

can be received by more than two BS’s then location accuracy will be improved. For pattern 

matching a server is required through which the information will flow. In pattern matching 

software modification is required.  

3.2.2 Location Estimation Methods 

In cellular environment the location of the MU is estimated through three methods. These 

methods are network-based, mobile-based and mobile-assisted. 

Network-Based 

In this method one or more than one BS’s record the RSCP measurements. These measurements 

are then transferred to the positioning server where the location of the MU is estimated. This 

method can also be classified as multilateral. In multilateral almost all the nearby BS’s take the 

RSCP measurements at the same time. It is better to take measurements simultaneously because 

it will provide the best estimation for the location of the MU.    

Mobile-Based 

In this method the MU is responsible for recording the RSCP measurements. Network is not 

involved in these calculations. The recorded measurements are then used to estimate the location 

of MU. Another classification of this method is unilateral. In mobile-based, the MU has to install 

client software. The software receives the measurements and location is estimated.  

Mobile-Assisted 

This method includes both the MU and the network. MU is responsible for measurements and 

then those measurements are transferred to the positioning server where the MU location is 

estimated. [8] 
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Table 1: Three Approached for Location Estimation 

Approaches Advantages Disadvantages Main 

Applications 

Network-Based 

 

No Handset 

Modifications 

Mobile must be in 

active mode 

Emergency 

services 

Mobile-Based Both active and 

idle modes for 

location 

estimation 

Software 

Installation 

navigation 

Mobile-Assisted Both active and 

idle modes for 

location 

estimation 

Handset 

Modifications 

Traffic 

alerts 

 

3.3 Commonly Used Positioning Algorithms  
To achieve accuracy in locating the MU in a cell, it is necessary to implement a suitable 

positioning method in a UMTS environment. Different positioning methods are available which 

show good accuracy and few of them are described below.  

3.3.1 Proximity Sensing 
In this technique, a pilot signal is transmitted by the MU to the BS or MU received it from BS 

and the location of the MU is estimated from the coordinates of the BS.  The implementation of 

this technique is easy and simple, therefore is largely used around the world. One of the 

advantages of this technique is that, it requires less overhead because the network only has to 

obtain the coordinates of the BS. The disadvantage of this technique is the location accuracy. It 

largely depends on the cell radius therefore, if the cell radius is large, then the location estimation 

will vary more and accuracy will decrease and if the cell radius is small then MU location 

accuracy will improve. [1] There are many factors which could affect the performance of Cell-ID 

technique. These factors include communication load, noise, multipath propagation etc. The 

location estimation can be improved with the use of additional terms like timing advance TA 

(Cell-ID) and round trip time RTT (Cell-RTT). [8] Multipath propagation badly affects signal 
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strength. Due to multipath propagation the signals are received from different paths and thus 

some of them are attenuated signal or amplified signal. From the strengths of these signals MU 

decides which BS has good signal strength. This could leads to false assumption and MS can 

connect itself to the BS that is farther located. This false assumption can lead to more signal 

degradation as MS is connected to the BS location which is far away from its location and thus 

will cause problems when determining the location of the MU.  [19] 

3.3.2 Lateration 
In this technique the range difference is calculated between the MU and the base stations. The 

minimum requirement of the base station is three. It will be better to include as much base 

stations as possible, because with this more accurate location of the MU can be estimated. There 

are two forms of lateration which are used to estimate the location of the MU and these are 

circular and hyperbolic lateration. It is only effective when there is a line of sight communication 

between the MU and the base station. If there is multipath propagation then the performance of 

this technique will not be same as before. [9] 

3.3.2.1 Circular Lateration or Time of Advance (TOA) 
In this technique, range measurements from at least three BS’s are used in order to determine the 

location of the MU. [10] 

                                푟 = 	 (푋 − 푥) + 	(푌 − 푦)  

푋  & 푌  are the coordinates of the ith BS  

x & y are the unknown coordinates of the target MU 

푟  is the distance between the MU and the ith  BS 

Figure 5 shows the location estimation of an MU with three BS’s. The most common use of this 

technique is in GPS. From at least three satellites, ranges are acquired and the position of the MU 

is determined. [1] 
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Figure 5: Location Estimation with three BS's 

3.3.2.2 Hyperbolic Lateration or Time Difference of Arrival (TDoA) 

In this technique time difference of a signal arrival from different BS’s is measured and based on 

these measurements the location of the MU is determined. The accuracy of these measurements 

is based on transmission time and speeds. [8] In Hyperbolic Lateration, hyperbola consists of set 

of all those points for which the difference in the range to two fixed points is constant [1].  In 

order to determine the location of the MU more accurately it is necessary that the BS’s should be 

time synchronized. This means that the time arrivals of a signal from different BS’s should be 

collected at the same time. For example, if time arrivals of a signal are collected from three 

different BS’s, two of them are time synchronized means that they transmit the signal 

information at the same time but the third BS is not time synchronized, and thus the information 

collected from that BS will be at different time. This will affect the accuracy in determining the 

location of the MU, because the time arrivals from three BS’s were not collected at the same 

time.  Therefore for better location estimation time synchronization of the BS’s is necessary. [20] 

If there are three BS’s involved then the range difference is given by 

푟  = (푋 − 푥) + (푌 − 푦) + (푍 − 푧)  - (푋 − 푥) + (푌 − 푦) + (푍 − 푧)  

푋 , 푌  & 푍  are the coordinates of the ith & the jth BS’s  

x, y & z are the unknown coordinates of the target MU 

푟  the difference between the ranges of ith and jth BS’s 
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There is no limit for the number of BS’s required for location estimation through TDoA. 

Multipath propagation affects the signal strength and it is possible that different BS’s will have 

different arrival time values of a same signal. When the time arrival from these BS’s is recorded 

there will be some values which are more accurate than others. This is due to the near and far 

BS’s locations and thus the differences in the received information will vary accordingly and 

cause problems in estimating the location of the MU. [21] 

3.3.3 Angulation 

In this technique, the angle between the MU and the nearby BS’s are acquired. When the BS’s 

receive the pilot signal from the MU, it calculates the angle of the MU and thus MU location is 

known by knowing the angle and the direction of the MU from the base station. When there are 

two BS’s involved in this process then the location of the MU from both BS’s is determined. The 

directions of the angles are used to locate the MU and the point where both the received angles 

from BS’s intersect with each other is considered to be as the location of the MU. The angle of 

the signal from two BS’s is given by 

                                                      훼  = arctan ( ) 

푋  & 푌  are the coordinates of the ith BS  

x & y are the unknown coordinates of the target MU 

훼  is the signal angle calculated from the coordinates 

To calculate the angle it is necessary to install antennas arrays at the BS’s. This makes the 

network more complex and in order to achieve accurate position more than one base station are 

required to minimize the difference in the angles. In practice minimum of two antennas are 

required for location estimation. In the angulation, the reflections are the main concern which 

could easily effects the results and therefore for better performance minimum reflection is 

necessary. [1] 

The antenna system consists of two parts, array of sensor elements and a real-time adaptive 

signal processor. Due to these parts the system has the ability to adjust different features of 

antenna like beam pattern, frequency response etc. This adjustment will help in collecting the 
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signal angle more accurately and will improve the location estimation. Multipath propagation is 

also a major problem in degrading the performance of angulation technique. To overcome this 

problem more than two BS’s are needed along with highly directional antennas. [8] 

3.3.4 Location Finger Printing (Pattern Matching) 

Pattern matching is another important technique to estimate the location of the MU. Pattern 

matching is done in two phases, off-line phase and on-line phase. In off- line phase, the site is 

covered in the grids, and the signal strengths are received from all girds. This results in a vector 

formation of signal strengths at the grids. In on-line phase, the MU collects the value of all 

received signal strengths from different base stations and sends this information to the server in 

order to locate its position in the cell. [9]  

3.3.4.1 Fingerprint Collection 

Fingerprints collection procedure is different for outdoor and indoor environment. In indoor 

environment fingerprints are created by using stationary measurements at fingerprint location. 

[14] As Global Positioning System cannot be used in the indoor environment therefore building 

location coordinates are used to create the fingerprints. In outdoor environment signal strength 

varies from time to time. This is because of fading and multipath propagation and it will be 

difficult to create a fingerprint with only one measurement by using stationary measurements as 

done in indoor environment. In outdoor environment it is necessary to take several measurements 

at several locations. Global Positioning System (GPS) is used to create fingerprints in outdoor 

environment because measurements of GPS are extremely accurate. [14] 

The process of position estimation by using datable correlation consists of three parts. 

 Fingerprint Filtering 

 Fingerprint Matching 

 Location Estimation 

Fingerprint Filtering - Fingerprint filtering could be used to limit the database search by 

reducing to an area of a cell to which MU is attached of each database fingerprint. In this step a 

cell with highest occurrence from other hearable cells is consider as a serving cell when 

extracting from the database fingerprints.  
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Fingerprint Matching - After fingerprint filtering, the next step is fingerprint matching. In this 

step correlation method is use to find the difference of the received signal strength measurements 

at the MU with database fingerprints. One of the methods used is DCM.  

3.3.5 Database Correlation Method (DCM) 
One of the techniques used in pattern matching is DCM. In DCM, a received signal is compared 

with the pre-recorded fingerprints to find the best matching fingerprint. The best matching 

fingerprint is the minimum distance between the required fingerprint and the pre-recorded 

(database) fingerprints. After correlation best matching value is selected and based on it the 

coordinates are determined. Whenever MU needs to be located, the signal strength is transmitted 

to the positioning server and the positioning server will calculate the MU location. A least mean 

square approach (LMS) is used for comparison of the requested RSCP with the database.  [15] 

푑 = (푓 −	푚 )
∈

 

fki = Signal Strength of the measurement  in the ith cell.  

푚  = RSCP of the 푖  cell in the measurement 

푆 =	 Set of Cells available for the both the measurements and the database fingerprints 

 푑  = distance between the measurement and the 푘  database fingerprint 

 DCM is fast and efficient technique for location estimation. For good performance large 

numbers of measurements are required because with it the effect of multipath propagation can be 

minimized. Large number of measurements can be obtained from more than one BS’s this will 

assist in minimizing the positioning error. [23].  

Location Estimation 

In this step the location is estimated by obtaining the minimum distance. [14] For location 

estimation all the short distances obtained from the comparison between the measurement and 

the database fingerprints. From the obtained short distances the minimum distance is found. This 

minimum distances is then used to location MU. 
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3.4 Major Positioning Challenges for Positioning Techniques 

Today the main communication challenge faced by the cellular systems is multipath propagation. 

In real environment it is impossible to receive the same signal as that of transmitted signal 

because of different factors like distance, propagation speed, fading, obstructions etc. These 

factors are inevitable; therefore it is difficult to location the MU with zero location error. These 

factors can be summed up into two main categorizations, environment and geometric.   

3.4.1 Environment 

During propagation transmitted signals strike with obstacles and thus result in reflection, 

refraction, diffraction and scattering.  These strikes result in change in direction of the incident 

signal, cause multipath propagation and reduce RSCP strength. This causes signal to fad and thus 

at the receiver end the same signal is received at different angles and times. Therefore in real 

environment the receive signal is always attenuated.  Different positioning techniques are based 

on the received signal and thus the environmental factors badly affect the location estimation 

from these positioning techniques. In cellular communications it is not easy to minimize the 

location error by using the measurements of only one BS. To improve the location estimation 

most of the positioning techniques use more than one BS. This technique assists in getting more 

measurements of the same signal from different BS and based on those measurements location is 

estimated more accurately. DCM works better than other positioning techniques in non-uniform 

environment, because in non-uniformity DCM can use measurements of the same signal from 

different BS’s with different strengths.  

3.4.2 Geometric 

Location estimation can also be affected by geometric arrangements. If the BS stations have 

good geometric arrangement, then the location estimation of MU will be more accurate 

otherwise the location estimation error will increase. Once BS’s are installed it is then impossible 

to modify the network topology thus it is essential to test the planned network topology before 

installing the BS’s at different locations. Another way to minimize the location error is by 

introducing more reference points. More reference points mean more thus providing large 

measurements of the signal. Any deviation caused by the geometric arrangement can be spotted 

through reference points measurements. Therefore good network topology and more reference 

points also assist in minimizing location error. [10]  
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Chapter 4 

UMTS positioning  
 

4.1 WHY UMTS Positioning? 
There are many characteristics of UMTS network that makes it more suitable for MU location 

than GSM network. These characteristics are: 

Base Station Density- UMTS network architecture in urban area is densely-populated. This 

means that a given area is populated with high number of BS’s. With dense network the chances 

of receiving RSCP increased. Furthermore with dense network the coverage is increased and user 

can access to different services better in UMTS network. 

Synchronization- For network elements to communicate together it is imperative that the 

elements are properly synchronized to exchange signal with each other. These elements could be 

the BS’s or Radio Network Controller (RNC). For synchronization all elements are equipped 

with clocks that operate at a certain frequency. It is important that all the clocks should work on 

same frequency in order to synchronize and communicate properly. In UMTS network with 

synchronization the information delay can be minimized and that helps in improving the quality 

of the network.  

Time Alignment- Time alignment is used between the UMTS network elements. With time 

alignment the data is received in a proper time slot and thus eliminate the collision or 

overlapping. Time alignment is imperative because the customers require high quality of service 

and with time synchronization the variation delay and end-to-end delay will be minimized. [25]  
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4.2 Positioning in UMTS 
In UMTS, MU positioning can be determined through various types of measurements and these 

measurements are used in different positioning algorithms. These parameters includes, RSCP, 

Ec/No, path loss, time difference, scrambling code and RTT. 

Received Signal Code Power (RSCP) 

 RSCP is the signal code power measured by the receiver of a particular MU. It is used as an 

indication of received signal strength. It is measured on Common Pilot Channel (CPICH) and it 

can be obtained in both active and idle mode in both downlink and uplink. RSCP measurement 

unit is dBm and has the range of -140dBm to -15dBm with a resolution of 1dB. [24] RSCP given 

a resolution of 1dB with a range of [-115 - 40] dBm. The protocol specifications of the RSCP 

levels are given in table 2 below. 

Table 2: RSCP Resolution 

RSCP Levels Resolution 

RSCP_LEV _00 RSCP < –115 dBm 

RSCP_LEV _01  -115 dBm ≤ RSCP < –114 dBm 
RSCP_LEV _02 -114 dBm ≤  RSCP < –113 dBm 

... … 

RSCP_LEV _89 
 

-27 dBm ≤  RSCP < -26 dBm 

RSCP_LEV _90 
 

-26 dBm ≤  RSCP < -25 dBm 

RSCP_LEV _91 -25 dBm ≤  RSCP 

 

Ec/No 

It is the received energy per chip/power density in the band. Ec can be called RSCP value and 

No is the total receive power. It is measured in dB and has the range of -34dB to 0dB. [24] 

Ec/No gives a resolution of 1dB with a range of [-24 - 0] dB. The resolutions of the Ec/No are 

shown in the table 3 below.  
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Table 3: EC/No Resolution 

Ec/No Levels Resolution 

CPICH_Ec/No _00 
 
 

CPICH Ec/No < –24 dB 

CPICH_Ec/No _01 
 

-24 dB ≤  CPICH Ec/No < –23 dB 

CPICH_Ec/No _02 -23 dB ≤ CPICH Ec/No < –22 dB 

... 
 

… 

CPICH_Ec/No _23 
 

-2 dB ≤  CPICH Ec/No < -1 dB 

CPICH_Ec/No _24 
 

-1 dB ≤  CPICH Ec/No < 0 dB 

CPICH_Ec/No _25 0 dB ≤  CPICH Ec/No 

 

In RSCP the measurements unit is dBm whereas Ec/No is in dB. Furthermore from the protocol 

specification the number of RSCP levels is 96 whereas Ec/No have 25 levels.  

Path loss 

Path loss is the signal power attenuation during the propagation. This attenuation can be caused 

me many factors like, transmission power, refraction, diffraction, noise etc. Path loss is the most 

efficient and accurate way to measure the location of the MU but in real scenarios it is strongly 

dependent on the environmental factors and sometimes it might not be available. [24] 

Time Difference 

Time difference of signal arrival from different BS’s is measured and is mainly dependent on the 

transmission time, speed and environmental factors. If there is a multipath propagation it could 

easily change the arrival time of the signal. [8] 

Round Trip Time (RTT) 

RTT is the total time of a signal after being transmitted and received by the BS. It could only be 

measured in the active mode and measurement is possible at both uplink and downlink.  
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Scrambling Code/ Cell ID 

Cell ID is different from other Cell ID’s. Also each Cell ID has a unique frequency when 

compared with the neighboring Cell ID’s. Every MU is assigned with a Cell ID when moving 

from one cell to another.  

4.3 Previous Work 

To locate the mobile terminal different positioning algorithms are developed which can be 

categorized as network-based or mobile-based or mobile-assisted-based. 

In [11], the accuracy of the correlation algorithms, Least Mean Square (LMS) and EXP (a 

method to compute the score is motivated by the Gaussian probability distribution), is compared 

by implementing on different propagation models used for the planning of mobile radio networks 

for rural/suburban and urban. To measure the accuracy, a pedestrian was moved at a walking 

speed for 2 km at two different routes. Measurements were taken after five seconds so the two 

routes consist of 365 and 350 measurements. The experiment was conducted in Stuttgart, 

Germany. After recording the Cell ID’s and received signal strength, LMS and EXP were 

applied. From the results obtained it was found that EXP has better location accuracy than LMS. 

LMS showed that in 67% of the cases mobile terminal was located within an error of 98m 

whereas EXP showed the same with 83m and for the 92% of the cases LMS showed a mobile 

terminal located with an error of 282m and EXP showed the same with 192m. 

In [12] DCM was implemented to locate the mobile terminal within a live GSM cellular network 

and later compared the results with other network-based methods like CellID + TA, UL-TOA, 

and AOA and mobile-based positioning techniques. The results on based on different 

propagation model in the GSM environment. From the results it was found that CellID could 

locate a mobile terminal in 67% of the cases with an error of 639m. DCM had the better 

accuracy, it could locate a mobile terminal in 67% of the cases with an error of 483m, AOA 

located a mobile terminal in 67% of the cases with an error of 48m and CellID + TA with an 

error of 415m. As the experiment was performed within GSM network, if UMTS network is 

used then the DCM accuracy can be improved further because of increase in Base Stations 

density.  
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In mobile terminal location for UMTS, DCM showed improved accuracy. In two different 

positioning techniques OTDOA and DCM were used to measure the accuracy in locating the 

mobile terminal. Database for DCM was created based on Error Correction Method. For the 

experiment 24 sites with 51 cells (base station sectors) were included. From the results it was 

found that DCM showed 67% accuracy within 25m and 95% within 188m while OTDOA 

showed 67% accuracy within 215m and 95% accuracy within 467m. [13] 

To improve the accuracy with DCM, different techniques in GSM are proposed in paper. To 

further improve the accuracy with DCM different techniques are proposed. DCM proposed in 

used two methods to estimate the position. Method-I measures the signal distance between the 

observed and the database fingerprint. Least Mean Square (LMS) is used to compare the 

measurements.  

In the Method-II each cell in the database fingerprint is defined with valid received signal 

strength (RSCP) in each fingerprint by using average RSS and standard deviation of the 

corresponding cell. Standard deviation of RSS of every cell in every fingerprint is calculated and 

stored in the database. After getting an input, it is compared with the RSCP fingerprints and the 

location is estimated. 

In location is estimated through two different algorithms, Nearest Neighbor method (NN) and 

Weighted k Nearest Neighbor Method (WKNN). The experiment was performed in three 

environments; Urban, Suburban and Rural. From the results it was found that DCM-NN 

performed best in location estimation in urban areas whereas, DCM-WKNN performed best in 

location estimation in suburban areas. For urban scenario DCM-NN showed 67% accuracy with 

an error of 112m while DCM 1 (Method-I) showed the same accuracy within 150m and CellID 

within 258m. In suburban environment DCM-WKNN showed 67% accuracy with an error of 

299m whereas, DCM showed the same accuracy within 330m and CellID within 1217m. In rural 

area DCM-WKNN showed 67% accuracy with an error of 221m whereas, DCM showed 67% 

accuracy with an error of 240m and CellID within 1045m. [14] 

From the analysis of DCM performance in different networks it was found that DCM can locate 

mobile terminal with less error in UMTS than in GSM as shown in figure 7. Thus DCM is the 

better choice for the location of MU in the UMTS network. Table 4, shows the summary of the 
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previous work by comparison of different positioning techniques in terms of accuracy in locating 

the mobile terminal in a GSM network.  From the table 4 it can be seen that DCM offers better 

accuracy than other positioning techniques and therefore can locate mobile terminal with less 

error in both the GSM network and the UMTS network.  

Table 4: Different Positioning Methods Accuracy 

Accuracy DCM (error 

in meters) 

Cell ID 

(error in 

meters) 

OTDOA 

(error in 

meters) 

67% (98-150) 258 215 

95% 296 526 467 

 

4.3.1 Previous Work- Penalty Term 

Penalty term is applied when a Cell ID or/and RSCP value is missing/mismatched from the 

requested or/and the database fingerprint as shown in below tables. The penalty term affects the 

accuracy of location estimation and therefore different methods are used to calculate penalty 

term. Some of the penalties terms used in pervious literatures are described below.  

4.3.1.1 Constant Penalty: 

A constant penalty can be used in the positions of non-existent values in either measurement or 

in database fingerprints. 

The simplest way to implement penalty is shows in equation (1). In this equation the fingerprint 

푓  that is most similar to the measurement 푔  is to be found. The distance 푑  between the 

measurement and the fingerprint is expressed as: 

푑 = 	 ∑ (푓 −	푔 ) + 푝 	………………….. (1) 

푑  = distance between the measurement and the database fingerprint. 

fi = RSCP of the measurement in the 푖  cell.  

푔  = RSCP of the stored 푘  fingerprint. 
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푝(푘) = Penalty term for either the missing or nonmatching Cell ID in the requested or the 

database fingerprint. 

4.3.1.2 Dynamic Penalty 

One way to improve the accuracy in the DCM algorithm is to find penalty values that give better 

correlation between the measurement and the database fingerprint. Some of the suggestions 

available in previous literature are discussed below. By dynamic penalty it means the different 

values of penalty can be used based on the missing values in either the observed fingerprint or 

the database fingerprints. The distance between the measurement and the 푘  fingerprint is given 

below. 

푑 = 	 ∑ (푓 −	푔 ) + 	∑ (푓 −	 푙 ) + 	∑ (푙 − 	푔 ) …….. (2) 

푙  , a penalty value when there is either mismatch of Cell ID in measurement or in the 

fingerprint. 

fi = RSCP in the measurement of the 푖  cell.  

푔  = RSCP of the 푖  cell in the 푘  database fingerprint. 

푔  = RSCP of the 푘  cell in the 퐾  database fingerprint. 

In equation (2) the 푙  shows that the penalty is used for the non-matching Cell ID’s in the 

database fingerprint or the measurement. [14] 

Another dynamic penalty is used in [15]. The weakest signal of either the measurement or of the 

fingerprints is subtracted and a constant penalty term is added and the distance between the 

measurement and the 푘  fingerprint is given in equation (3). [15] 

푑 	= 	 ∑ (푓 −	푔 ) + 	∑ (푓 −	 푙 + 	10) ∗ 	 + 	∑ (푙 − 	푔 + 	10) ∗ --- (3) 

fi = RSCP in the measurement of the 푖  cell.  

푔  = RSCP of the 푖 cell in the 푘 database fingerprint. 

k = 푘 database fingerprint. 
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 i = 푖 cell in the measurement. 

A constant penalty term 10 is added. 

Penalty terms are weighted by the term  

푙  , a penalty value when there is either mismatch of Cell ID in measurement or in the 

fingerprint. 

In [16], another approach is used by dividing each term with total number of cells present. The 

distance between the measurement and the 푘  fingerprint is given below: 

푑 		= ∑ ( 	) + 	
∑ ( 	 )

	+ ∑ ( 	 ) 	 ……….. (4) 

fi = RSCP in the measurement of the 푖  cell.  

푔 	= RSCP of the 푖 cell int the 푘 database fingerprint. 

푙  , is a penalty value used in the above equation. 

k = 푘 database fingerprint. 

 i = 푖 cell in the measurement. 

푁1, number of cells present in the measurement and the fingerprint 

푁2, number of cells present in the measurement but not in the fingerprint 

푁3, number of cells present in the fingerprint but not in the measurement 

In [18], different approaches are used for a penalty term are described below.  

(c) Classical Fingerprinting- In this algorithm the RSS value(s) which doesn’t exist either in the 

measurement or in the database fingerprint (NAN) is considered to be zero as shown in equation 

(5). 
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푓 −	푔 (푘),					푓 	≠ 푁퐴푁, 푔 	≠ 푁퐴푁
																																									

0,																																								표푡ℎ푒푟푤푖푠푒
  …………………………….. (5) 

fi = RSCP in the measurement of the 푖 cell.  

푔 = RSCP of the 푖 cell in 푘 database fingerprint. 

This algorithm is quite simple because there are no additional algorithms used to compute the 

NAN values. Equation 5 is summarized below. 

I. If measurement contains a NAN values this means that it doesn’t receive RSCP from the 

base station. If this happen it shows that it is more likely that the mobile terminal is far 

from that particular base station which can’t be recognized in the classical fingerprinting 

technique.  

II. In the case when the database fingerprint is missing an RSCP value from a base station 

but that value is present in the measurement then this shows that the mobile terminal 

location is near to that particular base station.  

It is important to include the NAN (not a number, representing a non-detection event) in the 

calculation because this could help to improve the accuracy of mobile terminal location. 

(d) BS-Strict: 

Further in [18], improve algorithm BS-Strict is used which involved NAN values to some extent 

and is shown in equation (6). 

푓 −	푔 (푘),					푓 	≠ 푁퐴푁, 푔 	≠ 푁퐴푁
	

			0,																푓 = 푁퐴푁,							푔 = 푁퐴푁
							∞,																		표푡ℎ푒푟푤푖푠푒																																			

……………….. (6) 

fi = RSCP in the measurement  of the 푖 cell.  

푔  = RSCP of the 푖 cell in the 푖 database fingerprint. 
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In this algorithm if both the measurement  and the database fingerprint contains NAN values of a 

particular base station then these values will be neglected which is same as in classical 

fingerprinting, but only difference is when either the measurement  or the database fingerprint 

contains the NAN value of a particular base station but not both. In this case these values NAN 

values will be considered to be infinity. The use of this algorithm will improve the location 

estimation of the mobile terminal because it involves base stations identification to some extent 

which is not included in the classical fingerprinting. 

(e) BS-Soft:   

The NAN values which are considered to be infinity also contains useful information about the 

location of the mobile terminal, therefore it is better to involve those values in the algorithm to 

improve the location accuracy. This approach is used in BS-Soft algorithm, in which high values 

are used in place of infinity. This will overcome the problem of elimination of the base stations. 

BS-Soft algorithm is described in equation (7).                

훽 = 

⎩
⎪
⎨

⎪
⎧
							1,											푓 = 푁퐴푁,			푔 (푘) = 푁퐴푁	
μ , 		푓 = 푁퐴푁, 푔 (푘) 	≠ 푁퐴푁	

min훼 , 			푓 	≠ 푁퐴푁, 푔 (푘) = 푁퐴푁		
훼 , 										푓 	≠ 푁퐴푁, 푔 (푘) 	≠ 푁퐴푁	

……………….. (7) 

훽 , defines a minimum distance measured between the measurement and the fingerprint only for 

푗 base station 

µ, a constant design parameter, should be <= 1 

푓 ,	Minimum RSCP value in the measurement  

훼 , standard deviation 

In equation (7), instead of infinity different values are used to replace the NAN values. This 

approach also includes those base stations which are eliminated in the BS-Strict algorithm. 
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Chapter 5 

 System Description  
 

In this thesis the DCM positioning method is used to estimate the location of the MU. To 

measure the performance of the algorithm around 2000 unique values are used as measurement 

set and around 5000 unique values are used as training set. TEMS investigation tool was used to 

provide the data. The fingerprints are recorded in the area of about 450 x 400 m in Norrköping 

city, Sweden. After getting the required data the algorithm is developed to estimate the location 

of the MU.  

In this section first UMTS positioning framework will be discussed and later DCM and different 

penalties techniques are explained.  

5.1 Positioning System Description 

 

Figure 6: Detailed System Description 
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The Positioning system consists of 4 major parts mobile client, positioning server, database and 

web interface.  

Input to the positioning server is provided by the mobile client in the form of RSCP (one main 

and neighboring cell) and Cell-ID. The database contains the previous recorded coordinates and 

received RSCP values collected from the GPS enabled device. The positioning algorithm runs on 

the positioning server in order to estimate the location of the mobile client. The positioning 

algorithm retrieves the fingerprints from the database and compares them with the input or 

measurement acquired from the mobile client. Fingerprints contain information about latitude 

and longitude, Cell-ID and RSCP.  The estimated location of mobile client is then sent to web 

interface.  

5.1.1 Why DCM 
The advantages of DCM over other positioning techniques are as follows: 

i. DCM easily utilizes any location-dependent signals in the cellular network like RSCP, 

Ec/No, path loss and power delay profiles [15].  

ii. DCM can be applied to any cellular or wireless network, outdoor or indoor environment.  

iii. Work best in dense urban environment because the BS density is higher in urban 

environment than in rural environment and therefore increases the number of hearable 

cells at a certain location. [14] 

DCM Mathematical Representation 
Below Equation shows the general representation of the DCM. 

푑  = distance between the measurement and the 푘  database fingerprint 

푓  = RSCP of the 푖  cell in the database fingerprint 푘 

푚  = RSCP of the 푖  cell in the measurement 

푆 =	 Set of Cells available for the both the measurements and the database fingerprints 

 

 

푑 = 	 (푓 − 푚 )
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5.2 Database Correlation Algorithm 
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Figure 7: DCM Algorithm Flow Chart 
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The figure 7 represents the working of the DCM. The two vectors Cell ID and RSCP of each 

measurement is used as an input to DCM. The next step is to compare each vector with the 

database fingerprints and then find the Euclidean distance. During comparison two conditions 

are considered. First, for matching Cell ID’s in the measurement and the corresponding database 

fingerprint, the Euclidean distance is found. Second, for matching Cell ID’s but missing RSCP’s 

and for mismatch Cell ID’s in the measurement and the corresponding database fingerprint, 

different penalties are used.  In this thesis only penalty for mismatch Cell ID’s is used as RSCP 

for the matching Cell ID’s are available in both the measurement and the database fingerprint.  

Examples of Cell ID and RSCP are shown in table 5. RSCP values are in dBm.  

Table 5: Measurement Example as Reported by the Cell-ID 

Cell ID 292 460 124 350 

RSCP -79 -81 -85 -80 

 

After getting the vectors Cell-ID and RSCP, DCM algorithm then accesses the database to 

retrieve the database fingerprints as shown in table 6. 

Table 6: Fingerprints Examples as Stored in the Database 

Row ID Latitude Longitude Cell 

ID1 

RSCP1 Cell 

ID2 

RSCP2 Cell 

ID3 

RSCP3 

1 58.59139 16.173784 292 -83 460 -85 124 -79 

2 58.59275 16.174639 292 -79 460 -75 350 -82 

 

 The database fingerprints and the measurements are then correlated to estimate the location of 

MU. 

5.3 Penalty Conditions 

During correlation, every measurement Cell ID is compared with the corresponding Cell ID’s of 

the database fingerprints and if there is a mismatch, a constant or dynamic penalty term will be 

used.  There are two conditions that are considered while applying a penalty term. These 

conditions are: 
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I. Missing RSCP in the measurement or the database fingerprint of matching Cell IDs. If all 

the RSCP values are in the standard RSCP set of values range defined by 3GPP then 

there is no penalty but if there is a missing RSCP value(s) that is not in range of standard 

RSCP set of values defined by 3GPP then a penalty term will be used. But since there is 

no missing RSCP in the database fingerprints therefore only condition II is applied in the 

thesis.  

II. Mismatch Cell IDs in the measurement or the database fingerprint. For example when the 

Cell IDs of measurement and the database fingerprint are compared, if there is a Cell ID 

of the measurement that is not present in the database fingerprint or a Cell ID of the 

database fingerprint is not present in the measurement then the penalty is used.  

Table 7: Cell ID Mismatch 

 

 

The table 7 represents penalty condition II. When the measurement and the database fingerprint 

are compared together, there is a Cell ID mismatch at position 2. Cell ID 460 of the measurement 

is not present in the database fingerprint and also Cell ID 124 of the database fingerprint is not 

present in the measurement and thus a penalty is applied for both. 

For matching Cell ID’s, one way is to find the difference of the measurement and the database 

fingerprint and then squared the difference. The penalties are then added to the squared value to 

find the distance.  

This process will continue for the all the database fingerprints. For every fingerprint a distance is 

found. After obtaining distances for all the database fingerprints the minimum distance is found. 

The coordinates of the basic case will be considered as the estimated location for the 

measurement.    

5.4 Location Estimation  

This is the final step where the location of the measurement is estimated. When the distances of 

the measurement with all the database fingerprints are obtained the minimum distance is found. 

This minimum distance is considered as a nearest neighbor of the measurement. The 

Cell ID 292 460 

RSCP -90 -77 

Cell ID 292 124 

RSCP -80 -101 
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corresponding coordinates of the nearest neighbor are retrieved. These coordinates are the 

estimated location of the MU. 

There is another approach to locate the MU. In this approach, three nearest neighbors are found. 

The mid-point of the neighbors is then calculated. The corresponding coordinates of the mid-

point are retrieved and considered as the final position of the MU. The formula to calculate mid-

point: 

푚 = final position of MU 

푛 = Nearest Neighbors 

푚  = Mid- point  

푚 = 	 푛 + 	푛 + 	푛 	 

푛  = Nearest Neighbor 1 

푛  = Nearest Neighbor 2 

푛  = Nearest Neighbor 3 

5.5 Penalty Techniques 
In this section, different penalties techniques based on the penalty conditions will be described. 

Furthermore the effects of these techniques on the MU location will be compared and discussed 

in the next chapter.  

5.5.1 Technique I: Penalty ‘0’ 

It is the simplest penalty technique. In this technique when there is either a Cell ID mismatch or 

missing Cell ID, then such situations are neglected. Only the matching Cell ID’s are used to 

estimate the MU location.   

푆 =	 Set of Cells available for the both the requested fingerprint and the database fingerprints 

F = Set of Cells available in the database fingerprints but not available in measurements 

M = Set of Cells available in the measurements but not available in database fingerprints 
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푝  , 푝 = constant penalty 0  

 

														푑 = 	 ∑ (푓 −푚 )	 	+ 	∑ 푝∈ + 	∑ 푝∈     ------------------- (1) 

After applying the penalty, since 푝  and	푝   is zero, equation (1) becomes,  

푑 = 	 ∑ (푓 −푚 )	 	 ------------------- (2) 

 

Motivation 

The main reason to apply this technique is to check the effect of using only the matching Cell 

IDs in the algorithm and therefore non-matching and missing Cell IDs are neglected.  

5.5.2 Technique II: Penalty ‘100’ 

In this technique a constant value ‘100’ is substituted for RSCP’s when there is a mismatch or 

missing Cell ID(s) in the measurement and the database fingerprint.  

After applying the constant value ‘100’ the final equation (3) will become,  

 

  푑 = 	 ∑ (푓 −푚 )	 	+ 	100 ------------------- (3) 

 

 

Motivation 

The reason to use a constant value ‘100’ is explained through an example. For example for the 

measurement there is only one RSCP of -79dBm from Cell 292 and the database contains two 

fingerprints 1 and 2. Database fingerprints contain the RSCP from two Cells. Both the database 

fingerprints contains the same RSCP (-79dBm) from Cell 292, whereas database fingerprint 1 

contains a weak RSCP of -110dBm from Cell 460. The database fingerprint 2 contains a much 

stronger RSCP of -90dBm from Cell 460. There is an unmatched Cell ID in database fingerprint 
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Cell 460 when compared with the measurement Cell 292. A constant penalty term is used in 

place of unmatched Cell ID, so that both the database fingerprints would be treated equally. 

5.5.3 Technique III: Squaring RSCP of Missing Cell IDs 

In this technique when there is a non-matching Cell IDs the corresponding RSCP measurements 

are squared and no additional penalty is used.  

푝 = 	푓푘푖 

푝 = 	푚푖 

푑 = ∑ [푓 	− 푚 ]∈ + 	 ∑ (푝 ) 	∈ + (∑ (푝 )∈ )  ------------------- (4) 

Motivation 

This technique is not found in the previous literatures that are used as reference in this thesis, 

because most of the techniques authors used some penalties for mismatching Cell ID’s and the 

technique used in this thesis, has no penalty added to the mismatch Cell IDs and only the 

information from mismatch Cells is used.  

It is possible that the RSCP for each non-matching Cell ID is different and therefore will result in 

different distances when compared to Technique II where only a constant value of ‘100’ is used.  

5.5.4 Technique IV: Offset ‘120’, ‘110’ 

In this technique an offset of 120 is added to all the RSCPs of the measurement and the database 

fingerprint.  

푓  = RSCP of the 푗  cell in the database fingerprint 

푚  = RSCP of the 푙  cell in the measurement 

표푓푓  = offset of 120, 110 

 

푑 = ∑ [(푓 + 표푓푓 ) 	− (푚 + 	표푓푓 )]∈ + 	 ∑ (푓 + 	표푓푓 ) 	∈ + (∑ (푚 + 	 표푓푓 )∈ )  --

----------------- (5) 
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Motivation 

Moving on with the example in Technique II, as database fingerprint 1 contains a weak signal 

from Cell2 this means that the Cell2 is further when compared with the database fingerprint2. On 

the other hand the measurement will be considered even further because there is an unmatched 

cell ID with strong RSCP in the database fingerprint 2 as compared to the database fingerprint 1. 

To counter this, an extremely low RSCP signal -120dBm is introduced as a penalty for the non-

matched Cell ID. By using extremely low level RSCP, the database fingerprint 1 will be 

considered as a best matching than database fingerprint 2.  

This technique is different from other techniques used in the literature because it adds offset for 

both matching and mismatch Cell ID’s where as other techniques have focus on only mismatch 

Cell ID’s. This technique is further analyzed by using offset ‘110’. As in the database fingerprint 

some of the RSCP contains weak signal of 110dBm, therefore offset ‘110’ is considered in the 

given set of the RSCP values.  

5.5.5 Technique V: Average 

As discussed previously an offset value is added to all the RSCPs of the measurement and the 

database fingerprints. In this technique an RSCP average is used in place of offset values to 

examine the effects on the positioning.  

푝  = RSCP average value in the database fingerprints 

푑 = ∑ [(푓 + 푝 ) 	− (푚 + 	푝 )]∈ + 	 ∑ (푓 + 	푝 ) 	∈ + (∑ (푚 + 	푝 )∈ )  ---------- (6) 

 

Motivation 

This technique is exactly the same as the Technique IV. The only difference is now the mean or 

the middle value of RSCP measurements is considered to be an offset value in place of offset. 

When the data set/ measurements contains the too far either minimum or extreme value then by 

using mean the accuracy could be improved much. The accuracy with mean will only improve 

when the measurements are consistent.  
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5.5.6 Technique VI: Length Square 
This technique is a modified form of a constant penalty technique.  

푁  = Total number of cells of the database fingerprint set 

푁 = Total number of cells of the measurement set 

푑 = 	 ∑ (푓 − 푚 )	 	+ 	∑ 푁∈ + 	∑ 푁∈  ------------------- (7) 

In this technique, when a measurement is compared with each database fingerprint, if there is a 

missing Cell ID in measurement then the total number of Cell ID’s in the database fingerprint 

will be squared and if there is a missing Cell ID in database fingerprint then the total number of 

Cell ID’s in the measurement will be squared.  

Motivation 

This technique is a novel technique and never used in any other literature referenced in this 

thesis. This technique can be considered as a constant penalty technique because it uses less 

varying penalties as in most of the cases there are a minimum number of mismatch Cell IDs.   

5.5.7 Technique VII: Literature I 
This technique [16] is a literature study and is used to compare the results of other penalty 

techniques in this thesis.  

푑 = 	 ∑ ( ) 	 + 	∑ ∈ + 	∑ ∈	  ------------------- (8) 

푁 = Total number of cells in the measurement and the database fingerprint 

푁  = Total number of cells of the database fingerprint set 

푁 = Total number of cells of the measurement set 

In this technique, the matching Cell IDs are divided by the total number of cells of the 

measurement and the database fingerprint. For the non-matching and missing Cell IDs the 

corresponding total number of cells of either the measurement or the database fingerprint is 

divided.  

Motivation 
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This technique is used to compare the results with different techniques used in this thesis. This 

will provide a good estimation about how much the MU location is improved and which 

techniques provides better results and which of them don’t. With normalization it is possible to 

improve the location accuracy because with more hearable cells the normalized value (total 

number of cells) will be high and the value obtained by dividing with normalized value will 

result in low value when compared to the less hearable cells.  

5.5.8 Technique VIII: Divide: Measurement & Fingerprint Total Cells   
This technique is a slight modification of the technique VII. The only difference is for the 

matching Cell IDs, each measurement RSCP is divided by the corresponding total number of 

cells of the measurement and each database fingerprint RSCP is divided by the corresponding 

total number of cells of the database fingerprint.   

푑 = 	 ∑ −	 	 + 	∑ ∈ + 	∑ ∈	 ------------------- (8) 

Motivation 

This technique is the variation of technique VII. This technique normalizes each RSCP signal 

with the total number of cells present in either the measurement or database fingerprint. If there 

is less multipath propagation then there is a good chance that the total number of cells of the 

measurement and the database fingerprint are the same and therefore the RSCP signals will be 

divided with the same value every time. But if there is a difference in the total number of cells of 

the measurement and database fingerprint then this means that the signal is not received properly 

and thus positioning error can be increased.  

5.5.9 Technique IX: Divide Length Difference 
This technique is a modified form of Technique VIII. In this technique the difference in total 

number of cells of the requested and the database fingerprint is used. 

퐿  = Difference of total number of cells of measurement set and database fingerprint set 
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푑 = 	

⎩
⎪
⎨

⎪
⎧ ∑ −	 	 + 	∑ ∈ + 	∑ ∈	 	 , 퐿 = 0

∑ ( )
	 	+ 	∑ ∈ + 	∑ ∈ ,			퐿 ≠ 0

------------------- (9) 

In this technique the every matching and non-matching result are divided by the length 

difference. There is one additional condition where only the total number of cells of the 

requested and database fingerprint are divided in place of length difference. This condition is 

applied when the length difference is zero. In such cases the result will become infinity otherwise 

which doesn’t provide good result. 

Motivation 

This technique is a novel technique and never used in any other literature referenced in this 

thesis. Length difference shows that there are some Cell ID’s that are not heard by either the 

measurement or database fingerprint therefore the number of Cell ID’s that are not heard are 

divided to every measurement and database fingerprint.  

5.5.10 Technique X: Constant + length Difference 
The technique is a slight modification of Technique II. In this technique to the constant penalty 

term, the total number of Cells that are not heard is added. 

푑 = 	 ∑ [(푓 −푚 ) + 	퐿 ]	 	+ 	∑ 푝 + 퐿∈ + 	∑ (푝 + 	 퐿 )∈  ------------------- (10) 

Motivation 

This technique is a novel technique and never used in any other literature referenced in this 

thesis. In this technique the length difference is added to all the measurements and the database 

fingerprints. Furthermore, this technique is different from technique II because it also adds 

length difference with the contact penalty ‘100’. This technique is used to analyze the effect of 

the missing Cell ID with the constant penalty term. 

 



45 
 

Chapter 6 

Results 
__________________________________________________________________________________ 

In this section, the results of different penalty techniques described in chapter 5 will be 

compared. Furthermore the effects of different evaluation sets and training data sets on the 

location accuracy will be analyzed.  

6.1.1 Technique I & II Results:  

Below table shows the comparison of techniques I & II in terms of position accuracy.   

Table 8: Techniques I & II 

 Technique I Technique II 

Min Value 1.488883 0.84042 

Max Value 276.1049 306.8705 

Average 98.41026 63.77366 

 

From the table 8 it can be seen that Technique II provides much better positioning results than 

the technique I. Below graph shows the position error for both techniques.  
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Figure 8: Technique I & II Comparison 

Graph clearly shows that technique II provides much better results than the Technique I. It is 

because Technique II also utilizes information obtained through non-matching and missing Cell 

IDs. Technique I only utilizes the information retrieved from the matching Cell IDs and neglects 

other options. Therefore to improve the performance of the algorithm and to minimize the 

position error the non-matching and the missing Cell IDs are used in all other techniques.  

6.1.3 Technique II, III & IV Results:  

Below table 9 shows the comparison of techniques II & III in terms of position accuracy.   

Table 9: Techniques III & IV 

 Technique II Technique III 

Min Value 0.84042 0.84042 
 

Max Value 306.8705 306.8705 
 

Average 63.77366 64.4687 
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From the table 9 it can be seen that Techniques II & III provide better positioning than technique 

I. Below figure 9 shows the position error for the three techniques.  

 

Figure 9: Technique I, II & III Comparison 

From the figure 9 it can be seen that there is not much difference between techniques II & II. 

Both the techniques provide better accuracy than technique I. Therefore the use of RSCP 

measurements of both the non-matching and missing Cell IDs can provide better positioning 

results.  

The same concept of Technique III was used further but with different offsets. Offset 120 and 

110 are used in Technique IV and the below table 10 shows the comparisons of Technique III 

and IV.  
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Table 10: Technique III vs. Technique IV (Offset 120) 

 Technique III (Offset 0) Offset 110 Technique IV: Offset 

120 

Min Value 0.84042 
 

0.84042 0.84042 
 

Max Value 306.8705 
 

306.8705 306.8705 
 

Average 64.4687 
 

64.11973 
 

63.93437 

 

From the table 10 it can be seen that offset 120 provides better performance than other two 

offsets. This is because offset 120 is outside the RSCP database values range whereas the other 

offsets are present in the RSCP database values and thus affects the result.   

6.1.6 Technique V, VI & VII Results:  

Below table 11 shows the comparison of techniques V, VI & VII in terms of position accuracy.   

Table 11: Techniques V, VI & VII 

 Technique V Technique VI Technique VII 

Min Value 0.84042 
 

0.84042 0.84042 

Max Value 306.8705 
 

306.8705 299.63 
 

Average 63.93437 64.11973 
 

78.54153 
 

 

From the table 11 it can be seen that Technique III provides better positioning results than the 

technique IV & V. Below graph shows the position error for the techniques.  
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Figure 10: Technique V, VI & VII Comparison 

From the figure 10 it can be seen that the Technique V uses the average of all the RSCP 

measurements and thus shows poor results. Similarly in Technique IV offset 120 showed much 

better performance than offset 110. There were some measurements that have the RSCP 

110dBm. Therefore while using an offset value it is important that the value shouldn’t be present 

in the measurement set of RSCP values.  

6.1.7 Techniques VIII, IX & X Results:  

Below table 12 shows the results of techniques VIII, IX & X.  

Table 12: Techniques VII, IX & X 

 Tech: VIII Tech: IX Tech: X 

Min 

Value 

0.84042 1.488883 
 

0.84042 
 

Max 

Value 

306.8705 276.1049 
 

306.8705 
 

Average 64.3687 
 

90.99797 
 

63.73257 
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From the result it can be seen that technique VIII and X shows much better results than others. 

Below figure 11 also shows the position error for the techniques.  

 

Figure 11: Techniques VIII, IX & X Comparison 

Below table 13 shows the positioning accuracy for 67% and 95 %.  

Table 13: Summary: Positioning Error for 67% & 95% 

 Positioning Error (67%) Positioning Error (95%) 

Technique I 124m 195m 

Technique II 88m 154m 

Technique III 88m 154m 

Technique IV 88.3m 154m 

Technique V 104m  180m 

Technique VI 89m 155.3m 

Technique VII 87m 154m 

Technique VIII 87.6m 153.5m 

Technique IX 117m 188m 

Technique X 87m 153m 
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Below figure 12 shows the exact location of the coordinates of the evaluated and the estimated 

coordinates.  

 

Figure 12: Accuracy Geographical Mapping 

From the figure it can be seen that most of the estimated coordinates are overlapping the 

evaluated coordinated this means that at such positions the positioning error is minimum, 

whereas there are some coordinates that are not overlapping and therefore positioning error is 

much higher at such RSCP measurements. This could be because of more non-matching and 

missing Cell IDs in the requested and the database fingerprints.  

6.2 DCM vs. Different Data Sets 

In the UMTS environment and with DCM positioning method the positioning accuracy can be 

improved through two different ways. First the positioning accuracy is dependent on how well 

the RSCP signal is received and how many neighboring cells can be heard. Second, how large is 
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the database. For the DCM method it is much better to have as large database as possible because 

more values will be available to be correlated with the measurement and thus there is a good 

chance to find the best matching value with minimum error. Below figure 13 shows the 

performance of DCM with different data sets. 

 

Figure 13: DCM vs. Different Data Sets 

The figure 13 shows that with the increase in number of fingerprints in the database the results 

improved. It is because with more fingerprints it is quite certain that there must be some 

fingerprints that could be the better match for the measurement than others. Therefore the 

database should be as large as possible to achieve more improved results. Below table 14 also 
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Table 14: Positioning Accuracy vs. Different Data Sets 

Data Sets (%) Minimum Error Maximum Error Average 

25  3.997572 283.5939 
 

135.2746 
 

50  2.862672 281.2676 
 

134.239 
 

75 1.929525 310.2208 
 

85.3756 
 

100 0.84042 306.8705 63.93437 

 

6.3 Positioning Accuracy vs. Different Evaluation Sets  

Up till now all the results are based on the first 2000 measurements (푚 ) and the rest as the 

training fingerprints (푓 ). It will be better to analyze the performance of the algorithm at different 

evaluation sets. Below figure 14 shows the algorithm performance comparison at different 

evaluation stets, first 2000 fingerprints, middle 2000 fingerprints and last 2000 fingerprints of the 

database.  

 

Figure 14: DCM vs. Different Evaluation Sets 
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Below figures 15, 16 show the real location of the evaluated and the estimated coordinates on the 

map. 

Evaluation Set at the Middle 

Below figure 15 shows the evaluation set based on the middle 2000 fingerprints. 

 

 

Figure 15: Accuracy Geographical Mapping for Evaluation Set at the Middle 

 

Evaluation Set at the End 

Previously the evaluation set was based on first 2000 fingerprints. Below figure 16 shows the 
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Figure 16: Accuracy Geographical Mapping for Evaluation Set at the End 

From the figures 15, 16 it can be seen that the positioning algorithm performance varies 

depending on the selection of the evaluation set. The evaluation set at the end give lot better 

positioning accuracy than other. The main reason the positioning algorithm performance is not 

consistent is because of the selection of the evaluation set. There is quite a possibility that the 

selected evaluation set contains those fingerprints that provides good information about the MU 

location as compared to other fingerprints. As the evaluation set at the end shows much better 

accuracy this means that the evaluation set follows a specific pattern that provides much more 

information than other evaluation sets. Below table 15 also shows the comparison of different 

evaluation sets in terms of positioning error.  
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Table 15: Comparison of Different Sets of Fingerprints 

 Frist:2000 

Measurements 

Middle:2000 

Measurements 

End:2000 

Measurements 

Min Value 0.84042 0.404006 
 

0.328385 
 

Max Value 306.8705 310.7356 
 

293.86 
 

Average 63.73257 41.21564 
 

74.46308 
 

6.4 RSCP vs. Ec/No 

Before implementing positioning algorithm it is imperative to understand which signal should be 

considered and is suitable for the location estimation in the urban environment. Below figure 17 

shows the comparison of RSCP and Ec/No. 

 

Figure 177: RSCP vs. Ec/No 
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Below table 16 further shows the comparison of positioning error in meters.  

Table 16: RSCP vs. Ec/No 

 Minimum Error Maximum Error Average 
RSCP 0.84042 

 
306.8705 
 

63.73257 
 

Ec/No 0.335279 
 

329.2421 
 

82.10731 
 

 

From the results it can be seen that RSCP performance is much better in the urban environment. 

It is because when the load on the network starts to increase and more than one cell is detected 

over the cell area. In such situation the performance of Ec/No degrades because of increase in the 

cells interference. But RSCP remains the same in such situations. Therefore in this thesis RSCP 

is used to estimate the location of the measurement. [26] 
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Chapter 7 Discussion 
7.1 Discussion 
In urban environment DCM positioning method offers better performance than other positioning 

methods like TDoA, proximity sensing etc. The location estimation is also dependent on the 

choice of evaluation and training set, if the evaluation set (measurements) is spread over the 

database the accuracy will improve. By applying different penalty techniques the best accuracy 

achieved through DCM is about 87 m for 67% measurements and 154 m for 95 % 

measurements. This positioning accuracy is achieved when the first 2000 measurements were 

selected from the database. This positioning accuracy can be improved further when the 

measurements are distributed in the given training area. When the measurements are from 

different positions then it could enhance the possibility of estimating the MU location as close to 

the measurement as possible. When the distributed measurements were used the positioning 

accuracy of 50% of the measurements was about 42m as compared to 63.7m of 50% of the first 

2000 measurements in the database. This accuracy can be improved further if more reference 

points are included while preparing the database. With more reference points the DCM algorithm 

will be able to match the best possible location for the given measurement with minimum 

positioning error. With more reference points it means that the signal is recorded at more BS’s 

and thus increasing the training values in the database. Thus for improving the positioning 

accuracy with DCM, the database preparation is vital.  

In this thesis RSCP was used for positioning estimation. There are other measurements like path 

loss and Ec/No that can be used for the same purpose. If path loss measurements are used then 

the positioning accuracy can be improved but it is strongly dependent on the environmental 

factors and sometimes it might not be available. Ec/No is not used for positioning accuracy 

because when the load on the network starts to increase and more than one cell is detected over 

the cell area. In such situation the performance of Ec/No degrades because of increase in the 

cells interference. 
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Chapter 8 
Conclusion 

 

8.1 Conclusion 
 

The main purpose of this thesis was to improve the location estimation of MU through DCM 

positioning algorithm. With DCM some new penalty techniques were used to minimize the 

positioning error and thus improve MU positioning. The measurement data used was of the real 

UMTS network. GPS was used to record the fingerprints at different location. The results of 

different techniques were evaluated in Chapter 6.  

Based on the results in Chapter 6, the positioning accuracy for 67% of the measurements varies 

from 88m to 124m and for 95% it was 153m and 195m. The best results are achieved from the 

techniques IV (adding offset ‘120’), VIII (Total cells present in measurement and fingerprint are 

divided) and X (constant plus length difference).  It is because in technique IV extremely low 

level RSCP is added with measurements and the database fingerprints. With this the RSCP that is 

weak but near to the MU will become more favorable.  Technique VIII because if there is less 

multipath propagation then there is a good chance that the total number of cells of the 

measurement and the database fingerprint are the same and therefore the RSCP signals will be 

divided with the same value every time. Technique X because the length difference is added to 

all the measurements and the database fingerprints along with a constant penalty. By adding the 

difference with a constant penalty the measurements that have less number of missing CellID’s 

will become more favorable. In this thesis RSCP signal was used instead of Ec/No signal. It is 

because when the load on the network increases Ec/No performance degrades because of 

increase in the cells interference but RSCP remains the same in such situations. The average 

positioning error achieved from RSCP is 63.73257m and with Ec/No is 82.10731m.  
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The positioning accuracy is also dependent on the size of the database. If the database size is 

small then fewer fingerprints can be compared and therefore results in poor positioning accuracy. 

For large database more fingerprints are available and thus improve positioning accuracy. In this 

thesis different database sizes were used to compare the positioning accuracy. When only the 

25% of the database fingerprints was used in the algorithm, the average positioning accuracy was 

135.2746m, for 75% database fingerprints, it was 85.3756m and for 100%, 63.93437m.  

Furthermore it was also shown that when the measurements are spread over the database then the 

positioning accuracy also improved. Therefore recording measurements with close coordinates it 

is better to record measurements with different coordinates so that these measurements are 

properly spread throughout the database.  

8.2 Future Work 

The future work can be divided into three parts: 

In the first part, the database fingerprints coverage area should be increased. Large coverage 

area, more measurements thus it will be good to see what average positioning error could be 

achieved from the techniques used in this thesis.  

In the second part, other positioning methods angulation, lateration etc. could be implemented 

and the results obtained from those methods should be compared with the results obtained from 

the DCM. This analysis of the results will show the performance of the DCM algorithm in the 

urban environment and how it can be improved further. In this thesis only the DCM algorithm 

was implemented. It will be better to also implement other positioning methods as well.   

In the third part, the DCM algorithm should be implemented for the indoor positioning. The 

results obtained from the indoor positioning will provide a good overview about the performance 

of the DCM in both the indoor and outdoor environment. It will clearly show that whether the 

fingerprinting positioning technique is better for the indoor environment or for the outdoor 

environment. 
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