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Abstract

Many of localization techniques are available now a day’s such as Global
Positioning System (GPS), Infrared, Ultrasound, and Bluetooth localization
systems, Wi-Fi enabled devices and cellular mobile phones. Each of these
techniques has its own advantages and disadvantages, but for their continuous
network connectivity, low power consumption, wide adoption and their ability to
offer indoor outdoor place detection capabilities cellular mobile phones are the best
choice for location enhanced applications. There are five basic cellular positioning
methods- proximity sensing, lateration, angulation, dead rocking, pattern matching-
that measure many observables by different techniques. These cellular positioning
methods varies a little bit according to the network they had been implemented on;
as in GSM they turned up to (Cell ID + Timing advance, E-OTD, U-TDoA, and A-
GPS) or in UMTS the turned up to (cell based methods, OTDoA-IPDL, and A-
GPS). Those positioning techniques give a clue about two to four unknowns of the
position (latitude, magnitude, altitude, and time). The more positioning techniques

are combined, the more accurate positions are obtained.

The need of locating people has increased apparently than ever before
because of many reasons; such as security purposes of emergency situations,
terrorism and crime prevention. Not forgetting the effect of such service in
increasing the revenues per user for Cellular Communication Service Providers by
launching many of attractive feasible services; such as enquiry information services,
community services, traffic telematic, fleet management and logistics, marketing

and value added technologies.

A program by Turbo C++ has been prepared to simulate the process of
mobile location determination using tri-angulations technique. The limits of time
dedicated for the thesis forbids the availability of making a simulation for all other

positioning techniques, so they had been left for further scopes.
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In all operating mobile localization technologies there are always errors that
affect the accuracy of location determination process in cellular networks, and add
+(10m ~ 10km) according to the positioning technology used, reducing these errors

margins is always an interesting subject for further researches.

Key words: Positioning in cellular systems, location determination techniques,

and location management.
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List of Abbreviations:

1G,2G, 3G, 4G

3GPP
3GPP2
A-FLT
A-GPS
ALI
AMPS
ANI
AoA
API
ARPU
ASK
AT
ATD
AuC
BCCH
BCD
BCH
BSC
BSIC
BSS
BSSAP
BSSAP-LE
BTS
CA
CAS
CBC
CcC
CDM
CDMA
CDR
CGI
CI
CoO
CPICH
CS
DBMS
D-GPS
DoA
DRNC
DTMF
ECEF
EDGE
E-FLT
EIR
ELIS

First, second, third, and fourth generation of mobile networks

3" Generation Partnership Project

3" Generation Partnership Project 2
Advanced Forward Link Trilateration
Assisted GPS

Automatic Location Identification
Advanced Mobile Phone System
Automatic Number Identification
Angle of Arrival

Application Program Interface
Average Revenue Per User
Amplitude-shift Keying

Absolute Time

Absolute Time Difference
Authentication Center

Broadcast Control Channel
Binary-Coded Decimal

Broadcast Channel

Base Station Controller

Base transceiver Station Identity Code
Base Station Subsystem

Base Station Subsystem Application Part
Base Station Subsystem Application Part LCS Extension
Base Transceiver Station

Cell Allocation

Call- Associated Signaling

Cell Broadcast Center

Country Code

Code Division Multiplexing

Code Division Multiple Access

Call Detail Record

Cell Global Identity

Cell Identifier

Cell of Origin

Common Pilot Channel

Circuit - Switched

Database Management System
Differential GPS

Direction of Arrival

Drifting Radio Network Controller
Dual Tone Multi — Frequency

Earth Centered Earth Fixed

Enhanced Data Rates for GSM Evolution
Enhanced Forward Link Trilateration
Equipment Identity Register
Emergency Location Immediate Request
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ELRS Emergency Location Reporting Service

E-OTD Enhanced Observed Time Difference

ETSI European Telecommunication Standards Institute
EVDO Evolution-Data Optimized

FCC Federal Communications Commission
FDD Frequency Division Duplexing

FDMA Frequency Division Multiple Access

FHSS Frequency Hopping Spread Spectrum

FSK Frequency-shift Keying

GEO Geostationary Earth Orbit

GERAN GSM/EDGE Radio Access Network
GGSN Gateway GPRS Support Node

GIS Geographic Information System

GMLC Gateway Mobile Location Center

GMSC Gateway Mobile Switching Center

GMSK Gaussian Minimum Shift Keying

GMT Greenwich Mean Time

GPS Global Positioning System

GPRS General Packet Radio Service

GSM Global System for Mobile Communications
GSN GPRS Support Node

GTP GPRS Tunneling Protocol

HLR Home Location Register

HOW Handover Word

HPSA High Speed Packet Access

Hz Hertz

IDE Integrated Developed Environment

IEEE Institute of Electrical and Electronics Engineers
IMS IP Multimedia Subsystem

IMSI International Mobile Subscriber Identity
IMT-2000 International Mobile Telephony System 2000
IP Internet Protocol

ISDN Integrated Services Digital Network

ITU International Telecommunications Union
LA Location Area

LAC Location Area Code

LAI Location Area Identifier

LAN Local Area Network

LBS Location-Based Services

LCAF Location Client Authorization Function
LCCF Location Client Control Function

LCF Location Client Function

LCS Location Service

LER Location Enabler Release

LMU Location Measurement Unit

LoS Line of Sight

LSAF Location Subscriber Authorization Function
MAC Medium Access Layer
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MAP
MCC
MLP
MMS
MNC
MS
MSC
MSISDN
MSN
MSRN
NAVSTAR
NCAS
NDC
NMT
NSS
0OCXO
OMC
OMS
OSA
OTD
OTDoA-IPDL
PCF
PCH
PDA
PDE
PDN
PDP
PDTCH
PDU
PMM
PLMN
PN

POI
PRRM
PS

PSK
PSMF
P-TMSI
QoS
QPSK
R’ sksk
RA
RACH
RAD
RAI
RANAP
RFID
RIT

Mobile Application Part

Mobile Country Code

Mobile Location Protocol

Multimedia Messaging Service

Mobile Network Code

Mobile Station

Mobile Switching Center

Mobile Subscriber ISDN Number
Mobile Subscriber Number

Mobile Station Roaming Number
Navigation Satellite Timing and Ranging System
non-call-associated signaling

National Destination Code

Nordic Mobile Telephone system
Network Switching Subsystem
Oven-Controlled Crystal Oscillator
Operation and Maintenance Center
Operation and Management Subsystem
Open Service Access

Observed Time Difference

Observed Time Difference of Arrival with Idle Period Downlink
Positioning Calculation Function

Paging Channel

Personal Digital Assistant (a hand held computer)
Positioning Determining Entity

Packet Data Network

Packet Data Protocol

Packet Data Traffic Channel

Packet Data Unit

Packet Mobility Management

Public Land Mobile Network

Public Node

Point of Interest

Positioning Radio Resource Management
Packet-Switched

Phase-shift Keying

Positioning Signal Measurement Function
Packet TMSI

Quality of Service

Quadrature Phase-shift Keying

Released at year **

Routing Area

Random Access Channel

Rapid Application Development

Routing Area Identifier

Radio Access Network Application Part
Radio Frequency Identification

Radio Interface Timing
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RLP
RMS
RNC
RNS
RRC
RSS
RTD
RTT
SA
SAS
SDCCH
SDM
SDMA
SGSN
SIM
SLIR
SMLC
SMS
SMS-C
SMSS
SN
SNDCP
SNR
SPS
SQL
SRNC
SS7
TA
TCXO
TDM
TDMA
TLM
TMSI
TTFF
UE
UMTS
URA
U-TDoA
UTRAN
VLR
VoIP
VPN
VROOMM
WAP
WCDMA
WIMAX
WWW

Roaming Location Protocol

root mean square

Radio Network Controller

Radio Network Subsystem

Radio Resource Control

received signal strength

Real Time Difference

round trip time

Selective Availability

Standalone SMLC

Stand-alone Dedicated control Channel

Space Division Multiplexing

Space Division Multiple Access

Serving GPRS Support Node

Subscriber Identity Module

Standard Location Immediate Request

Serving Mobile Location Center

Short Message Service

SMS Center

Mobile Switching and Management Subsystem
Subscriber Number

Sub Network Dependent Convergence Protocol
signal-to-noise ratio

Standard Positioning Service

Structured Query Language

Serving Radio Network Controller

Signaling System No. 7

Timing Advance

Temperature-Compensated Crystal Oscillator
Time Division Multiple Access

Time Division Multiple Access

Telemetry

Temporary Mobile Subscriber Identity

Time To First Fix

User Equipment

Universal Mobile Telecommunications System
UTRAN Registration Area

Uplink Time Difference of Arrival

UMTS Terrestrial Radio Access Network
Visitor Location Register

Voice over IP

Virtual Private Network

Virtual Real-time Object Oriented Overlay Memory Manger
Wireless Application Protocol

Wideband CDMA

Worldwide Interoperability for Microwave Access
World Wide Web

XXIV



