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Abstract— In radio mobile system, mobile location is an 

important service for the operator itself and for the end user. It 

is necessary then to increase accuracy of location result with 

respect of quality price ratio. In this paper we propose to use the 

output of planning network software and measurement report of 

RNC in UMTS network to get the geographical coordinates of 

mobile, by RSSI method. We will use application case of part of 

Antananarivo city, and we will see the impact of propagation 

model on the positioning of UMTS mobile in this area 

 

Index Terms— Positioning, RSSI, propagation. 

I. INTRODUCTION 

The radio channel is subject to numerous phenomena 

affecting the transmission of the signal between the 

transmitter and the receiver. The RSSI mobile location 

method uses these signal parameters to obtain the position of 

the target. 

It is important to determine the impacts of these parameters 

on the accuracy of location. For this purpose, additional 

measure tool or equipment may be required as well as many 

drive test.  However, this entail supplementary high costs.  

In this paper, we propose to study the impact of the channel 

model using existing network planning software on the RSSI 

location. In first place, we will introduce the fundamentals of 

RSSI location.  Secondly, we will show the RSSI location 

method by radio frequency fingerprint, and description of 

essentials parameters to be used in.  

Before illustrating by simulation in a part of Antananarivo 

city, we will presents the flow of the location process used, in 

view to clarify all steps needed.   

Finally, we will summarize the main conclusions of this 

study and propose some points of improvement in perspective 

II. FUNDAMENTALS OF RSSI LOCATION  

Let’s consider a system with  anchors which the 

estimated distance to the target point is . The mobile 

presents signal strength of . The received signal strength  
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RSS (dBm) from the  th  anchor where the  distance  is 

given by:  

 (1) 

where  is the transmission power of the mobile and 

 is the mean propagation loss  or propagation loss 

in terms of distance .  

Generally, the fast fading ) varies abruptly (30 to 

40dB) along the distance only for a fraction of wavelength.  In 

the other hand  represents, the slow fading and shadowing,   

We can deduct distance  by the relation between received 

power   and the propagation loss model for  [3] 

 

III. RADIO FREQUENCY FINGERPRINT RSSI LOCATION 

METHOD  

The Radio frequency (RF)  fingerprint RSSI location 

method is classified as mobile positioning, and can be applied 

to the wireless network. [4] 

All the location technique based on the RF fingerprint can 

be divided into two steps:  the training step where database 

CDB containing all anchors RSSI and coordinates is created, 

and the test phase or operational phase where the estimation 

of the mobile positioning is done.  

 
Fig. 1 RF fingerprint RSSI diagramm 

A. Matrix model of target   

For the target,to be localized  we will use matrix of  

dimension.  

 

(2) 

Where  is the number of anchor to be used;  and  

are the cell identity and the received signal strength of the  th 

anchor; and  is the round trip delay between the MS and 

the th anchor 
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B. Matrix model of the anchor  

The RF fingerprint in pixel  is represented by  

 

(3) 

Where  is the cell identity of the  th cell  

For the anchor and the target matrix, the line are in decreasing 

order according to the RSS value, it means that  

 if  

C. Search space reduction  

Initially, the search space contain all anchors of the CDB 

elements. However it is difficult to compare the target RF 

fingerprint to all references RF fingerprints in the database. It 

will implies a high load of calculation and thus very long time 

to output the location result.  It is then needed to reduce the 

search space. It will contain three steps.  

In the first step, the search space is restricted to the CDB 

elements within the best server area of the sector with the 

highest RSS in the target RF.  

In the second step, the result search space of first step is 

restricted to the elements whose best server RTD values are 

equal to the best server RTD value in the target RF 

fingerprint.  

In the third step, the result search space of second step is 

restricted to the elements whose reference RF fingerprints 

contain the first N cells listed in the target RF fingerprint.  

If we represents by  the original search space containing 

all the CDB elements. We have:   

 (4) 

Where   is search space reduction factor,  is the 

number of element of the reduced search space.  . 

 

D. Distance calculation between the target and the anchor 

selected  

The Euclidian distance between the RF fingerprint target  

and the RF fingerprint anchors in the RSS dimension is 

given by:  

 

(05) 

Where  is the index of the line of  where the CID is 

the same as the CID of th line of :  

with .  

The parameter  is the number of line in . The 

parameter δ represents the mobile inherent RSS measurement 

inaccuracy in decibel units. 

IV. DESCRIPTION OF PARAMETERS MEASURES IN UMTS 

Measures related to the anchor come from the existing 

network planning software, while the measures related to the 

target come from measurement report of RNC of given user 

through his IMSI and the RRC protocol 

A. CID, PSC and  RTD  

During the research phase of cell, the mobile determine the 

exact PSC used by the cell. The PSC is typically identified by 

the correlation symbol by symbol through CPICH. The PSC 

value is in  [5] 

In monitored set, only the PSC is known. To determine 

which cells are in fact communicating with the mobile, it is 

necessary to use Cell IDs. When CID is available it means that 

they are in active set.  

In our case, the RTD take the value 0 when the 

corresponding cell is in the active set and -1 when the cell is in 

the monitored set.  

B. RSSI, RSCP, Ec/No  

The P-CPICH RSCP is the received power on one code 

measured on the P-CPICH RSCP   

The UTRA carrier RSSI is the received wide band power, 

including thermal noise and noise generated in the receiver. 

The CPICH Ec/N0  is the received energy per chip divided 

by the power density in the band.  

These measures are liaised by following equation: [6] 

 

 
(6) 

The RSSI measures  of anchor are directly available from the 

network planning software. For the target, the data from the 

RNC are the RSCP and the Ec/No, and we use the formula (6) 

to get the related RSSI 

V. DESCRIPTION OF LOCATION PROCESS USED  

We presents below the diagram of the location process 

used.  The data of base station are stored in text file to be read 

and inserted to the software, as well as the data of fictional 

mobile.  

The data of the base stations of this file are composed, inter 

alia, of their geographical coordinates, the heights and the 

azimuths of their antennas. 

Set up base stations in the study area 

Set up certain amount of fictional 

mobile station

Channel modelling choice

Propagation loss calculation and 

RSSI for each user. Best server of 

each user will be known 

List of served user to be mobile 

anchor for the localization 

Collection of 

measurement data 

on RNC of the 

target 

Injections of these 

measurement data 

into the calculation

Reduction of search space 

Distance calculation between the 

target and the elements of the 

reducted search space

Positionning estimate with nearest 

neighbour or lateration

CDB creation within the served user

 

Fig. 2 Diagram of location process 
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The GPS coordinates of the base stations will be 

transformed into Cartesian coordinates, a base station is 

chosen to be the reference (0,0). 

Then the calculations of propagation losses follow, to 

arrive at the calculations of RSSI of each fictional mobile 

user. 

Each user will have their best server according to the level 

of RSSI calculated. The served user will be mobile anchor for 

the location system.   At this stage the CDB is created. All 

anchor will have in this way the form of equation (3) of 

section III.  

The input data of the target will be collected from RNC by 

launching tracing within a specific IMSI of the mobile target.  

The RNC will output then the CID, the RSCP and the 

Ec/No of mobile target in his active cell set and his monitored 

cell set. The target will have matrix form of equation (2) in the 

section III. 

Getting the form of mobile target and mobile anchor, we 

follow up with the search space reduction, and then 

calculation of Euclidian distances between the element of the 

reduced search area and the target. After, we will get the 

coordinates of estimated location of the target by the method 

of nearest neighbors or by lateration.     

VI. SIMULATION  

Our application case was done on a part of urban area of 

Antananarivo City, on UMTS network, frequency of  2,1 

GHz.  

The area is 6x6 km² with 51 cells. The plan used has 50m of 

resolution 

A. Set up base station and mobile station  

We have put 2000 fictional users in the first place for the 

process of getting CDB of mobile reference. The cell of 

Akorondrano has been chosen to be the original point (0,0).  

USER DISTRIBUTION (all) (total = 2000 users)
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Fig. 3 Set up base station and mobile station  

B. Numeric values examples for target matrix and anchors 

matrix  

To illustrate the anchor matrix, let’s take examples from the 

Okumara Hata model and UMTS Pedestrian model used.  

 

 
 

 

(7) 

 

(8) 

For the target point, the data are extracted from the 

measurements provided by the RNC. The raw data is not 

usable, so we had to process the data for a more readable 

form.  

For example, for one test done in Akorondrano area, the 

raw data  are like following: 

 

 

Fig. 3 Processed test data in Akorondrano area 

We take the line where most number of cell are included 

For Akorondrano case we have:  

 

(9) 

For Alarobia case we have :  

 

(10) 

C. Search space reduction factor 

The following table shows us the search space reduction 

factor via Okumara Hata (OH) model and UMTS Pedestrian 

Model (UP) 

OH UP OH UP

Akorondrano 0,9995 0,9995 S1356 S512

Alarobia 0,994 0,9975

S1566,

S1398,S1039 S1132, S97

Search Space 

Reduction Factor Mobile Anchor

 

Table. 1 Search space reduction by type of channel modelling  
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D. Location result by nearest neighbor  

The blue estimated position represents the channel 

modelling of Okumara Hata. The green is the UMTS 

Pedestrian model. In Akorondrano area, modelling of 

Okumara Hata gives a location closer to the actual position.   
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Fig 4 Estimated position by nearest neighbor  

E. Location result by lateration method  

In the Alarobia area, the two modelling of Okumura Hata 

and UMTS Pedestrian give roughly the same error distances. 

 

Fig 5 Estimated position by lateration  

F. Cumulative distribution function of position errors  

The error median obtained for Okumara Hata is 341.71 

meters, while that of UMTS Pedestrian is 331.66 meters.  
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Fig 6 Cumulative distribution of error 

VII. CONCLUSION AND PROSPECTS 

In these examples, certain errors are still high when we are 

using RF fingerprint RSSI location method within network 

planning software and practical measures from RNC.  The 

prospects envisaged will then to find means of minimizing 

these errors 

We can in this way, add some practical values of drive test 

in the database for the area where modelling channel is more 

difficult.  

With the mobile technology evolution, it is interesting to 

use combined location method like RSSI-TOA to optimize 

again the accuracy of the mobile positioning. 

. 

REFERENCES 

[1] H. So ,« Source location algorithms and analysis»,  John Wiley & 

Sons: 2012 

[2] J.Figueiras,S.Frattasi, «Mobile positioning and tracking »,  John 

Wiley & Sons: 2010. 

[3] J. Lee, R. Buehrer, « Fundamentals of received signal strengh –based 

position location»,  John Wiley & Sons: 2012. 

[4] R.Campos, L. Lovisolo, « RF fingerprint location technique»,  John 

Wiley & Sons: 2012. 

[5] T.Pereirinha, A.Rodrigues, P. Vieira, «Geolocation based on 

Measurements Reports for deployed UMTS Wireless Networks». 

[6] Universal Mobile Telecommunications System (UMTS); Physical 

layer; Measurements (FDD) (3GPP TS 25.215 version 7.1.0 Release 

7), reférence ETSI TS 125 215 V7.1.0 (2006-09). 

 

 

Ravelomanantsoa Niary Lalaina  was born in Behenjy, Madagascar, on 

1981. He received his M.S degrees in 2010 in Telecommunication at high 

School Polytechnic of Antananarivo, MAdagascar. Currently, he is a Ph.D 

student at Doctoral School in Science and Technology of Engineering and 

Innovation.  

Rasamimanana Nivo Hanitra was born in Ambohidratrimo, 

Madagascar, on 1981. She received his M.S degrees in 2010 in 

Telecommunication at high School Polytechnic of Antananarivo, 

MAdagascar. Currently, she is a Ph.D student at Doctoral School in Science 

and Technology of Engineering and Innovation.  

Randriamitantsoa Paul Auguste was born in Madagascar on 1953. He 

is professor at Univeristy of Antananarivo and first responsible of 

Telecommunication-Automatic-Signal- Image Research Laboratory. 

 


