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Abstracl--{octtbn Brscd Scrviccs (LBS) b e scnice
providcd by cellulrr redio scrviccl duc to thc location of mobile
ctation (MS). Thir scrvicc wac first introduced in Global
Systcm for Mobilc Communicetion (GSM) system and it
bccome thc most important cervicc in Third Gcncration (3G)
systcm. Thcrc arc many tcchniqucs to detcrmitre mobilc station
tocati,on, such s! Global Positioniog Syrtem (GPS)' Anglc Of
Arrivel (AOA), Timc Of Arrivd (TOA)' Timc Dificrcncc Of
Arrivet (TDOA), Enhrnced{bscrvcd Timc Dificrcncc (E
OTD) and Ccll Glohl Idcntity (Ccll-D). But' this ppcr onty
dircusrcd about Enhenccd4tccnled Timc Ilificrcnec (FllTD)
techniquc E-OTD uscd triengulation method end e simulition
of thir tcchnique wts crcetcd in MATLAB. This rimulation ic

fmuscd on the location crror, which ir dcpcnd on 2

cnvironmcnts. Thc envirormcnts mr urben (crror of
magnitudc, 1e'7) ond rurel (error of magnitudc, 1c-9). This
simuletion aho perfomcd compariton bctwccn ttc numbcr of
besc station (BTS) uscd.

Kelmords- Trienguletion methodr Location error

Figure l: The E-OTD method.

I. INIRoDUC"NON
The EOTD method is based on three pararneters: Observed
Time Difference (OTD), Real Time Difference @TD), and

Geometric Time Difference (GTD).

Obscrved Time Difrenence (OTD).
This is the time interval that is observed by a mobile station
(MS) between the receptions of signals (bunts) from two
different BTSs in the cellular network. A burst from BTSI is
received at the moment tn*r, and a burst from BTSz is
received at the moment tn"z. Thus the OTD value in this cas€

is:
OTD: ttut-ttu2.

This report is the simulations of the characteristics
related to the BOTD method. This chapter will describe
these simulations. The BOTD matrod will fint be

describ€d in detail, both the general cono€pt and the locdion
calculation methods. Different sourcc of emor and the
impact they have on the location prediction will also be

discussed. At the end of this chaper, the simulations and the
results ofthese will be discussed.

Bastca of E-OTI!
The Enhanced Obscrvcd Time Diffenence (EOTD)

method is based on the measned Observed Time Difference
(OTD) between arrivals of bursts from serving and other
BTSs (Figure l).The measured time difference between
pairs of base transc€iver stations, are referred to as OTD.
Because the transmission of fiames from the base

transceivff stations are not synchronized in the GSM
networrq the real time diffaences (RTD) between pairs of
base transceiver statitrns is measured by an LMU [4].

In Figure l, di ;" the length of the propagation pulrs
from the BTSs to the MS and dr.uui is the length of the
propegption p*hs from the BTSs to the LMU. The position
of the BTSs is denoted as (xi, y) The dashed line reprsents
the hyperbolas calculaed from the GTDs. The intersestion
ofthe hyperbolas gives the location ofthe MS.

If the two bursts anive exactly at the same moment, the'n

OTD = 0.

Reel Time IXfference ETD).
This is the relative synchronization difference in the
network behreen two BTSs. If BTSr sends a burst at the
moment trxr, 8nd BTSz at the moment tr*2, the RTD between
them is:

RTD:trt-trxz.

If the BTSs transmit exactly at the same time that means thd
the network is synchronized and there is no need to calculde
RTD, hence RTD = 0. RTD values are measured by the
LMUs inthenetwork.
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Gcometric fime Difierrnce (GTD).
This is the time difference between the receptions Oy a MS)
of bursts from two different base stations due to geometry. If
the length of the propagation path between BTSr and the
mobile station is dr, and the length of the path behveen BTSz
and the MS is dz, then

GTD,2= 
d'-d'

dz: distance Uaween i,tS to nTS2
dr: distance between MS to BTSr

c = speed of light,3x losms t

If both BST are equally far from the MS, GTD can be
consider as zero Gm:0
Overall reldion: GII) = OTD - RTD

MS Locetion Celculetion
The MS location can be formulated with a set of N-l
equations describing hyperbolas having at the BTSs' c,o.

ordinates (xl,,a)
f =1,2,.......N
c:3 x 10' m/s is the speed of light

c*cru=,,[11x-ff -$lyf - - y)' +(y, - y)'7

Two equdions are required to determine the MS locdion by
simulaneous equations. This means at least 3 BTSs are

rquired to perform the E-OTD method.

Mrin Sounces of Ernorin thc Locetion Estimetion
The main souiees of error glving a decreased location

accuracy of the E-OTD method could be:
. Multipath propagation
. Base transceiver station clocks unsynchronized
. Unable to perform locdion prediction

. Multipath proPgation
Multipath is multiple copies of the same signal arriving

at different times. This makes it hand to estimate when the
first signal arrived, and the accuracy of the locaion estimate
is decreased. One of the main erors on the location
aocuracy using the E-Om method is the NLOS
propagation. In urban and indoor environments the EOTD
method will suffer fiom the absence of a line.of-sight signal
component. Sigrrals reflected from buildings, will decrease

the location ac,curacy. The sigrals reflectd or diftactd
take a longer path than the direct path. This will produce a
longer time of anival measured. The OTD value will be
affected by this, grving a decreased accuracy of the locdion
estimate.
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. Base transceiver station clocks unsynchronized
GSM networls are normally not synchronized. This will

lead to the OTDs measured having an offset. This is, as

explained earller, why the LMU is needed in the network to
compensate forthis offsa. The BTS clocks can give an error
of approximately 15 - 60 m not bing synchronized [5]. The
LMU can correct this time difference. The RTD value
measured by the LMU can reduce the error due to the
unsynchronized netwodq to approximately <15 m.

. Unable to perform location prediction
The E-OTD method can not be used in the following

Gases:

I - Only one or none neighboring cells
2 - When using repeaters in the network

When the MS only observes one or none neighboring
cells, the E-OTD method can not be used. This is because

the E-OTD method uses triangulation to estimatc the MS
location. With only two BTSS (serying and one neighbor),
triangrl*ion can not be perforrned. This is expocted to be a
problem in rural areas, wh€re the density of BTS is low. The
calculation can be performed with two BTSs with different
locations (serving and one neighbor) as described in [6] by
extending the EOTD method with additional inform*ion,
e.g. by using a combination of E{TD and the TA
paramet€r.

When using r€peders in the networlq E-OTD becomes
almost impossible to use. When measuring the time of the
received signal, it is had to determine if the sigral has been

through a repeater or not. Going tough a rppeater, the
measured time will be much longer than it actnlly is. This
will cause a mqior error in the measured OTD value, giving
a locdion estimde with scverE errors.

II. t{ETHoDoLocY
A simulation model was created in MATLAB. A block

diagram of the program can be seen in Figure 2. The
purpos€ of the simulation is to analyze the accuracy of the
E-OTD technique and firther more to identifr the solution
ofthe enor.
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Figure 2: Block diagram of MATLAB Simulation

Detemine Coordinate of BTS
There are three BTS are required to perform the simulation.
It must consist of serving BTS and the two neighboring
cells, BTSi

Table show the coordinate of the three BTS.

Additional BTS were made to enhance the comparison
whichthe ts:
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Finding MS Location
The location of MS is determined randomly in range of the
thrce BTS. In this simulation there are 25, 49 and 100

reading of MS location taken randomly for the statistic
analysis.

Mclgurcment scenrrios
Two different measurement scenarios have therefore been
investigated. This is an urban area and a rural area.

Urban-area measunements were perfonned in an area
consisting of micro cells [7]. These types of cells give large
capacity for a small area. The tall buildings can Gausc a
blocking of the direct-signal component. This will leod to at
least one-time reflected received signals.
Measurements were carried out in a rural area with macro-
cell stmcture p]. Macro cells give small capacity for a large
area. The geography is relatively flat with small hills,
farmland and woods. Forthe analysis 2 cases was conducted
which are:

CASE l-All zone the measurerrent scenarios are specified.

r5@

Figure 3: Measurement Scenarios Dstributions Case I

CASE 2lone 2 & 3 the measurement scenarios unspecified
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Figure 4: Measurement Scenarios Dstibutions Case 2
Error OTI)
An error was inserted into the OTD parameter, this error
acts as a simple channel model in the absence of a more
complex channel model. The simple channel model is based
on several simuldion nms of the OTD Framet€r and
assumptions about the geography of the measurem€nt areas.
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Error Magnitude OTDMeasurement Scenarios

Urban (zone 1,2,3) *lxl0-7
*lxlo'eRural (zone 4)
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For Case I
Table shows the for measurement scenarios

For Case 2
Table shows the for measurement scenarios

Locetion error & Statisticel anelysis
The statistical evaluation is based on computing the
diffenence between the estimated position (/, /) and the
true position (xy). One possible error measure is to define
the circular error

c€i = - x,")' -(y, - y,")27

i : quantities related to the measur€,rnent.
(x,y) : MS location
(f,V) = MS location with error

Statistics on t}re circular error will in orr case be presented

by:
. Plotting the cumulative distribution function (CDF) of ce
. Displaying CDF percentile values.

Plotting hyperboles' MS predicted & Measured location
In order to manually check the locdion calculation, a
graphical plot was made. These plots show the hyperbolas
calculated on basis of the GTD value. In addition the
measured MS position and the calculated one are ploted.
BTS locations arc also shown.

I[I. RESULTS

E-OTD Simulation Result
These simulations are using random measurements

which are 25,49 and 100 of location of MS. The measured

values are required to determine the location of MS
(minimum) that required to performing the CDF
"Cumulative Density Function". After inserting the OTD
error according to the measurement scenarios, the MS
location plotted are not accurate. The MS location can be
det€rmined by the hyperbolas intersection lines which
generated. The comparison between the MS location and
MS location with error are shown in figure 5. (Graphical
Simulation).

s
Pdd -x

Figure 5: Intersection Point between 2 Hyperbolas Lines
shows the location of MS (with enor)

ErnorPerfomance
Error performance analyzed in this study is predicated circle
error. [t will be porhyed in CDF graph's form of 25, 49 and
100 reads MS location adopted. Two case sordies according
to zon6 have been set. Each this case study would give
different outoom€s and those results indicated in this CDF
graph will be discuss in part 4.3 (Result Analysis).

Cumulative Distribution Function of Cese I

Figure 6.0 show cumuldive distribution graph of function of
circular error with 3 BTS
(25 locations MS):

Empkicel CDF
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Figure 6.0: Circle error with 3 BTS (25 locations)
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Figure 6.1 show cumulative disribution graph of function of
circular error with 3 BTS (49 locations MS):
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Figure 6.1: Circle emor with 3 BTS (49 locations)

Figure 6.2 show cumulative distibution graph of function of
circular error with 3 BTS (100 locdions MS):

Ehdric.l COF
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Figure 6.4 show cumulative disfibution graph of function of
circular error with 4 BTS (49 locations MS):
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Figure 6.4: Circle error with 4 BTS (49 locations)

Figure 6.5 show cumulative distribution graph of function of
circular error with 4 BTS (100 locations MS):
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Figure 6.2: Circle error with 3 BTS (100 locations)

Figure 6.3 show cumulative distribution graph of function of
circular error with 4 BTS (25 locations MS):

EnpidcC CDF
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Figure 6.5: Circle error with 4 BTS (100 locations)

Cumuletive Distribufion Function of Case 2

Figure 7.0 show cumulative distibution graph of function of
circularr error with 3 BTS (25 locations MS):
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Figure 6.3: Circle error with 4 BTS (25 locations)
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Figure 7.1 show cumulative distribution graph of frrnction of
circulu error with 3 BTS (49 locations MS):
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Figure 7.4 show cumulative distribution gaph of firnction of
circular error with 4 BTS (49 locations MS):
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Figure 7.4: Circle error with 4 BTS (49 locations)

Figure 7.5 show cumulative distibution graph of function of
circular error with 4 BTS (100 locations MS):
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Figure 7.5: Cirple error with 4 BTS (100 locations)

Result Anelysis
The tables below shows the summary result plotted from the
CDF simulation.

CASE 1.3 BTS

CASE 1 -4BTS

1
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Figure 7.1: Circle error with 3 BTS (49 locations)

Figure 7.2 show cumulative distibution graph of function of
circular error with 3 BTS (100 locations MS):
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Figwe7.2: Circle enpr with 3 BTS (100 locations)

Figure 7.3 show cumulative distribution graph of function of
circulr error with 4 BTS (25 locations MS):
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Figure 7.3: Circle error with 4 BTS (25 locations)
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Scattered MS
Location by

(o/o)

Circular Error (meter)
,<

MS location
49

MS lncation
100

MS [ocation

50 37 30 30

75 50 45 175

95 260 225 250

t

CASE 2.3 BTS

CASE 2.4 BTS

[V. DSCUSSION

For Case 1, the highest OTD error magnitude entered
was lxl0Ts at urban area. Meanwhile the lowest OTD
magnitude is lxl0-es in rural area From the table result
shows that the circular elror nanges for 3 BTS are from 20-
50m meanwhile the range of circular error for 4 BTS are

from l8-54m.
For Case 2, the highest OTD error magrritrde inserted was
lxl0as which is in urban area meanwhile the lowest OTD
error magnitude was lxl0es in rural area. From the table
result shows that the roundness circular error range for 3

BTS are from 30-260m. The circular elror range for 4 BTS
are from 35-210m.
From the simulation result it was found that Case 2 gave a

bigger circular errc,r range compared to Case I due to the
OTD error magnitude instead for urban in Case 2 is much
higherthanCas€ l.

This shows that the OTD error magnitude gives big
impact on the accuracy of the technique. It was also found
that the case that has 4 BTS, result in lower circular error
range compared to 3 BTS. It can be concluded that the more
BTS the more accuracy can be achieved for a given area.

V. Coxcr,usroN
Through this study, the basic principle of "Location

Decision Technique" has b€en stated clearly, including the
comparison of each of the technique. Developme,lrt for E-
OTD technique was also successfully implemanted and gave

effective result to analyzs its precision. Overall, this study
was a sucsess and simultaneously achieved the objective.

VI. Ftm-rns nsvEtoPMENT
This shrdy ignores the properties of the signal

propagation environment which we plan to carry out in the
fuure work. Another possible direction of study could be to
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modify this algorithm for finding the position of a mobile
phone in 3-D space.
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