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ABSTRACT

This paper addresses a path loss prediction anchiaption by means of Lee’s model for Jiza townjtho

of Amman city, Jordan. Data were collected from if@bompanies in Jordan in the frequency band of
900, and 1800 MHz. The calibrated Lee’s, Hata, Bglils path loss models were compared with resprect
the original collected data. It is found that foet900 MHz Lee’s prediction model has the least EMS
among other compared models, and thus is begtdit areas. On the other hand, the 1800 MHz haghigh
RMSE deviation compared to Egli's model. Therefdrerealize least RMSE, an optimization factor is
proposed. A new frequency reliance of the optinmzafactor is reported; so as a frequency dependent
relation is proposed. The new factor is justifiacaccordance with physical differences betweenl8@0
MHz and the 900 MHz propagation mechanism. Afteimization, minimal RMSE value is obtained for
Lee’s model, and examples are given for comparison.
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1. INTRODUCTION considered an open area with flat landscape
distribution. This calibration is compared with Hat
Minimum power prediction for the transmissionand Egli’'s model for the purpose of evaluation
of microwave mobile systems is one of the essentiabmpleteness. A new optimization parameter is
factors researchers are aiming. Such need is af gr@roposed in order to achieve minimum RMSE
concern to achieve higher quality standards, lowéetween the new proposed and the actual calculated
over all running cost, minimize transmit powerpath loss. In the following section a brief
better covering of different areas with differenintroduction of these models are given for
environmental situations. reference.

Propagation path loss models are proposed &1 PROPAGATION MODELS
different area criteria’s such as in macro cells,
micro cells, and none the less inside buildings. In wireless channels, path loss prediction is a
These models are based on observations aodtical stage of planning enables the effective
measurements of power loss in different areas. dlining of transmitted power, maximize coverage
of the models depend on many parameters sucha@ga and obtain highest quality of service in
distance range, building criteria, terrain lands;apaddition to considerable cut in over all plan cdst.
operating frequency, transmit and receive antenithis section, a number of propagation models are
heights [1]. However, most models are nopresented for reference
efficiently suitable for all study cases. As an ,
example, different cases are noted in Amman city,” HATA'S MODEL

Jordan [2]. Originally, this model was introduced to urban
In this paper, a calibration and optimizatiorareas. Correction factors were introduced to adcoun

parameter for Lee’'s macro-cell model is proposefbr suburban and rural areas. It is valid for thege

for Jiza town south of Amman city. This area iof distances from 1 — 100 km [3, 4].
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The main equation of path loss urban relation iB. EGLI'S MODEL
given as
This model is introduced by John Egli in 1957,
L(urbar)(dB) = 6955+ 2616l0g(f ) and is assumed a terrain dependent model and it is
based originally on the free space propagation
_13’82|09(hr ) - a(hr)*' (1) model [S]. Itis applicable for frequency rangedef
_ — 900 MHz and for distance ranges less than 60 km.
(44'9 655|Og(ht ))Iog(d) The propagation path loss relations are given as
follows
The expression of suburban areas is for hy < 10 meter
L (dB) = 763+ 40log(d ) - 20log(hy, ) -
- 6.
L(suburbal)u(dB) = L(urban) ~ 10log(hy,) + 20log( ) 62)
2 for hy > 10 meter
2 log| "¢ - 54 @)
°9 Jog : L, (dB) = 859+ 40log(d) - 20log(hy, ) -
10log(hy,) + 20log( f¢ ) (6.0)

And for open rural areas, it is as
where, h, is the height of the base station
antenna.h,, is the height of the mobile station
antenna.d is the Distance from base station

L(Open)(dB) = L (urbar) ~ a7glog(f.)) + antenna, where all distances are ranged in meter,
18.33Iog(fc)— 4094 ®3) ?Sr}fjfc is the frequency of transmission in megahertz

C. LEE'S MODEL

The correction factor, (af), in the basic
equation, differs as a function of the size of th«lae
coverage area.

The original Lee’s model is proposed for flat
rrain areas. The path loss relation depends on tw
main factors mainlyP,q, the power received at the

For small and medium areas, it is intercept point, ang, the path loss slope. General
Lee’s equation is given a

a(h,)=(1.1log (f,)- 0.7)h, - @

(156 log (f,)- 0.8) Lk=R-FK (7)

For large area, it is Or as

for f. < 300MHz d f
Lt =R - R +10ylog — [+10nlogl — |-
d f (8)

(0] (0]

a(hy ) = 829log(154h, ))? — 1.1dB 5 4

and

10Iog(ao)

where P, is the transmit power signdP, is the
for f, > 300MHz received power at linkage distance P,y is the
received power at the intercept pointhe path loss
a(hr)= 3_2(|og(1]_75hr ))2 - 497dB (55 Slope,f is the actual carrier frequencs is the
reference carrier frequency which is 900 MidZs
In the above equations, d is the distance betweére travelled distance in kilometer, and is the
transmit and receive antennas, represents the distance to the intercept point [6,7]. In the angi
operating frequency from 150MHz to 1500MHz. h Lee’s model the intercept point is chosen to be 1.6
the transmit antenna height from 30m to 200 m, arkin, but it could be chosen with another value. if
h, the receive antenna height from 1m to 10m [4]. another point is chosen, a correction factor should
be taken in to account.is the frequency exponent,
and is usually equals 2 if< 450 MHz in open or
suburban areas, and equals 3 for urban areds>for
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450 MHz. The correction facton, is used if 1000 points with distance ranges from 1 — 3 km, at
antennas height and gain, and transmit power attee frequency bands of 900, 1800 MHz.

different than the nominal values. The transmit Lee’s equation has been calibrated to suit the
antenna height nominal value is given as 30 meters q

with 6 dB gain, and transmit power of 10 W Thearea of Jiza. Five different areas are used to

receiver antenna height nominal value is 3 metera“brate both thg mtercept point path .IO@SP“"
with 0 dB gain [8]. The correction factaty is and the slopey, in the main Lee gquatlon for the
expressed as ' 900 MHz band. Table 1 shows different values of

PP, andy, calculated for different cities used in
the calibration of the original Lee’s model [9],dan

Qo = Q2030405 (9) are compared with the calibrated values at Jiza
town.
where
B. Data Verification
hn 2 h \
a = (—bj as = (ﬂ) To verify the calibrated Lee’s model for the 900
3084 3 (10.a) MHz, and for the 1800 MHz, one route at Jiza town

is used and shown in Figure 1. The area is
asz(ﬁj a :(Mj considered an open area with quasi-flat
10 4 (10.b) landscaping. The path of the collected data for the

900 MHz (right line), and for the 1800 MHz (left

as = Different mobile antenna gain factor.  (10.c)line). The positions of the transmitters of botle th

900 MHz and the 1800 MHz are also shown on
wherehy, andhn, are the new base antenna angtgure 1.

new mobile antenna heights respectively, in meter,

P, is the new transmission power in wa@Bn)mis Table 1: Comparison #P;, andy for different
the new mobile antenna gain in dB. The exporent locations compared to calibrated values in Jiza
values are defined as [8] town
values are defined as [5].
v=2  if hyy> 10 meters (11.a) Pe-Pro v
. (dB) slope
v=1 if hym< 3 meters (11.b)
LSJLékXeran areas in 53.9 384
3. DATA COLLECTION, CALIBRATION Philadelphia city 62.5 3.68
AND VERIFICATION Newark city 55.2 4.31
Tokyo city 77.8 3.05
A. Data Collection and Calibration Calibrated for
Jiza town (900 120.85 2.65
This study was carried out for different routes in | MHz)

Jiza town, south of Amman city, Jordan. The areas,

where the data has been collected, are considered ST :
rural areas with scattered buildings of mostly 1 9 mﬁ:gm { S
level, 4 - 5 meters above ground level. Greer| P . -
landscape is not common to be seen in such arec . ;
Data has been collected by ERICSSON TEMS
(Test Mobile Systems) Cell-Planner tool with an|

antenna mounted on a moving vehicle 1.5 mete’
above ground level. Average height of transmit ,
antenna is about 30 — 32 meter above ground leve A
with different transmit power. Sampling rate of the,
collected data, in an average, is about 2 — 3 sssnpl ] ‘ ] ’
per meter. The number of collected data points Figure 1: Measured data paths. Right is for

varies from one route to another with an average of 900MHz of distance 1 — 3.5 km. Left is for 1800
MHz of distance 1 — 2 km.[Google Earth].
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C. Evaluation of 900 and 1800 MHz Data D. RMSE Optimization

Figure 2 shows the calibrated Lee’'s model, for Optimization of the 1800 MHz for better RMSE
the 900 MHz, at one route in Jiza town compared talue requires revisiting Lee’s model again. This
the original Lee’s model calculated at differenequation (8) would be divided into 3 main parts.
locations in USA and Japan. Originally Lee hadhe first part is the original path loss relatidnen
data collected at different suburban areas in USAs
Philadelphia city, Newark city, and Tokyo city [8].

From Figure 2 it is clear that the calibrated Lee’s d
model has predicted path loss better than the P -Fo +1OV|Og(d_ (12)
original Lee’s model used in different areas than 0
Amman. The second part is a frequency dependent part
Lee's Model for Different Arcas, 900MHz ) given in the form
f
10nlogl — (13)
Amn fo
E ___ i 2 The third is the calibration dependent part to suit
S — A— for different scales of parameters, and was
— " Pisepis calibrated for Jiza town region for the 900 MHz.
e This part is given by
201 12 14 16 ‘BDislanie(km)“ 24 26 28 3 10'09(00) (14)

Neither (12) nor (13) can be optimized since they
Figure 2: Calibrated Lee’s model in Jiza town, fof'€ calibration dependent and frequency dependent

900 MHz, compared to calibrated Lee’s model o ctors. _The part of great - concern .in this
USA and Japan. optimization would be the third part given in (14).

In this part calibration is obtained for the 900 ¥H
This would show the need for a calibration to suiband, and used for the 1800 MHz band. So as we
different environments. RMSE values are used teuggest an optimization of the form
compare these models and are given in Table 2 for
the frequency band of 900 and 1800 MHz. As 10k|09(ao) (15)
shown in Table 2, it is noted that Lee’s model has
the lowest RMSE value compared to other models A regression analysis is utilized to maintain best
regarding the 900 MHz band. As the 1800 MHz i¥alue of k that would give minimum RMSE as
the concern, Egli's model has shown better RMSEhown in Figure 3. Ten different routes, of each
value with a deviation of 2.6 dB from calibratedfequency band, have been used to check for the
Lee's model. This would suggest that thePtimum value an_d _k is nolrmahzed fo.r the 10 areas
calibration used is still not efficient for the 180 under study. As it is implied from Figure 3, it is
MHz. thus an optimization procedure is proposed ifpund that, for the 900 MHz, the minimum value is
this paper to obtain better RMSE values. at k = 0.1, and k = 0.4 for the 1800 MHz. This
. difference in the value of k would imply its
Table 2: RMSE values for Hata, Egli, and  gependency on operating frequency f. In addition to

calibrated Lee’s models at 900MHz. that as the curve would suggest the relation betwee

Hata ' normalized cumulative RMSE and k is not linear,
Open Egli's Calibrated thus it is suggested that k may be represented as o

RMSE | Area Model | L€€'S the form

(@8) | Model Model ¢

k=m(—)? (16)
900 MHz 14.34 7.29 7.20 fo
I:\I'/I8|_|OZO 15.07 6.13 8.76
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Regression curve of k Airport road, Jiza town area for 900MHz
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Figure 3: optimized value of correction factor k fo

the 900 MHz (Points) and 1800 MHz (Line).  Figure 4: Comparison of calibrated and optimized
Lee’s model with best fitting path loss for the 900
MHz.

18 2 2
Distance (km)

Assuming such values of optimization factor k.
and regarding the minimum RMSE values it woulc
be inferred that m should be m = 0.1.

Airport road, Jiza town for 1800MHz

Thus the final Lee’s model is proposed to be @ -
the form

Pathloss (db)

L, =R -P, +10y|og[;j + 10n|og(ffj - "

10m (ff—)2 log(ar, ) 17) b
0

16 17 18 19 2 21
Distance (km)

To physically justify this difference in the value cjq, e 5: comparison of calibrated and optimized

of k, by using the obtained calibrated value iraJiz | go:g model with best fitting path loss for the 80
town for Lee’s model given in Table 1. This value MHz

would be the same for both the 900 MHz and the
1800 MHz. Also, a 6 dB difference would rise from

the re!ayon in (13), for open area Ccriteria. Table 3: RMSE Values for Calibrated Optimized

Normalizing the same parameters of both frequengyee,s Model and Best Fitting Path Loss for The 900
bands given in (15), it would be clear that a 4 d

additive value in favor of the 1800 MHz band. This and the 1800 MHz bands

would show that path loss differences between the] Routel| Route2| Routel|Route2
1800 MHz and the 900 MHz is added to up to 10 ,900 | ,900 |, 1800 |, 1800
dB. Thus, such value is within accepted range of MHz MHz MHz | MHz

path loss difference between the 900 MHz band an

; . Calibrated
the 1800 MHz as given in [10]. Lee’s 72 10.8 8.76 6.95
To verify the suitability of the optimized values | Model
of m, Figure 4 and Figure 5 show path loss relation Optimized
before and after the optimization for route 1, of Lee's 3.92 597 365 6.22
each frequency band, in airport road, Jiza town. Model

RMSE values before and after optimization with
Least square method (LSM) best fitting path loss|LSM best
line are also given in Table 3 for comparison. Fitting 2.8 4.1 3.59 5.00
Line

4. CONCLUSIONS

In the above study it is found that Lee’s model and
his proposed procedure is well suited open area
categories, for the 900 MHz band, in south of
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Amman city (Jiza town). The calibrated resultd5] L. Juan-Liacer, L. Ramos, and N. Cardoua,
were compared to both Egli's and Hata’'s model as  Application of Some Theoretical Models for
they represent other types of statistical path loss Coverage Prediction in Macro cell Urban
prediction models. It is found that for the 900 MHz Environment, IEEE Transactions on Vehicular
Lee’s model performed well and has the least Technology, 1999, v. 48, p. 1463-1468.

RMSE value, compared to the other two model§6] D. J. Y. Lee, and W. C. Y. Lee, Fine Tune Lee

The suitability of the procedure for other frequgnc Model, IEEE, PIMRC, 2000, v. 1, p. 406-410.
bands was not confirmed such that for the 180 M. Al-Safwani, and A.U.H. Sheikh, Signal

MHz Egl’'s model has the least RMSE value” *  giength Measurements at VHF in The Eastern
compared to the other models. This shows that the Region of Saudi Arabia, The Arabian Journal

correction proposed by Lee’s to include other for Science and Engineering, 2-003, v. 28, No.
frequencies needs more optimization. The 5~ p. 3-18.
optimization process was achieved through curv, ] W. C. Y. Lee, A New Propagation Path-Loss

fitting procedure and as a result a new frequen . " )
. Prediction Model for Military Mobile Access,
dependent parameter is suggested to be added to IEEE, MILCOM,1985, p. 359-368.

optimize the final relation. The new proposed N o
optimization has achieved best RMSE valud®l X. Wendjie, Z. Xin-li, X. Ke-wen, and W.
compared to other models. Other frequency LONg-gang, Localization of Lee model based
analysis is needed as to optimize the new parameter ©On Mmeasured data, IEEE, 9th ISAPE, 2010, p.
to account for a wide range of frequency bands. In 499-501.

addition to that, other area categories are to H&0] P. E. Magensen, P. Eggers, C. Jensen, and J. B.
analyzed to study the need and the effect of te ne ~ Andersen, Urban Area Radio Propagation

proposed parameter. Measurements at 955 and 1845 MHz for Small
and Micro Cells, IEEE, GLOBECOM 91,
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