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ABSTRACT

In this work Hata, Lee, Walfisch-lkegami and Free Space Loss models have
been compared with practical path loss based on series of measurements in Karada
district in Baghdad for GSM900 downlink band. Hata model showed the closest
path loss predictions with mean sguare error = 10.8 dB, but these results are far
from good prediction results and need enhancement. Hata modd was optimized
using Least Squares method based on measured received signa power. The
optimized Hata model showed much better results from the original Hata with
mean square error = 6.96 dB. The simulation and calculations were implemented
using MATLAB R2009b. The measurements were done using Field Test Display
(FTD) with a compatible hand phone to measure signa strength. A Ground
Pasitioning System (GPS) was used to measure the distance from transmitter.

Keywords: Path Loss Models, Modd Optimization, GSM 900, Suburban Outdoor
Coverage
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INTRODUCTION

ath loss refers to eectromagnetic wave attenuation between transmitter and
Preceiver in the communi cation system. Path loss may be due to many effects,

such as free-space loss, refraction, diffraction, reflection, aperture-medium
coupling loss, scattering and absorption. Path loss is also influenced by terrain
contours, environment (urban or rural, vegeation and foliage), propagation
medium (dry or moist air), the distance between the transmitter and the receiver,
and the height and location of antennas [1].

The prediction of path loss in channe is very important step in planning a
mobile radio system, and accurate prediction methods are needed to determine the
parameters of a radio system which will provide efficient and reliable coverage of a
specified service area [2].

PATH LOSSMODELS
Free Space Path L oss M odel

Free Space Path Loss (FSPL) provides a means to predict the received signal
power when there is no object obstructing the Line Of Site (LOS) path between the
Transmitter and the receiver [3].

The moded for path loss in a LOS environment is straightforward. The received
power P, is related to the transmitted power Pvia the Friis transmission formula

[3:

. EIRP 4= P.G.G.2? L
" 4md? T¢ T (4nd)? (@)
Where

EIRP isthe effective i sotropic radiated power = P, G,
G, isthetransmitter antenna gain.

G, isthe receiver antennagain.

d isthe separation between transmitter and receiver.

2
A, istherecever antenna effective aperture = %

A isthe signal wavdength.
The path loss for free space modd in dB is:

G,G, 12

P
PL (dB) = 1010, (Et) = ~10l0g10 515 (2

Hata M odel
Hata [4] empiricd mathematical reationships to describe the graphica
information given by Okumura. Hata’s formulation is limited to certain ranges of
input parameters and is applicable only over quasi-smooth terrain. The
mathematical expression and their ranges of applicability are as follows:
For Urban areas
PLyaia (DB) =69.55+26.16 logio (f) -13.82 logio (hy) — a(h,y,) +

(44.9-6.55 logio (b)) 10g10 (d) .. (3)
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Where

Carrier Frequency: 150 MHz < f, < 1500 MHz.
BTS Antenna Height: 30 m < hb< 200 m.
MS AntennaHeight: 1 m< h,,, <10 m.
Transmission Distance: 1 km < d < 20 km.
a(h,,) is the correction factor of MS antenna height and computed as
shown in equations (4), (5) and (6):

1. For asmal or medium sized city,

2.

a(hm) = (11 loglo(fc) - 07) hm - (156 loglo(fc) - 08) (4)

3. For large dity,
a) For f, <200 MHz
a(h,) = 829 (log10(1.54 h,)? - 1.1 .. (5)

b) For f. = 400 MHz
a(h,y,) = 3.2 (log1o(11.75 h,y)? - 49 .. (6)

The Hata model for open areas is a function of the Hata model for urban areas
plus a series of correction factors that reduce the loss based on logarithmic degrees
of the transmission frequency and a constant which will aways result in the open
arealoss being at least 40 dB less than the calculated urban area loss [5].

Lopen = Lso — 4.78(logso(f))* + 18.33logs(fe) — 40.94 - (7)

The suburban Hata Modd is a function of the urban Hata modd plus a
correction factor that reduces the degree of loss based on a logarithmic factor of
frequency plus a constant value that is only a small percentage of the constant
applied to the open area modd [5].

Lsuburban = L50 -2 [10910 (;_;)]2 - 54 (8)

The COST-W alficsh-lkegami model

This mode is combination of J. Walfisch and F. Ikegami model. Now it is
known as a COST 231 Walfisch-lkegami (W-1) model. This model can be used in
cases when the BTS (Base Transceiver Station) antenna is placed either above or
below roof line in urban or suburban areas [6].

This mode is most suitable for flat suburban and urban areas that have uniform
building height. The W-1 modd gives more precise path loss predictions among
other models like the Hata. This is a result of the additional parameters introduced
which characterized the different environments. The additional parameters are [7]:

Average heights of buildings (hy).
Average width of roads (w).
Average building separation (b).
Road orientation with respect to the LOS ().
This modd isrestricted to the following range of parameters:
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f =800 to 2000 MHz
h, =4to50 m
h,=1to3m

d =0.02to5km

This modedl distinguishes between LOS and non-LOS paths as follows.
1. For LOS paths the equation is as below:

Lyps = 42.6 + 26log,0(d) + 20logqo(fc) - (9)
Where
fe inMHz

dinKmandd =20m.
2. For non-LOS the equation is as bel ow:
PLFSPL + Lrts + Lmsd
Lyros = - (10)
PLpspr
Where:
L5 iSthe rooftop-to-street diffraction and scatter-loss.
Lonsq 1S the multiscreen diffraction loss.

Lyes = —16.9 — 10logo (W) + 1010910 (f;) +2010g10(hr — A ) +

Lori (11)
Where L,,; isthe orientation loss and can be found using Eq. (12).
—-10+0.354 ¢ 0° < ¢ <35°
Loy = 425+ 0.075 (¢ — 35) 359 < ¢ <90° .. (12)
4 —-0.114 (¢ —55) 552 < ¢ £ 90°

Lmsd = Lbsh + ka + kd loglo(d) + kf 10910(fc) -9 loylo(b) (13)
Where:

Lysn isthe shadowing loss and given as shown bel ow.
_ (—18logyo[1 + (hy — hy) hy > h,
Lpsn = {0 hy, < h, .. (14)

kg, kq and kg are correction factors and given as shown below.

54 hy = h,
ky = { 540.8(hy, — h,) h, < h, andd=05km .. (15)
54 —0.8(hy, —h,)  h, <h, @ndd<05km
18 hy, > h,
= hy,— h
ka=171g_ 150w =) hy < h, (16)
hy
(0.7 (9];5 - 1) for medium sized cities and suburban
kf = centers with medium tree density. - (A7)
fe ) .
15 (925 1 for metropolitan centers
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LeeModd

W.C.Y. Lee[6, 8] proposed a very simple signal propagation modd originating
from a series of measurements made in the USA at the carrier frequency f. = 900
MHz. According to the Lee modd, the path loss in suburban area is calculated as
shown below:

Lso = 101.7 + 38.5l0g,0(d) + 10 mlogy, (ﬁ—) —Fyyp .. (18)
0

Where:
fo is the reference frequency f, = 900 MHz

m is an exponent varies with the frequency.
{2 for suburban and rural areas and f, < 450
m =

..(19)
3 for urban areas and f, > 450

F, is the correction factor selected on the basis of a series of component
factors according to Eq. (20)

F, = ﬁFi .. (20)

=1
Where the subsequent factors F; are described by expressi ons bel ow:

F = ( fe )2 21
1= 30.5 e ( )
hm\®
F,= (?) (22)
Thevalues of v are shown below:
1 for h,, <3
v= { ..(23)
2 for hy, <10
actual BTS antenna gain relative to a half wave dipole
4
F, = actual MS antenna gain relative to a half wave dipole .. (25)

MEASUREMENT DATA

The received signa strengths were collected from four sectors, each sector
illuminated by a directional antenna. The measurements were conducted in Karada,
Baghdad Suburban aress. The strests widths were measured using Google-earth
software. The mean building separation was calculated using the following

equation [2].
b= g .. (26)
Where:

B is the mean building seperation.
W is the mean street width.
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The mean buildings heights were calculated on the assumption that each
buildings level is 3m height [2] as shown intable (1).

The measured data was collected with different roots and signal strength were
recorded for the same distances a various locations in order to get averaging of
signal strength for BTS1 and BTS2 as shown in Figures (1) , (3), (5) and (7). The
fiedd was examined as shown in Figures (2), (4), (6) and (8). The frequency band
was in GSM 900 downlink (between 935 MHz and 960 MHz). The human body
loss was imposed during testing when the mobile station was held by hand causes
attenuation of 3dB through human body [9].

Due to building obstacles and high cochanne interference (because of
frequency reuse), the measurements were only conducted for maximum radial
distance of 1.25 km.

Path loss calculations

Path loss can be caculated via forward link (downlink), in which the

transmission path is from the base transceiver station to the mobile station [10]:

PL(dB) = Pry + Gryx — Lrx — Prx + Grx — Lgx — Ly .. (27)

Where:
- PListhepathloss

Prx > isthe received power.

Pry isthe transmitter output power (dBm).

Grx: isthe transmitter antennagain = 16.5 dBi.

Lry: Arethetransmitter losses=5 dB.

Ly: Are the miscdlaneous losses (fading margin, body loss, other

losses) = 3 dB.

Grx - isthe receiver antennagain = 0 dBi.

Lpy: Aretherecever losses=2 dB.

The calculated path loss were averaged every 100 m. The average path loss is
drawn with distance as shown in Figures (9), (10), (11) and (12).

The path loss prediction models which are used here for comparison with the
calculated path loss are Hata, Lee, W-I and FSPL. Figures (13), (14), (15) and (16)
show the mean values of the calculated path loss and predicted path loss for
different models against the distance between the BTS and the MS.

MODELSVALIDATION

The exact calculation for path loss is possible only for simple cases such as free
space propagation [11]. For practical cases the path loss is calculated using variety
of modds and it is important to calculate which mode serves better for the area of
application. The Mean Squared Error [12] was calculated in order to estimate the
better modd for path loss prediction in Karada district and to decide the best model
for optimization as shown bdow:

,Z(PL—Pmo el)?
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Where:
MSE is the mean square error
N |sthe number of calculated data points.

Table (2) shows the MSE of each modd prediction with the calculated oath
loss. The MSE shows clearly that Hata modd gives the smallest prediction error
(MSE =10.46 dB) compared with other models, but the given results far inaccurate
and need improvement. The reason of these differences is that each modd was
derived based on certain assumptions and these assumptions may change according
to the area.

OPTIMIZATION PROCESS

From the presented results, it was conducted that certain corrections should be
introduced into Hata model in order to improve its performance in Baghdad. It was
suggested in [13] that the most appropriate tool for such optimization may be the
well known statistical method of least squares.

The Hata modd for suburban area equation may be written as shown below in
Eq. (29) below:

PLygta = 69.55 + 26.16 10g10 (£.) -13.82 10g10 (hy )-Ch + [44.9 -6.55 l0g1o (k)]
logio (d) ..(29)

The Hata model as any other empirical prediction models contains three basic
elements: initial offset parameter (E;), initial system design (Esys) and the parameter
establishing the slope of modd curve (Bs,s) [13].

From Eqg. (29) the three system parameters can be found by the following

equations below:
1) E, parameter is fixed for a given Hata modd and expressed by Eq. (30)
below:
E, =64.15 ...(30)

2) Ess parameter is dependent on system features. It is constant for a
given system ingtalation and expressed by Eq. (31).
Esys=26.16 logio (f;) -13.82 10g10 (hy)-Ch -2 [|Oglo(£—;)]z

.. (31)
3) fss parameter is aso a constant for a given system installation and
expressed by Eqg. (32)

Bsys =P[44.9- 6.55 10g10 (hp)] ..(32)

For Hata the modd optimization only two parameters might be relevant and
sufficient: initial offset and slope of the curve. In the latter case, it would be most
convenient way to adjust the overal slope parameter in eqg. (4.8), because of its
appropriate placement in front of the expression [13].

Now thetotd path lossis given by Eq. (33):

Plyata = Eo+ Egs+ Boys 10010 (d) .. (33)
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The appropriate tool for optimization as it was mentioned is the statistical
method of least squares (LS). The condition of best fit of theoretical curve with a
given set of experimental points would be met if the function of sum of deviation
squares is minimum [14].

N
P(a,b,c,..) = Z[yi — Eg (x5,a,b,c,..)] 2 ..(34)
i=1

Where:
y; = measurement result at distance x; .
Eg (x;,a,b,c,..) =modding result at the x; based on optimization.
a, b, c = Parameters of the model based on optimization.

For P to be mi nimum; the required conditions
P _
Eh
L
) ab
arely oo .. (35)

dc

Solution of Eq. (35) can be simplified based on Equations (30), (31) and (32).
Parameters of P function in Eq. (34) is expressed by Egs. (36) and (37):

a =Eo+ Egs .. (36),

b= Beys .. (37)
' This would mean that the expression of Hata modd in Eq. (29) transformed
:Dnlf:z;ta =a+Dblogwd .. (38)

Further simplification may be achieved through the change of logarithmic base:
logyo d = X, then (38) becomes:

PLHata =a+ b X (39)
From Eq. (38) both factors a and b are constants for a given system installation

(transmitter and receiver), hence a and b are also constants for a given set of
measurement. The solution of EQ. (35) may be expressed by:

Z(yl— Be(uab). 5t = (yi-a-bx)1=0  ..(40)
Z(yl— BeGab). 5t = (ma=bx) ;=0 @)
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By repaositioning of Egs. (40) and (41) would provide the following

expression:
na+bXx, =Xy .. (42)
aXx; +bXx2=X(x;.y:) ..(43)

The solution of Egs. (34) and (35) may be found by applying variable
substitution method in Egs. (42) and (43).
This would give the statisticd estimation of parameters a and b:

LX) EYyi— XX XXy
O T I (Zx)? - (44)

_n.inyi — XX LY
T E) - (Zx)? -9

S

Whered, b, E, and [ are the mean values of a, b, E, and f respectively.

Eqgs. (44) and (45) dlows a simple calculation of parameters a and b of Hata
modd Eg. (38) for a given set of experimental measurements. This leads to the
offset and slope parameter in the original Hata model may be calculated from Egs.
(32), (36) and (37).

EO = & - Esys (46)

b
44.9 — 6,55 1094, h;

g = . (47)

After substituting measured data using Eq. (44), Eq. (45), Eq. (46) and Eq. (47),
E, = 54.36 and 8 = 0.887. These vaues alows for accurate prediction of path loss
using Hata moddl with the modified empirical parameters.

RESULTS AND DISCUSSION

The cdculated path loss using optimized Hata was plotted in Figures (17), (18),
(19) and (20) with the path loss prediction models (Hata, W-I, Lee and FSPL) of
each sector against the distance It can be noted that the optimized Hata gave very
good path predictions in according to original Hata. In general, the optimized
modd gave good results for distances above 800 m which are very important for
interference consideration and for cell coverage caculation, since the cdl coverage
in Baghdad does not exceed 1 km of distance separation between the BTS and MS.

The MSE of optimized Hata were calculated and shown in Table (3), in Table
(3) the impact of enhancement is clearly shown with 3.84dB difference between
the original and optimized Hata

CONCLUSIONS
In this research, the received signal strength of mobile communication system
(GSM 900 band) was measured in Baghdad suburban aress. The caculated path

3031

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

ISR = ANe V1§ EIMYIe IO \[oXWg20xl.  Per for mance Evaluation of Path L ossin M obile
Channel for Karada digrict in Baghdad City

loss was compared with known models in terms of rdative error and MSE.
Generdly the Hata path loss model gave the closest predictions (the average
relative error = 8.74% and the average MSE =10.80dB).

The obtained results from Hata modd still have a lot of divergence from the
actual path loss. This modd was optimized using least squares in order to obtain
better results. The results are better from the origina Hata (the average reative
error = 5.6% and the average MSE = 6.96 dB). According to the obtained results
the optimized Hata modd can be used to predict the signal strength of mobile
phone due to BTS in Baghdad suburban area compared with other models. This
modd is useful for Irag telecommunication providers to improve their service for
better capacity and better mobile user satisfaction with low drop in cdls inside the
cdlls and during handoff process.
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Table(1): W-I extended parameters.

Sector Mean M ean buildings Street Width
building Separation in in meter
Height meter
in meter
1 12 60 30
2 9 20 10
3 9 20 10
4 9 20 10
Average 10 30 15
Table (2): MSE of prediction models.
Hata W-I Lee FSPL
Sector 1 13.61 dB 12.75dB 12.16 dB 26.40 dB
Sector 2 7.93dB 10.70 dB 17.41dB 31.49dB
Sector 3 9.19dB 1121 dB 19.81dB 36.05dB
Sector 4 12.48 dB 15.26 dB 13.23dB 27.63dB
Average 10.80 dB 12.48 dB 15.65dB 30.39dB

Table (3): MSE of optimized Hata and prediction models.

Hata W-I Lee FSPL Optimized
Hata
Sectorl | 13.61dB | 12.75dB | 12.16dB | 26.40dB 7.32dB
Sector 2 793dB | 10.70dB | 17.41dB | 31.49dB 4.70 dB
Sector 3 919dB | 11.21dB | 19.81dB | 36.05dB 9.10dB
Sector4 | 12.483dB | 15.26dB | 13.23dB | 27.63dB 6.73dB
Average | 10.80dB | 12.48dB | 15.65dB | 30.39dB 6.96 dB
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Figure (11): Calculation path loss of
sector 3 according to practical
received signa power.
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Figure (10): Cal culation path |oss of
sector 2 according to practical
received signal power.
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Figure (12): Calculation path |oss of
sector 4according to practica
received signal power.
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Figure (14): Mean path loss of Sector
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Figure (15): Mean path loss of Sector
3.

PDF created with pdfFactory Pro trial version www.pdffactory.com

12

Figure (16): Mean path loss of Sector
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Figure (17): Sector 1 measure path
loss V'S prediction path loss by
existing path loss models and
optimized Hata path |oss modd.
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Figure (19): Sector 3 measure path
loss V'S prediction path loss by
existing path loss models and
optimized Hata path |oss modd.
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Figure (18): Sector 2 measure path
loss V'S prediction path loss by
existing path | oss modd s and
optimized Hata path loss modd.
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Figure (20): Sector 4 measure path
loss V'S prediction path loss by
existing path | oss modd s and
optimized Hata path loss modd.
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