International Journal of Computer Applications (0975 — 8887)
Volume 70— No.10, May 2013

Empirical Characterization of Propagation Path Loss and
Performance Evaluation for Co-Site Urban Environment

Okorogu V.N Onyishi D.U
Department of Department of
Electronic & Electrical &
Computer Electronic

Engineering, Nnamdi
Azikiwe University

Awka, Anambra
State, Nigeria

Engineering, Federal
University of
Petroleum

Resources, Effurun,
Delta State, Nigeria

ABSTRACT

The design of future generation communication systems
depends so much on the suitability of path loss methods and
their suitability to various regions. However, such models, no
matter how accurate, will result in co-channel interference and
wastage of power when they are used in environments for
which they were not developed. So, the best bet is to perform
site-specific measurements. This research work characterizes
the propagation path loss in an urban environment for co-site
CDMAZ2000-800MHz (CDMA2000 1x/UMTS800) and
GSM900MHz. Received Signal Strength (RSS) measurements
were gathered in Enugu from Mobile Telecommunications of
Nigeria (MTN) Network (GSM900) and Visafone Network
(CDMAZ2000 1x) in sites where each Network operates alone
and where both Networks shared sites (co-site or co-
existence). RSS data gathered was used to characterize Enugu
Urban Environment and a propagation Path Loss model,
suitable for scenario with Base Station antenna height above
the average rooftop was subsequently developed. SINR was
generated to evaluate the Link performance of co-site
operation in comparison to Single Network operation in a site.

KEYWORDS: Received signal strength (RSS), path loss, co-
site

1. INTRODUCTION

In Wireless technology, the Propagation Path Loss and
Interference level have strong impact on the quality of the
Link. The accurate determination of Path Loss and mitigation
of interference leads to development of efficient design and
operation of quality networks. Equipment vendors specify
system parameters for deployed Systems [1], and researches
are still ongoing in many Countries, to determine or validate
the values of Propagation Path Loss in their own environment.
Propagation models have been developed as tools in
estimating radio wave propagations as accurately as possible.
Models have therefore been created for different environments
to predict the Path Loss between the transmitter and receiver.
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With the growth of wireless Communications, two different
Systems or Generations might be deployed in adjacent
frequency bands in the same area (CDMA2000 1x/GSM900
or 1S-95 CDMA/WCDMA). As more new Operators emerge
and more new Mobile Communication Systems are put into
use, multiple different Systems are more frequently located at
the same site. This phenomenon is called co-site, shared or co-
existence network. Radio propagation is heavily site specific
and can vary significantly depending on terrain frequency of
operation, velocity of mobile terminal, antenna heights etc.
accurate characterization of radio channel through key
parameters and a mathematical model is important for
predicting signal coverage, achievable data rates, specific
performance attributes of alternative signaling and reception
schemes [2]. Path loss is the reduction in power of an
electromagnetic wave as it propagates through space. It is a
major component in analysis and design of link budget of a
communication system [3]. It depends on frequency, antenna
height, receive terminal location relative to obstacles and
reflectors, and link distance, among many other factors.
Propagation path loss models prediction plays an important
role in the design of cellular systems to specify key system
parameters such as transmission power, frequency, antenna
heights etc. Propagation prediction usually provides two types
of parameters corresponding to the large-scale path loss and
small-scale fading statistics. The path loss information is vital
for the determination of coverage of a base-station (BS)
placement and in optimizing it. Without propagation
predictions, these parameter estimations can only be obtained
by field measurements which are time consuming and
expensive [4].

2. RELATED WORKS

Vinko Erceg et al [5] presented a statistical path loss model,
derived from 1.9GHz experimental data collected across the
United States of America in 95 existing macro cells. They
analyzed an extensive body of experimental data, collected by
AT&T Wireless Services in several suburban environments
across the United States of America, such as New Jersey,
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Seattle, Chicago, Atlanta and Dallas; providing a good range
of terrain categories. With base station antenna heights
ranging from 12m to 79m, the base station antenna
transmitted continuous wave (CW) signals with an Omni-
directional azimuth pattern and gain of 8.14 dBi. The mobile
antenna was of 2m height with gain of 2.5 dBi. The data were
collected, using Grayson receiver, set for 1-s averaging as
the van moved throughout the environment. The result
showed that the reference Path Loss was close to the
calculated Free Space Path Loss.

Ly= A+10nLogy G +s; d>dy (1)

Fixing A in Equation (1) as the Free Space Path Loss
at the reference distance, d,, they calculated the Path Loss
Exponent n, as a Gaussian random variable over the
population of macro cells within each terrain category. They
also deduced that the power law exponent is strongly
dependent on the base station antenna height and the terrain
category, so they proposed Equation (2) for Path Loss
exponent as:

n=(a-bh; + c/hy) + Xo,, 10m > hy>80m (2)

where hy, is the base station antenna height in meters and the
terms in parenthesis is the mean of n (with a, b and ¢ in
consistent unit); o, is the standard deviation of n; x is a zero
mean Gaussian variable of n unit standard deviation, N [0, 1];
and a, b, ¢ and o, are all data derived constants, for each
terrain category.

Purnima and Sigh [6] compared some of the existing
empirical path loss propagation models: Stanford University
Interim (su, Okumura, Hata,
COST-231, Log-distance and ECC-33 models; with their
measured field data. Measurements were taken in the three
regions, depicting the high, medium and low density of urban,
suburban and rural setting of India at 900MHz and 1800MHz
frequencies, using a Spectrum Analyzer. They deployed a
transmitter with power rating of 5KW, taking measurements
at regular intervals of 1km to 5km with a reference distance of
1km. Using Matrix Laboratory (MATLAB) graphical
representation; they deduced that ECC-33, SUI and Okumura
models showed better results in urban areas, while Hata and
Log-distance models gave better results in rural environments.

A path loss model, based on field measurements carried out
by Vishal Gupta [7] for the suburban city of Mehuwala, Dehra
Dun was compared with the Hata model, which is a widely
used model in path loss prediction in CDMA based systems.
A comparison of Gupta’s developed model with Hata model
gave significant difference; hence they recommended that for
accurate path loss prediction, field measurements must be
performed. The measured data was then used to correct the
existing model for the fringe environment of Dehra,
Uttarakhand, India.
All measurements were taken from a mobile terminal, using
3GHz Micronix Spectrum Analyzer MSA 338, Noise Figure <
4dB, and antenna gain factor of 16.5dB. Transmitted power
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was 5KW. Measurements were taken in all three zones/sectors
of the antennas. For macro cellular systems, the reference
distance, as a rule is taken as d, = 1km. Starting from 1km,
measurements were taken in intervals of 500 meters (0.5km)
in the three zones.

3. PATH LOSS MODEL

In general, Path Loss (Lp) is expressed as:

Transmitted Power
LP = DoovedPower @)
Received Power

Which in decibel (dB) is:
Lp [dB] = 10Log [] dB 4)

Most Radio Propagation Path Loss models are derived using a
combination of Analytical (theoretical) and Empirical
methods. The Empirical approach is based on fitting curves or
analytical expressions that create a set of measured data,
which has the advantage of implicitly taking into account, all
propagation factors through actual field measurements.
However, the validity of an Empirical model at transmission
frequencies or environments, other than those used to derive
the model, can only be established by additional measured
data in the new environment, using either of the two practical
path loss estimation techniques [8] presented below

3.1 Log-distance Path Loss Model.

This model does not consider the fact that surrounding
environment clutter may be vastly different at two different
locations, having the same T-R distance separation for
outdoor radio channels. In Literature, the average large-scale
Path Loss for an arbitrary Transmitter to Receiver (T-R)
separation is expressed as a function of distance, using path
loss exponent, n as expressed in the equation below

Lp (di) = Lp (do) + 10 Log (=) )

Where n is the path loss exponent, which indicates the rate at
which the path loss increases with distance, computed
from the formula:

_ Lp(di)-Lp(do)
10Log(§—(i))

(6)

A plot of Eq. (5) on a log-log scale shows the modeled path
loss as a straight line with a slope equal to 10 dB per decade,
while the intercept Lp (do) is the Free Space Path Loss at the
reference distance, do.

3.2 Log-normal shadowing Path Loss Model.
Shadowing is the gradual variation of Received Signal
Strength ) around its

average value, while fading is the rapid variation in the
Received Signal Strength, due to multipath effects. This
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model describes the random shadowing effect which occurs
over a large number of measurement locations, having the
same T-R distance separation, but with different levels of
clutter on the propagation path. Therefore, including the
shadowing factor xo, into Eq. (5), yields:

Lp (di) = Lp (do) + 10n Logye () +x5  (7)

Where xo is a Zero-Mean Gaussian distributed random
variable (in dB) with standard deviation ¢ (in dB). Using
linear regression analysis, the path loss exponent, n, can be
determined by minimizing (in a mean square error, sense) the
difference between measured and predicted values of equation
(6) to yield:

n= Z{F=1[Lp(di) - Lp (do)] (8)
Z{":l 10 L(’gm(j_(i))

The standard deviation, o is equally minimized using the

formula:
- (Pm_Pr)2
o= |5 CuP ©)

Where, Pm = Measured Path Loss
Pr = Predicted Path Loss
N = Number of measured data points

Received Power, Pr in (dBm), at any distance D from the
Transmitter, with Transmit Power, Pt in (dBm) is given by:

Pr (dBm) = Pt (dBm) — Lp (dB) (10)

P, can be evaluated from measured data for any distance (d;),
using the formula:

P, (dB) = 10Log P, (d,) (12)
or
— pr(do)
Pr (dBm) =10 Log [m] (12)
For System Loss therefore:

Pr (dBm) = Pt (dBm) + Gt (dB) + Gr (dB) — Lt (dB)  Lr (dB)
—Lp (dB) (13)

where: Gt = Base Station antenna gain factor
Gr = Mobile Unit (GPS) gain factor

Lt = Transmission Line plus Filter Loss between
transmitter and transmit Antenna

Lr = Transmission Line plus Filter Loss between
receiver and receiver antenna
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In most work, Lt and Lr are ignored and when the antenna
gain factors are not the same, Equation (13) becomes:

Pr (dBm) = Pt (dBm) + Gt (dB) + Gr (dB) — Lp (dB)

The Free Space loss can be simply written as a function of
Frequency (F) and Transmitter to Receiver (T — R) distance
D,

L= 32.44 + 20Log (fun,) + 20Log (Dym)  (14)

Equation (14) is the Harald T. Friss Free Space Path Loss.
Using the Geometrical Theory of Diffraction (GTD) [9, 10],
and considering the excess loss due to the diffraction from
rooftop down to street level, which takes place at the
buildings next to mobile station, and the scatter loss, the path
loss is given as:

I_p = LfS + I_S + Ld
which if expanded can be expressed as:

A
— 2
Lp = —10Log [ “4mD) 2]—10Log10[ (- — )]—

2m2r\8  (2m+ 0)
1.8
2(4he |d
10Log10[(2.35) <D x) ]

(15)

4.RESEARCH METHODOLOGY

The Research was conducted, in Enugu urban environment
and Received Signal Strength (RSS) measurements was
gathered from both GSM900 and UMTS800 Base Trans-
receive Stations of both MTN and Visafone that deploys a
transmitting Centre frequency of 947.5MHz and 876.87MHz
respectively, and transmitter power in the range of 20W and
30W, mounted on steel towers spatially separated by a
horizontal distance in co-site cells, with average tower height
of 30meters. Field experimental data (RSS) were gathered to
be able to optimize the model derived, whose validity must be
tested, since the model is bound to be useless and should not
be deployed, if its validity cannot be tested. RSS
measurements up to a distance of 1250meters, were gathered
in four (4) sites in Enugu Urban, were both GSM and CDMA
Systems co-exist in shared sites, and two (2) other sites, were
they operate alone, one (1) each for CDMA and GSM
Systems. Figure 1 shows the graphical location of sites were
measurements were taken. The instrument used in gathering
data, that is, the Received Signal Strength (RSS) was the
Transverse Electromagnetic Wave (TEMS) Investigation
Application software programmed in a Laptop shown in
figure 2 below. The measurement tool was sourced from
Huawei Technologies (Installers of GSM and CDMA
equipment for both MTN and Visafone).

The Radio Propagation Simulator (TEMS) which serves as the
Mobile Unit, in this instance, records the base station and each
test point coordinates (latitudes and longitudes), together with
the Received Signal Strength (RSS).
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Figure 2: TEMS Measurement Tool used for Field
gathering of RSS Data

5. RESULTS AND DISCUSSION

Ten (10) different Received Power measurements were
conducted in each of the three sectors of the six (6) target BTS
during the three (3) periods as in the timing schedule, and
since variances were observed in the measurements, at the
same distance in the different sectors for all the BTSs,
signifying different levels of clutter on the Propagation path
(distance between the Transmitter and Receiver), the Mean or
Average value of the measured data (Received Signal
Strength) was noted as in Table 1.

International Journal of Computer Applications (0975 — 8887)
Volume 70— No.10, May 2013

Recall equation 12, when the Received Power is in dBm unit
(decibel relative to milliwatt), the Received Power, P, is
expressed as:

Pr (dBm) = 10 Log [2X52)),

where Pr (do) or Rxav is in unit of Watts, converted to decibel
(dB) and do is the close-in reference distance. Pr can hence be
evaluated from the RSS measured data, for any distance (di),
using Equation (11):

Pr (dBm) =10 log Pr (do);
where d, is the close-in distance of 100meters.

Table 1 Average Received Signal Strength (RSS) or Ryayv

Distance (m) RSS (dBm)
100 -44
150 -45
200 -47
250 -49
300 -51
350 -53
400 -55
450 -57
500 -60
550 -62
600 -63
650 -65
700 -67
750 -69
800 -71
850 -73
900 -75
950 -77
1000 -79
1050 -80
1100 -83
1150 -84
1200 -85
1250 -87

Recall that the gradual reduction of the Signal Strength
(Power), as the Transmitter and Receiver (T-R) distance
increases is called Path Loss as expressed in Equation (4); that
is:

Path Loss = Lp (di) dB =10 Log [ *] (dB),

which is then evaluated using measured data (Average
Received Power) from Table 1. From Equation (11), at a
close-in distance, do of 100m, the Median Received Power is:

37




Power (Rxav) = Pr (dBm) = - 44 dBm.
That is, -44 = 10 Log Pror Log Pr=-4.4
Hence Pr = 10" =3.981 * 10®° dB and Pt = 30W =14.77 dB.

Working with decibel (dB) unit, the measured Path Loss value
becomes:

14.77
3.981% 1075

Lp (di) = 10Log [ 2] = 10 Log = 55.69 dB.
Subsequent values of Path Losses for specified distances,
0.1km< di <1.25km; are evaluated, using same procedure
and presented in Table 2, and a plot average measured path
loss against distance is shown in figure 3

Table 2: Average Measured Path Loss for Enugu Urban

Distance | Median Rysy | Measured Path Loss
(km) (dBm) Lp (di) [dBm]
0.10 -44 56
0.15 -45 57
0.20 -47 59
0.25 -49 61
0.30 -51 63
0.35 -53 65
0.40 -55 67
0.45 -57 69
0.50 -60 72
0.55 -62 74
0.60 -63 75
0.65 -65 7
0.70 -67 79
0.75 -69 81
0.80 -71 83
0.85 -73 85
0.90 -75 87
0.95 =77 89
1.00 -79 91
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1.05 -80 92
1.10 -83 95
1.15 -84 96
1.20 -85 97
1.25 *-87 99
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Figure 3: Simulation of Average Measured Path Loss for
Enugu Urban

Path Loss Exponent indicates the rate at which Path Loss
increases with distance. Path Loss can therefore, be Estimated
or Predicted, using data obtained from field measurements,
which are substituted into Equation 5

Lp (di) = Lp (do) + 10n Log ()

From field measurement, at close-in distance, (do) of 0.1 km,
Lp (do) =56 dB.

Estimates or Predicted values of Path Loss at specified
distances are calculated as follows:

At di =0.1km =do,
Lp (di) =56 + 10n log 7 = 56

At d, =0.1km and di = 0.15km,

Lp (di) =56 + 10n log 00;15 =56+ 1.8n

Subsequent evaluations were carried out in the same manner.
The path loss exponent, n, can be manually calculated using
Equation (6), or derived statistically through the application of
linear regression analysis technique by minimizing in a mean
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square sense, the difference between the Measured Path Loss
and the Predicted (Estimated) Path Loss as given by equation

®)

= Ztzallp (@) ~ Lp (do)]

d;
%110 Logao (1)

where the term Lp (di) represents Measured Path Loss or
(Pm), and Lp (do) represents Predicted Path Loss or Pr and k
is the number of measured data or sample points. The
expression, Lp (di) — Lp (do), that is, (Pm — Pr) is an error
term with respect to n, and the sum of the mean squared error,
e(n), is expressed as:

e(n)= T4 [Lp(di) — Lp(do )] (16)

The value of n, which minimizes the Mean Square Error
(MSE), is obtained by equating the derivative of Equation
(16) to zero, and solving for n:

de(n) =0

o a7

From the result of the evaluation we have that equation (16)
becomes;

K
(Pm — Pr)? = 1554.03n? — 9669.26n + 15783
1

i=
de(m) _
an

Applying Equation (33):
9669.26 =0

0, that is, 2[1554.03n] —

Hence, 3108.06n — 9669.26 = 0;
This shows that,

3108.06n = 9669.26
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9669.26
3108.06

Therefore, n = =3.11

It follows that Path Loss exponent n, for Enugu Urban
Environment is 3.11

Equation (9) is used to determine the Standard Deviation,
(dB) about the mean values:

_ (Pm—Pp)? _ (1554.03n2— 9669.26n+15783,1
o= X N =1 N 12

1554.03* 3.11%— 9669.26*3.11+15783]%
24

Thatis, o = [

= (5226 |; = 5,508 dB = 6 dB.
24

The standard deviation, ¢ of the log-normal shadowing about
its mean value is 6dB

Hence, Lp (di) = 56 + 3. 11 log (<) + 6 dB

Therefore, the resultant Path Loss Model for shadowed Enugu
Urban Environment is:

Lp (di) = 62 + 311 log (*), that is;

Lp (d) =62 + 31.1 log (D) (18)

To lend credence to our derived Proposed Path Loss model,
this work compared the statistically predicted result of
Received Signal Strength and that of other existing
(traditional) models, with the measured results (Table 3). The
RSS (Pr) is therefore, calculated under the same set of
transmission conditions using same simulation parameters
[11, 12, 13]. Figure 4 shows the simulation result of table 3.

Table 3: RSS Comparison - Measured versus Predicted

Distance/Models Measured Measured | Free Hata COST- ECC-
CDMA2000 1x GSM900 | Space 231 33
0.10 -45 -48 -19 -48 -54 -55
0.15 -46 -49 -22 -53 -55 -57
0.20 -47 -50 -25 -56 -59 -59
0.25 -50 -53 -26 -58 -61 -64
0.30 -51 -54 -28 -60 -63 -70
0.35 -52 -55 -29 -62 -67 -72
0.40 -54 -57 -31 -65 -69 -75
0.45 -56 -59 -32 -67 -72 -76
0.50 -61 -64 -32 -70 -74 -79
0.55 -64 -66 -33 -72 -77 -82
0.60 -66 -70 -34 -75 -79 -83
0.65 -68 -73 -35 -77 -83 -85
0.70 -71 -75 -35 -79 -84 -88
0.75 -74 -77 -36 -80 -86 -89
0.80 -76 -80 -36 -83 -88 -91
0.85 -78 -82 -37 -85 -90 -93
0.90 -81 -85 -38 -89 -91 -95
0.95 -84 -87 -38 -91 -93 -97
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1.00 -86 -88 -39 -93 -94 -99
1.05 -87 -89 -39 -94 -97 -100
1.10 -89 -91 -39 -95 -98 100
1.15 -90 -92 -40 -96 -99 -102
1.20 -91 -93 -40 -97 -100 -104
1.25 -92 -94 -40 -98 -101 -105
B Figure 1 ) S |
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Figure 4: RSS Comparison — Measured

In this work, SINR was generated to evaluate the Link
performance of co-site operation in comparison to Single
Network operation in a site using Equation below;

File Edit View Insert Tools Desktop Window Help ¥
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x10° SINR Performance evaluation
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Figure 5: Simulation of SINR performance evaluation

Vs Predicted (Traditional Models)

S
14N,

SINR =

(19)

Where S is the resulting RSS (P,) values gathered from field
measurements (Table 1) and N, is a constant (-109dBm) [7].

6. CONCLUSION

The rapid growth of Cellular Radio in the 800MHz band (3G)
and its deployment in the RF environment of existing 2G
Networks (GSM900) results in increased Interference level
for co-site or shared-site Systems, since Signals generated is
an interference source to all other Systems in the crowded RF
environment. A typical design policy for GSM infrastructure
is to maintain multiple transmission stations (BTS) in one
transmitting Antenna in order to increase the Cell capacity.

Real time Received Signal Strength measurements were
gathered from ten (10) sites where MTN GSM Systems co-
exists with VISAFONE CDMA20001x (UMTS800) Systems.
The RSS measurements enabled this work to determine the
Path Loss and characterize Enugu Urban environment. The
result obtained for the Path Loss Exponent is in tandem with
reviewed works for shadowed urban environment.

The Link quality assessment showed better Quality Service
when Systems are operating alone than in Co-Site
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arrangement due to increased level of Interference in relation
to SINR parameter.
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