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ABSTRACT

Prediction of path loss in a wireless system is important to determine its quality of service. Fluctuations
and variations of signal strength at higher frequency range in Near Field zone, is a common difficulty to
achieve higher data rate. Continuous variation in signal causes decay of strength by the interference of the
atmospheric obstructions and hence electric field intensity gradually decreases with the distance. In this
paper the behaviour of field strength is explored through AWAS Electromagnetic Code which predicts the
rapid variations in electric field intensity irrespective of environment as compare to statistical models
which do not capture the variations as per Environment. An adequate and optimum values of these
parameters is essential for efficient transmission. The results show that the numerical analysis predicts
much lower field strengths which could significantly affect the channel quality. . This investigation is
essential to reduce the rapid fluctuations in field strength of the WiMAX.
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1. INTRODUCTION

Worldwide Interoperability for Microwave-Access (WiMAX) has emerged as wireless access
technology which is capable of providing fixed and mobile broadband connectivity. The
evolution of broadband internet access can become a reality through the novel broadband
technologies such as WiMAX (Worldwide  Interoperability For Microwave Access ) [1] . Fixed
WiMAX services are beneficial to the development of broadband used by consumers and small
businesses while mobile WiMAX may be used for mobile services being provisioned by existing
fixed-line carriers that do not own a 3G spectrum to provide Voice-over-IP (VoIP) or mobile
entertainment services [2]. In order to provide guaranteed Quality of Services (QoS) with high
data rate, Radio Network Planning (RNP) is required. Fixed WiMAX is targeted for fixed and
nomadic broadband services while mobile WiMAX are designed to provide high mobility
services. The fast evolution of wireless communications has led to the use of higher frequency
bands, smaller cell sizes, and efficient antenna systems, which ultimately makes the path loss and
propagation prediction issues more challenging. These data rates can be further increased by
employing various diversity techniques.
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In the WiMAX technology, the frequency spectrum is allocating either 2.3 or 3.5 GHz band
depending on availability. In India, WiMAX is operating at 2.3 GHz frequency band which tends
to provide an access to operate the wireless devices at very higher data rates compared to
conventional devices, in a large coverage area [1,3].  Prasad et. al. [4] reported that the AWAS
Electromagnetic Code did not require any building information and was able to compete with
other empirical methods. An attempt has been made to realize the objective by analysing the
experimental data for different environments to provide an optimum approach and guidelines for
the cell planning of WiMAX transmissions in the Indian urban & sub urban zones. The
experimental data utilized in this study corresponds to 2.3 GHz WiMAX radio measurements in
dense urban environments, carried out in Western India. AWAS Numerical Electromagnetic
code, which is based on Sommerfeld’s approach for ground, is used to compute the near field
signal strength of propagation link. It is also used to estimate the significant changes in field
strength with the variation in height of the transmitting antenna of WiMAX.

In Section II, the details of AWAS Electromagnetic code and Environmental details are
provided. In section III, we have analysed AWAS Electromagnetic code with Existing Prediction
Methods. Conclusions are presented in Section IV.

2. EXPERIMENTAL DETAILS

2.1. The AWAS Numerical Electromagnetic Code

AWAS Numerical Electromagnetic Code [5] is a computer program which evaluates the current
distribution of a conductor by simulating the polynomial coefficients. This program is based on a
two potential equations which is solved numerically by the method of moments with the
polynomial approximation for the current distribution. The influence of the ground is taken into
account using Sommerfield’s approach, with numerical integration algorithm developed for this
program. It was utilized to compute the path-loss values for different values of dielectric constant
and a conductivity of 2 x 10-4 over real ground. This computer program is capable of analyzing
wire antennas operating in transmitting and receiving modes. Different values of dielectric
constant for dense urban, urban, and suburban regions were incorporated into the computation of
the A WAS simulation. Reference [6] gave relative dielectric constants for various types of
ground and environments. It gave values of 3 to 5 for city industrial areas. Hence, a value of 4
was used in the A WAS simulation. In the AWAS simulation, the computation of the electric
field was carried out by taking a vertical dipole located over an imperfect ground plane, whereas
in the measurements, a high transmitting- gain antenna was employed.

2.2. Environmental Details

The experimental sites AAC, AHT, BTW, KTB, GRJ, JVD,and OLK [7] are situated in the dense
urban area of Mumbai, India, except AAC, JVD, and OLK, which are located in an urban area
[Fig. 1(a) and (b)]. The clutter environments of these sites are shown in different colors in the Fig.
1(a) and (b). Since AAC [Fig. 1(a)] and OLK [Fig. 1(b)] are surrounded by skyscraper buildings,
they represent a typical dense urban environment. AHT [Fig. 1(a)] shows the presence of
skyscrapers at north, east, and west sides, while the remaining other areas BTW and GRJ are fully
surrounded by dense environment. They are surrounded by industrial environments [7]. The
parameters of these base stations are shown in Table I and Table II.
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Fig. 1. Clutter environment for experimental sites (a) AAC, AHT, KTB, BTW, and GRJ and (b) OLK and
JVD.

3. RESULTS AND DISCUSSION

Electric Field is an important factor in analysing the path loss and its effects in WiMAX. AWAS
Electromagnetic code is implemented to calculate the electric field density (V/m) and then further
sustained path loss of the Base Stations in this environment can be calculated. The Near Field
distribution of base stations is determined for near field distance (in Km) (Table I) for various
base stations and are substituted in AWAS Electromagnetic Code in order to estimate the Electric
Field Distribution.

Near Field distance is calculated by:

4 t rD
h h


= (1)

where D is the near field distance and ht, hr is the height of transmitting and receiving antennas
respectively. Fig. 1(a) and 1(b) shows the rapid fluctuations in near field at distance of 100 m to
200m and at 200m to 400m of GRJ Base Station. A Base Station like GRJ base station is
assumed, so the environmental parameters of both the base stations are considered same and
treated as a fully dense environment, whose height is considered as 20 meters. Fig 2(a) and 2(b)
are near field variations of this base station. By Comparing Fig 1(a), 1(b) and 2(a), 2(b), it was
observed that the Field intensity in the Figure 2(a) and 2(b) has less variations as consider to GRJ
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Base Station. As observed from figure 1(a) and 1(b), there is a rapid variations in Electric Field
Distribution and can be represented by Δ which is defined as :

 –max minE E

d
∆ = (2)

where d is the distance in a single division. Table III shows the variation in electric field which is
numerically decreasing with the distance. Basically there are various conventional methods are
used to predict the path loss and electric field distribution. But they are unable to predict the
variation due to increasing height of the Transmitting Antenna. The reason behind rapid variation
in Electric Field in Near Field zone is the atmospheric fluctuation and environmental obstruction.
The reduction in variations in Electric field intensity with reduction in height of Transmitting
Antenna can be explained as shown in Fig 3. Several repeaters with reduced transmitting antenna
height of Transmitting Stations can play a vital role in this situation to remove the rapid
fluctuations.

4. CONCLUSIONS

The near field distribution for WiMAX at 2300MHz is analyzed for dense urban region of
Western India using AWAS Numerical Electromagnetic Code. The advantage of AWAS
electromagnetic code is that it predicts the basic atmospheric variations in the field strength with
the environmental parameters of that region. It has been found that in near field zone, the signal
fluctuations are very high, and as the height of the transmitting antenna increases, the near field
distance will be larger and the signal remains stable in the far field. Hence, it is advisable to keep
the antenna closed to the ground and employee more repeater stations. Thus, the reduction in
transmitting antenna height will ultimately reduce the rapid variations in near field distribution
and is tends to produce efficient radiated signal. Moreover, AWAS numerical electromagnetic
code predicts all the variations of path loss irrespective of environment whether it is urban,
suburban or rural whereas statistical models do not capture the fundamental physics and it has
separate models for urban, suburban or rural environment.
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Fig 1(a) : Near Field Distribution of GRJ Base Station from 100m to 200m

Fig 1(b) : Near Field Variation of GRJ Base Station from 200m to 400m

Fig 2(a) : Near Field Distribution of Base Station Antenna of height 20 meters from 100m to 200m
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Fig 2(b): Near Field Distribution of Base Station Antenna of height 20 meters from 200m to 400m

TABLE I
Base Station details

Sr.
No.

Name of Base
Stations

Height of
Transmitting

Antenna

Near Field
Distance (in

Km)
1. Ajay-Amar (AAC) 37m 1.70
2. Arihant (AHT) 32m 1.47
3. Bootwala Bldg

(BTW)
46m 2.11

4. Khethan Bhabhan
(KTB)

31m 1.42

5. Giriraj (GRJ) 28m 1.28
6. Jeevan Dhara (JVD) 27m 1.24
7. Obelisk (OLK) 30m 1.38

TABLE III
Other details of experimental site

Sr.
No.

Other Details

1. Height of Receiving
Antenna

1.5m

2. Transmitted Power 43.8 dBm
3. Average Height of

Building
25m

4. Average Street Width 15m
5. Average Separation

Between Buildings
30m
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TABLE IIIII
Variation in the near field of GRJ base station at 2300 MHz operating frequency

Sr.

No.

Near field distance (meters) ∆(Variations in the Electric Field )

Ht = 28m Ht =25m Ht = 23m Ht = 20m

1. 100-110 2 1.5 1.2 0.8

2. 120-130 1.5 1.33 1.0 0.6

3. 150-160 1.1 0.98 0.55 0.3

4. 170-180 1.0 0.74 0.47 0.13

5. 200-220 0.8 0.5 0.4 0.1

6. 240-260 0.65 0.47 0.28 0.08

7. 300-320 0.58 0.25 0.08 0.03

8. 400-500 0.14 0.1 0.03 0.015

Fig 3 : Variations in Near Field Distribution with change in height of Base Station antenna
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