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ABSTRACT
WiMAX is a popular broadband solution with diverse applica-
tions. With several advantages such as low cost applications and
last mile solution for broadband wireless access, WiMAX will no
doubt help bridge the ever increasing digital divide in many Sub-
Saharan African countries. Many countries Sub of the Sahara have
recently started deploying WiMAX to offer subscribers affordable
broadband internet service. Because of the peculiar conditions in
Sub- Sahara Africa, critical design and optimization techniques will
be vital in making WiMAX networks deliver as expected by sub-
scribers. In order to achieve maximum capacity while maintaining
an acceptable grade of service and higher network performance of
these newly deployed networks, the effect of interference should
be catered for. This paper presents Network simulations results of a
newly deployed 4G-WiMAX network deployed in Accra and Tema
municipality, Ghana. A Monte Carlo simulation has been used to
study the total interference in the network and the results presented.
Finally the Network performance is evaluated through measure-
ments of Received Total Wideband Power (RTWP) and outdoor
interference and the results compared.
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1. INTRODUCTION
Broadband internet access helps to build, a people-centered, in-
clusive and development-oriented Information and knowledge
Society, where everyone can create, access, utilize and share
information and knowledge; enabling individuals, communities
and peoples to achieve their full potential in promoting sustain-
able development and improving their quality of life [1]. Broad-
band internet is quite expensive in Africa and as such there is a
need to find an affordable technology which will provide a plat-
form for the least privileged to have access to broadband internet
access even at a distance of many kilometers from his home [2].

Presently, the demand of worldwide interoperability for mi-
crowave access (WiMAX) are increasing numerously worldwide
for commercial communication because WiMAX provides high
speed connectivity and easy access to networks and long oper-
ating range with high data rates [3] and as such, WiMAX offers
a realistic opportunity for subscribers in Sub- Sahara Africa to
have access to cheap and a seemingly faultless broadband inter-
net access.
This increase in demand and explosive growth in data traffic has
put much pressure on network operators [4]. It therefore im-
plies that, the design and optimization of WiMAX networks will
play a vital role in delivering high quality services at affordable
prices. The design and optimization techniques of WiMAX net-
works significantly differ from the techniques used for planning
other networks. It has been established in literature that coverage
or capacity of radio communication systems cannot be planned
individually because of the interference limited nature of the air-
interface [5].
Estimation of interference is an important step in determining the
coverage or capacity of a cell. The amount of interference seen
at each receiver location is highly dependent on transmit power,
which in turn depend on the closed loop power control in up-
link and downlink [6]. It is possible to estimate the interference
of a cell fairly accurately using static simulation when the loca-
tion information of transmitters and receivers are available. Even
though stochastic models using statistical distribution of transmit
powers and interferences cannot take into account all the unique
characteristics of the WiMAX network simultaneously, they are
useful in estimating performance figures during radio network
planning for WiMAX systems.

2. INTERFERENCE SCENARIOS
WiMAX systems are designed to maximize coverage and as such
Base stations are optimally placed to augment coverage prob-
lems. The network under study covers 55 sq km in the central
parts of Accra and Tema. There are 11 Base stations (BS) and
about 535 customer premise equipments (CPE) in the network
as shown in Figure 1. The Base stations are located throughout
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the Network area to prevent coverage holes caused by shadowing
of the radio signal due to buildings, foliage, etc

Fig. 1. Distribution of CPE in the Deployed Network

The network in Figure 1 is a newly deployed network in a dense
urban Sub-Saharan African environment and as such there are
bound to be interference in the system. Possible interference sce-
narios that are bound to occur in the deployed network have been
shown in Figure 2 and Table 1.
The interference Scenarios that are bound to be encountered in
the network scenarios depend upon the characteristics of Base
Stations (BS) and Mobile Stations (MS). In scenario 1, the effect
of interference between interferer system and victim system is
related with their respective locations. In the second scenario,
when the MS in downlink is very close to the MS of interferer
system in uplink, the MS of interferer system in uplink interferes
with the MS of victim system.

Table 1. Possible interference scenarios in the Network
Scenario Interference Path Direction

1 Base station to Mobile Station Downlink to Downlink
2 Mobile Station to Mobile Station Uplink to Downlink
3 Mobile Station to Base station Uplink to Uplink
4 Base station to Base station Downlink to Uplink

Fig. 2. Possible interference scenarios in the Network

Because the transmitter power of the MS is smaller than that of
the BS and the relative mobility of the MS can contribute to a
transient nature to the interference, other studies have concluded
that this interference level is negligible when considered across
a network [7]. The worst case in these two scenarios occurs with
a low probability [8].
The fourth scenario shown in Figure 3 is the most severe. The
reason is that Base stations in the network have been located at
high positions for maximum coverage, leading to a high proba-
bility that the propagation loss between BS of victim system and
BS of interferer system is low [8] [9]. In order to fully under-
stand the impact of interference on the deployed network, this
paper uses Monte Carlo simulation to describe the total interfer-
ence scenario 4 poses to the network.

Fig. 3. Multiple Base Station to Base Station interferers

3. COVERAGE PREDICTION
The coverage prediction for the deployed network simulation is
based on a realistic distribution of BS and CPEs in the network
as shown in Figure 1 and the network parameters in Table 2.

Table 2. Simulation parameters
Resource frequency 2.5-2.53GHz
Channel Bandwidth 10MHz
Fast Fourier Transform (FFT) Size 1024
Subcarrier spacing 10.93 kHz
Useful symbol time 91.4µs
Guard time 11.4µs
OFDMA symbol time 102.8µs
Modulation QPSK, 16-QAM, 64-QAM
Antenna frequency Range 2.3-2.7GHz
VSWR ≤1.5
Input Impedance 50Ω
Gain 18dBi
Horizontal Beamwidth (3dB) 60°
Vertical Beamwidth (3dB) 7°
Electrical downtilt 2°
Maximum power 250W
Antenna height 38m

The Received Signal strength indicator (RSSI) simulation results
for the network have been summarized in Table 3.

Table 3. RSSI values for CPE
Antenna
config.

SS type DL
traffic
CINR
(dB)

DL traf-
fic RSSI
(dBm)

Cell
Radius
(Km)

Site-Site
Distance
(Km)

2T2R USB 3 -87 0.44 0.7
Indoor 3 -91 0.75 1.1

Outdoor CPE 3 -92 2.99 4.5
4T4R USB 3 -87 0.54 0.8

Indoor CPE 3 -91 0.91 1.4
Outdoor CPE 3 -92 3.61 5.4

Based on the RSSI simulation results and the distribution of CPE
in the network in Table 3 and Figure 1 respectively, a 4 Transmit
4 Receive antenna configuration which gives better RSSI values
over 2 Transmit 2 Receive configuration was used in the final
coverage simulation using Genex-Unet to give the final coverage
plan as shown in Figure 4.
The 4T4R configuration gives a 3 dB increase in down-
link/uplink coverage and higher throughput which reduces the
number of base station sites in certain areas and lower total cost
of ownership. Since 4T4R configuration simulation results in Ta-
ble 3 gives an enhanced coverage capabilities and capacity, 11
base stations with a 32 sector antenna configuration will give
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Fig. 4. Final coverage plan using 4T4R antenna configuration

coverage to the entire Accra and Tema Network with simulated
RSSI of -92dBm as shown in Figure 4.

4. INTERFERENCE SIMULATION
The interference simulation was based on a Monte Carlo simu-
lation approach. A total of 5000 draws have been made for cal-
culating the total interference. The inter-site distances from the
deployed WiMAX network in the Accra and Tema municipality
is summarized in Table 4he mean power from the Base stations
with their respective standard deviation used for the simulation
is given in Table 5.

Table 4. The inter-site distances of BS in the
deployed WiMAX network

Site A Site B Inter- site distances (km)
Accra site 1 Accra site 2 1.938
Accra site 1 Accra site 3 1.072
Accra site 1 Accra site 4 2.423
Accra site 4 Accra site 5 1.563
Accra site 5 Accra site 6 6.2
Accra site 5 Accra site 8 7.542
Accra site 5 Accra site 7 8.59
Accra site 7 Accra site 9 5.342
Accra site 6 Accra site 7 5.734
Tema site1 Tema site 2 4.494
Tema site 1 Accra site 8 23.33

Table 5. Mean power and Standard Deviation
Signal Simulated Mean

power (dBm)
Standard Devia-
tion

Wanted signal -80 8
Interfering Base Station 1 -82 7
Interfering Base Station 2 -89 6
Interfering Base Station 3 -87 8
Interfering Base Station 4 -90 10
Interfering Base Station 5 -92 7

From the Final coverage plan in Figure 4, if there is bound to
be any interference from neighboring BS, it is most likely to be
high around Accra sites 1, 2, 3, 4, 5, 8 and Tema sites 1 and 2
because of their shorter inter- site distances. The BS to BS in-
terference scenario which has been simulated models the wanted
signal from one base stations and five interfering BS arriving at
the victim?s receiver.

Itot = 10 log(i1 + i2 + i3 + . . .+ in) (1)

Where,
I(tot)= Total interference
i1 = first interfering Base Station
in = the nth interfering Base Station

A simple Monte Carlo simulation where randomly drawn values
for actual signal and interfering signals from their corresponding
Gaussian distributions and. Equation 1 was used to estimate the
total interference to the victim Base station’s receiver and the
results shown in Figures 5 and 6.

Fig. 5. Simulated and theoretical CDF of CIR

Fig. 6. Effect of interfering signals on the wanted Signal

From the results in Figure 7,the simulated mean CIR was -
3.3195dB with a standard deviation of 6.9622. The mean sim-
ulated total interference from the 5 Base Stations (Itot) to the
victim?s receiver was -76.5364dBm with a standard deviation of
4.73.
This value is very significant and can cause degradation to the
link quality affecting the overall network performance and as
such, network Optimization schemes are needed to help mini-
mize the effect of interference

5. FIELD MEASUREMENT
In order to achieve the objectives of planning to provide cover-
age as required and predicted during the simulation stage and
reducing channel interference levels as predicted for maintain-
ing good quality of service in the network, it was relevant to
carry out field measurement to relate the simulation results to
practical scenarios. Real world measurement was carried out to
determine the interference on the Base Stations at four selected
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Fig. 7. Simulated total interference at Victim?s receiver

sites, i.e., Accra sites 1, 4 and 8 and Tema site 1. The Received
Total Wideband Power (RTWP) for the various sector antennas
were measured with the IM2000 manager. The measurement set
up is shown in Figure 8.

Fig. 8. RTWP measurement setup

The measured RTWP values at these four sites were very high
and have been presented in Table 6 and Figures 9, 10, 11 and 12.
Initially, the unacceptable high average values of -86dBm, -
84dBm, -80dBm and -52dBm measured in Accra sites 1, 4, 8
and Tema site 1 respectively which degraded network perfor-
mance were attributed to equipment failures and wrong antenna
configurations and as such it was necessary to carry out outdoor

Fig. 9. RTWP measurements for Accra site 8

Fig. 10. RTWP measurements for Accra site 4

Fig. 11. RTWP measurements for Accra site 1

Fig. 12. RTWP measurements for Tema site 1

Table 6. RTWP measurement Results
Site Sector Min Mea-

sured
RTWP(dBm)

Max Mea-
sured RTWP
(dBm)

Average
RTWP
(dBm)

Accra site 1 Sector 1 -93 -83 -86
Sector 2 -93 -82 -86
Sector 3 -90 -85 -85

Accra site 4 Sector 1 -96 -74 -83
Sector 2 -95 -76 -85
Sector 3 -96 -76 -84

Accra site 8 Sector 1 -90 -75 -82
Sector 2 -89 -76 -80
Sector 3 -90 -76 -79

Tema Site 1 Sector 1 -55 -50 -52
Sector 2 -53 -50 -52
Sector 3 -52 -50 -52
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measurement to determine the source of the Radio Frequency
Interference (RFI).

Outdoor interference Outdoor interference
Measurement for Accra site 4 Measurement for Tema site 1

Fig. 13.

Interference measurements were carried out at two sites, i.e.
Accra site 4 and Tema site 1 and measurements through the
WiMAX antenna showed -86dBm and -60 dBm respectively, as
shown in Figure 13. This confirmed to large extent the presence
of external RFI to the antenna systems.

5.1 Discussion Of Results
The exceptionally high levels of RTWP measurements for the
selected BS as presented in Table 6 and Figure 13 cannot be
explained by regular interference caused by MS since this 4G-
WiMAX is a newly deployed network with very low traffic. This
interference can be fairly attributed to the simulated mean inter-
ference value of -76.5199dBm from nearby BS and other RFI
sources.
Spectrum analyzer measurements as shown in Figure 13 did
show external interference sources. From the RTWP measure-
ments that were carried out in the network, approximately 36%
of cell sites were suffering from constant high RTWP levels and
this affects overall network performance.
This problem could be solved by installing filter but in order to
minimize the cost involved in installing new filters, it is recom-
mended to deploy Femto and Pico-cells in buildings in order to
reduce the overall transmit powers of the BS and improve overall
signal quality.

5.2 Conclusion
In this paper, the results of an iteration-based simulation ap-
proach for the study of multiple interfering base stations in a
deployed 4G-WiMAX in a typical Sub-Saharan African condi-
tions have been presented. Monte Carlo simulations based on the
multiple interfering signals from neighboring BS in the WiMAX

network based in the city centers of Accra and Tema has been
used to evaluate the total interference on a BS. Field trial mea-
surement results at four selected sites which were most affected
by interference have been presented.
The effects of bandwidth isolations have not been considered in
this paper and will be looked at subsequently. The deployment
of Femto and Pico cells are currently under way and as such
there isn?t enough data available to show the improvement in
the system. When more data are available, the interference and
transmission characteristics and the effects these smaller cells
with lower transmit powers, have on the overall WiMAX system
performance will be properly discussed.
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