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ABSTRACT
Wireless technology is increasing rapidly, and the vision of pervasive wireless computing and
communications offers the promise of many societal and individual benefits. While consumer devices such
as cell phones, PDAs and laptops receive a lot of attention, the impact of wireless technology is much
broader, e.g., through sensor networks for safety applications and home automation, smart grid control,
medical wearable and embedded wireless devices, and entertainment systems. One of these wireless
technologies is the Worldwide Interoperability for Microwave Access (WiMAX) technology. The explosion
of wireless applications in some parts of the world has created an ever-increasing demand for more radio
spectrum. This is not the case in the West African Sub-Region, especially Ghana where the 2.6GHz and
3.5GHz broadband access bands offering 190MHz and 140MHz bandwidth is underutilized. In this paper,
we look at usage of deployed 4G-WiMAX network in Ghana and advocate the need for policy to promote
the usage of licensed bands opportunistically by wireless devices and/or networks for application in
security, smart grid control, e-learning, telemedicine, e-governance, home and factory automation.
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1. INTRODUCTION
The widespread nature of wireless computing and communications offers the promise of many
societal and individual benefits. Consumer devices such as cell phones, PDAs and laptops have
received a lot of attention over the years, even though the impact of wireless technology is much
broader, e.g., through sensor networks for safety applications and home automation, smart grid
control, medical wearable and embedded wireless devices, and entertainment systems. These
applications have been supported by the rapid developments in wireless technology and
standards. One of these wireless technologies is the Worldwide Interoperability for Microwave
Access (WiMAX) technology. The WiMAX technology with its growing interest in the West
African Sub-Region offers an immerse opportunity in terms of applications and advantages in
connecting the Sub-Region to the rest of the world. WiMAX with the promise of about 75Mbps
and the numerous opportunities in terms of coverage are yet to be explored for other applications
in security, smart grid control, e-learning, telemedicine, e-governance, and home and factory
automation. Ghana as pioneer in African Telecommunication has been in the forefront in the
deployment of 4G-WiMAX network across the country [1]. An accelerated deployment of
broadband personal communication coupled with the continuously increasing demand for large
data rates is supposed to reveal an increasing spectrum scarcity, but that is not the case in Ghana.
DOI : 10.5121/ijmnct.2014.4403
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In this paper, we show that despite wide coverage provided by the 4G-WiMAX network deployed
in Ghana, the spectrum is underutilized after weeks of monitoring traffic generated from various
departments/institutions.

2. COGNITIVE RADIO
Most easily usable spectrum bands have been allocated, although many studies have shown that
these bands are significantly underutilized. These considerations have motivated the search for
breakthrough radio technologies that can scale to meet future demands both in terms of spectrum
efficiency and application performance [2] [3].
Cognitive radios offer the promise of being a disturbing technological innovation that will enable
the future wireless world take advantage of underutilized spectrum available to licensed user.
Cognitive radios are fully programmable wireless devices that can sense their environment and
dynamically adapt their transmission waveform, channel access method, spectrum use, and
networking protocols as needed for good network and application performance. Cognitive radios
offer a wireless device (Secondary User (SU)) the opportunistic use of available licensed band
without disrupting the functionalities of the Primary User (PU) of the band. The Primary User
(PU) is the licensed user of the band, which the Secondary User (SU) is using, based on the
absence of the PU in the band or available whitespaces in the band.

3. WIMAX NETWORK IN GHANA
The National Information Technology Agency (NITA) established by an Act of parliament is the
main agency mandated in Ghana to spearhead the development, promotion and enforcement of
ICT standards for the interoperability of ICT infrastructures in the country [4]. As part of its core
mandate, NITA also seeks to manage shared security infrastructure, networks, servers and
services. To execute its goals, NITA developed a nationwide network model as shown in figure 1
based on WiMAX technology across the country to provide wide and remote access to broadband
solutions which will be available to government agencies across the country. NITA also proposes
to extend the network further to enable much more wide coverage. With the introduction of
WiMAX technology, there are numerous advantages that public and private sector of Ghana’s
economy stands to gain. WiMAX promises a maximum channel capacity of 75Mbps [5], which is
able to support most bandwidth dependent broadband application such as HD video streaming
and video conferencing.

Fig. 1: Proposed WiMAX sites across Ghana.

In an effort to promote effective nationwide deployment of the propose network model, NITA
carried out pilot deployment in two major cities (Accra and Tema) in the country. Figure 2 and
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figure 3 shows the pilot WiMAX network in Accra and Tema with optimally placed locations for
the sites. Sites 1 through to site 9 for Accra and sites 1 and sites 2 for Tema are depicted by the
three sector antenna points in figure 2. The coverage simulation for Accra in figure 3 shows the
various signal strength across the network. Distribution of customer premise equipment in the
network is also depicted in figure 2.

Fig. 2: Site location and Distribution of Customer Premise equipment in the network.

Fig. 3: 4T4R Coverage Simulation Deployed WiMAX sites [1].

The coverage simulation in figure 3 is based on the configuration of four (4) transmitters and four
(4) receivers (4T4R configuration). The signal strength varies from very strong (-40dB) close to
the Base Station (BS) through to very low (-100dB) further away from the BS and no coverage.

4. ALLOCATED SPECTRUM FOR WiMAX IN GHANA
WiMAX has frequencies allocated in the 2.6GHz and 3.5 GHz bands in Ghana. The 2.6 GHz
band is earmarked for mobile broadband globally. Spectrum in the 2500 – 2690 MHz range is
highly prized, supporting high quality advanced mobile broadband services. In addition, there is a
large pool of 190 MHz of spectrum that is potentially available for the provision of mobile
services and smart devices, which varies by nation. Both paired and unpaired duplex plans are
possible within the 2.6 GHz band, supporting either frequency division duplex (FDD) operation
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suited to Long Term Evolution (LTE), or time division duplex (TDD) implementations targeted
by WIMAX operators [6].

5.OPPORTUNISTIC
USE
OF
COMMUNICATION CHANNEL

BROADBAND

WIMAX

Licensed communication channels can be used opportunistically by wireless device (secondary
user) as and when primary users are absent in the band as shown in figure 4, [2] [3] [7]. Another
way will be by taking advantage of whitespaces in the bandwidth of the PU (as shown in figure 5)
for communication purposes. The concept of cognitive radio explores the possibility of
unlicensed users taking advantage of available bandwidth to transmit or receive data without
disrupting or inhibiting the proper functioning of the primary user.

Fig. 4: Spectrum Utilization [3].

Fig. 5: Whitespaces with a frequency spectrum [8].

Radio frequency is a valuable and finite resource, and today it is difficult to meet demand. The
need for spectrum is being driven by the convenience and high use of mobile communications
and the need for increased penetration combined with improved performance and the falling costs
of wireless devices and services. Existing and new mobile broadband networks deliver a highly
compelling user experience by allowing multimedia applications anywhere and are quickly
consuming current spectrum allocations. Even as this can be said of most developed countries
Ghana is still yet to make use of the available spectrum in the 2.6GHz and 3.5 GHz bands as
shown in table 1 [9].
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Table 1: Allocated Bandwidth in Ghana.

Bands

2.6GHz

3.5GHz

Allocated

30MHz

5MHz

Licensed
User

NITA
(30MHz)

Discoverytel
GH (5MHz)

Spectrum
Available

160MHz

135MHz

Coverage

Nationwide

Regional

6. UNDERUTILIZATION SPECTRUM
Apart from the unallocated bandwidth available for broadband communication in Ghana, there is
also the underutilization of the allocated bandwidth in both the 2.6GHz and 3.5GHz bands. Based
on the pilot deployment of WiMAX by NITA in Accra and Tema, some departments were
connected to the network. Network/Spectrum usage was monitored by the amount of traffic
generated by some of the departments connected to the network. Figures 6-11 show the traffic
generated by the various department connected to the network. The Network was monitored over
a period of eight (8) weeks in most cases departments and institutions on the Accra pilot network.

Fig. 6: Traffic generated from Electoral Commission
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Fig. 7: Traffic generated from GRA-Spintex

Fig. 8: Traffic generated from Korle-Bu

Fig. 9: Traffic generated from Police HQ
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Fig. 10: Traffic generated from Flagstaff House

Fig. 11: Traffic generated from Management Service Department CAGD

7. DISCUSSION OF RESULTS
From the coverage simulation of the sites in both Accra and Tema in figure 3 coupled with the
location and distribution of the customer premise equipment in the network in figure 2, we get the
idea that the network is widespread covering most part of the city. The three sector antenna
configuration has enhanced the coverage of the network with signal levels of 40dBm near the
base station and 100dBm further away from the base station. An average maximum inbound rate
of 159.861kbps is observed for the traffic generated from the departments/institutions monitored.
The average inbound rate observed in all the departments/institutions, compared to the maximum
channel capacity of 75Mbps (theoretical) is less than 1% and 1.59% compared to 10Mbps
(practical). Of all the networks monitored, a maximum inbound rate of 519.525kbps is recorded
from the traffic generated from the Flagstaff House which is also less than 1% compared to the
theoretical channel capacity of 75Mbps and 5.19% compared to 10Mbps (practical). It is evident
that the network performance can support most broadband application as promised by WiMAX,
but there is much to be desired from its utilization by most departments/institutions connected to
the network. There is the need for other applications to take advantage of the available network.
Application in security, smart grid control, e-learning, telemedicine, e-governance, and home and
factory automation can be supported by the immerse opportunity offered by the WiMAX.
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8. CONCLUSION
Radio frequency (spectrum) is a valuable and finite resource and therefore must be managed very
well for posterity. The unused spectrum can be made available by policy to be used
opportunistically by wireless devices as and when their primary communication channel is
unavailable or unreliable in the event of congestion. There is the need to formulate policy
framework to guide allocation and management of available spectrum to avoid underutilization.
With the spread of wireless devices and the widespread nature of the wireless technology, it is
evident that Ghana takes a look at wireless application in sensor network, smart grid, control
systems, e-learning, telemedicine, e-governance, and home automation to make good use of the
deployed WiMAX network across the country. In this paper we looked at the usage of the
deployed WiMAX network in Ghana and propose the need for policy to guide bandwidth
allocation to avoid waste and underutilization.
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