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Abstract-The study presented in this paper reveals the limitations of the current fixed radio spectrum allocation policy as a
major bottleneck for availability of radio spectrum for emerging wireless services, devices and applications as a result of its
contributions to current radio spectrum artificial scarcity and underutilization problems. In investigating these problems
scientifically, series of radio spectrum occupancy studies were carried out in developed nations of the world with little or none
in most under-developed nation like Nigeria. In order to ascertain the usage profile of radio spectrum in under-developed
nation like Nigeria, actual radio spectrum usage in three different locations in South-West Geo-political zone of Nigeria was
carried out. The study was conducted using Aaronia AG HF-6065 V4 spectrum analyzer. The results obtained like other
similar studies conducted in other parts of the world show that the usage of radio spectrum varies with time, space and
frequency. The results also show that the actual radio spectrum usages in the three locations for the frequency range of 80-2200
MHz vary from 0.08% to 64.4%. In addition, the paper enumerates various ways of converting the current wasting spectrum
holes to wealth as well as some economic advantages of dynamic spectrum access as a flexible radio access policy that can
replace the current fixed radio spectrum allocation policy without compromising the performance of the existing radio being
governed by the fixed spectrum allocation policy.
Keywords Spectrum holes, spectrum occupancy measurements, dynamic spectrum access, cognitive radio, spectrum trading.

1. Introduction
Over the past two decades, the exponential growth in
demand for radio or wireless communication services,
devices and applications has brought with it the need for a
change in the way radio spectrum is being regulated.
Currently, the radio spectrum regulatory bodies worldwide
are of the opinion that the rigid spectrum management policy
granting exclusive right to use licensed spectrum is still
efficient. However, observations have shown that the idea of
statically apportioning of radio spectrum into blocks and
allocated for specific purposes as well as licensed to specific
user or operator on either short or long term is long overdue
and inefficient. This is because majority of the available
radio spectral resources have already been licensed to users
indicating that there is little or no room to add any new

wireless services, devices and applications unless some of
the existing licenses are discontinued [1]. In addition,
according to Buddhikot and Ryan [2], current spectrum
management also has another serious operational problem as
several licensed bands are not efficiently utilized with
utilization varying dramatically over frequency, space and
time. Furthermore, it was discovered through actual spectral
occupancy measurements that vast portions of the licensed
radio spectrum are randomly or rarely used by the licensed
users [3-10]. For instance, a study conducted by the Federal
Communications Commission (FCC) reported by Popoola
and Van Olst [11], showed that usage of the licensed radio
spectrum varied from 15% to 85% in the United State of
America (USA).
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Also, as reported by [11], similar actual spectral
occupancy measurements showed that as little as 22% of
allocated spectrum is utilized in urban areas and less than 3%
is being utilized in rural areas buttressing the fact that usage
of radio spectrum varies with space. Similarly, as reported by
[11], observation from actual radio spectrum occupancy
measurements conducted in downtown Berkeley showed that
allocated frequency bands to licensed users are underutilized
especially in the 3-6 MHz, while some other frequency bands
are rarely occupied and the remaining frequency bands are
heavily occupied showing that radio spectrum usage also
vary with frequency. A typical result of these measurements
presented in [9] is shown in Fig.1. From these observations,
according to [11], the concept of spectrum holes was
introduced, which was defined in [10, 12] as bands of
frequencies assigned to primary users (PUs) also known as
licensed users but at a particular time and in specific
geographical location the bands are not being utilized by the
licensed users.

Fig. 1. Typical spectrum under-utilization profile [9]
Generally, according to Najashi and Feng [13], spectrum
occupancy measurements have been used to ascertain the
level of spectrum utilization by licensed users. The essence
of spectrum occupancy measurements is to prove the need
for deployment of another radio spectrum access technology
for both effective and efficient radio spectrum management.
However, out of the several spectrum occupancy
measurements conducted all over the world, it was
discovered that most were done in USA and Europe with few
in Asia and Africa [14]. For instance in South Africa, the
spectrum occupancy measurements carried out in the
Hatfield area of Pretoria for ultra-high frequency (UHF)
band, global system for mobile communications (GSM) 900
MHz and GSM 1800 MHz bands by [15] show variations in
usage of the three bands. The UHF band for instance has an
approximately occupancy of 20% while those of GSM 900
MHz and GSM 1800 MHz bands are at approximately 92%
and 40% respectively. Similar study carried out in Kampala,
Uganda capital recently using GSM900, GSM1800, the
universal mobile telecommunications system 2100
(UMTS2100) and long term evolution 2600 (LTE2600)
bands presented in [16] shows variations in those frequency

bands considered. The result of the study, gave an average
occupancy rates of 8.8% and 52.4% respectively for both the
uplink and downlink in GSM900 band. The corresponding
results for the uplink and downlink occupancy rates for
GSM1800 band obtained in [16] are 0.6% and 13.6%
respectively. Also, the obtained uplink and downlink
occupancy results in the study are 0.56% and 48.7%
respectively for the UMTS2100 band while the
corresponding results for the LTE2600 band are 0% and
0.6% respectively.
Similarly, in Nigeria, one of the studies on spectrum
occupancy measurements in searched literature was
conducted and published by [14]. The study presented in [14]
was conducted at Gwarinpa District in Abuja. The results
obtained by [14] showed that the variation of usage of
licensed spectrum in Abuja, the Nigeria Federal Capital
Territory, ranges from 17% to 26% at 700 – 2400 MHz
frequency bands considered. Furthermore, the results of
another recent study on spectrum occupancy measurements
[17], which were conducted in Abuja and Katsina both in
Nigeria show variations in spectrum usage in the two
locations with occupancies variations from 0.45% to 26%.
Thus, in order to ascertain the level of licensed spectrum
usage in other parts of the country, the study reported in this
paper was embarked upon. It was embarked upon to ascertain
whether or not dynamic spectrum access also known as
opportunistic spectrum access (OSA) can be proposed in
Nigeria as in other nations of the world. The study was
conducted in three state capitals (Ado-Ekiti, Akure and Ikeja)
in the South-West Geopolitical zone of Nigeria. The full
details on how the occupancy measurements were conducted
are presented in Section 3 of this paper.
The rest of the paper is organized as follows: In Section
2, a brief background on dynamic spectrum access (DSA)
and cognitive radio technology as an enabler of DSA is
presented. The details on the field measurements conducted
to evaluate the spectrum occupancy in the study areas are
presented in Section 3. The results obtained in Section 3
were analyzed and discussed in Section 4. The economic
advantages of DSA in converting spectrum holes to wealth
by the regulatory bodies and/or licensed users are also
presented in this section.
Section 5, which is the last
section, concludes the paper.
2. Brief on DSA and Cognitive Radio Technology
Dynamic spectrum access also known as OSA is defined
as a new spectrum sharing paradigm that allows unlicensed
or secondary user (SU) to access the idle or unused spectrum
otherwise called spectrum holes or white spaces in the
licensed spectrum band. It is a flexible radio spectrum access
policy to alleviate the current problems of spectrum scarcity
and spectrum underutilization in order to increase spectrum
utilization [18]. The concept of DSA is to find a means of
accessing the unused portion of already assigned licensed
spectrum without interfering with the transmission of the PU
as illustrated in Fig.2. The type of radio that enables SU to
operate in idle portion of the licensed spectrum in this
opportunistic manner is known as cognitive radio.
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The process of monitoring the available spectrum band
in order to detect the presence of unused spectrum is known
as spectrum sensing. Spectrum analysis on the other hand is a
means of estimating the characteristics of the detected
spectrum holes while spectrum decision is a means of
determining the data rates and the transmission mode as well
as the bandwidth of transmission with a view to choosing
appropriate spectrum band according to spectrum
characteristics and user requirements. As availability of
spectrum hole is essential for adoption of DSA, the method
employed to ascertain the availability of spectrum holes and
the level of radio spectrum usage in this study are presented
in the next section.
3. Methodology

Fig. 2. Spectrum hole concept [9]
Cognitive radio (CR) technology is the main technology
that enables already assigned spectrum to be used in a
dynamic manner. It is defined as a radio that can change its
transmitter parameters based on interaction with the
environment in which it operates [9]. The cognitive
capability of CR enables its real time interaction with its
environment to determine appropriate communications
parameters and adapt to the dynamic radio environment.
According to [9], the tasks required for CR to perform this
adaptive operation and ensuring interference free
communication with the PU of the spectrum is referred to as
the cognitive cycle. The three main steps in cognitive cycle
as shown in Fig.3 are spectrum sensing, spectrum analysis
and spectrum decision.
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channel. On the other hand, if the threshold metric is low it
will lead to over estimation of the channel under
consideration.
Thus in determining the decision threshold values for
each band at each location for this study, the average noise
level was first determined by connecting a 50  resistor to
the spectrum analyzer [16]. The decision threshold was set
by adding 3 dB to measured thermal noise. The decision
threshold obtained varies from one location to another as
well as the frequency band since the noise level varies with
locations and frequencies. The decision threshold values
employed are presented in Table 1. The threshold values
were used in determining the actual spectrum occupancy for
each frequency band by finding the ratio between the points
above the threshold to the total number of points during the
measurement period. The actual spectrum occupancy (SO) is
defined using the relation;

Fig. 4. Measurement set-up
The block diagram representation of the measurement
set-up is shown in Fig.5. The arrows in Fig.5 show the
direction of flow of signal in the set-up. The antenna receives
the signal, the meter quantifies it, and the values of the
quantified signals are stored in the laptop which also serves
as the display unit for the set-up.

SO 

(1)

N0
N

N 0 is the total number of points above the threshold
value and N is the total number of points during the
where

measurement period. The results obtained from the
measurements conducted are presented and discussed in the
next section.
Antenna

Meter

Laptop
4. Results and Discussions

Fig. 5. Block representation of the measurement set-up
In determining the availability of the spectrum hole in
any channel, energy detection method was employed, which
necessitate the determination of threshold value for each
frequency band considered in the three locations. This is
because when energy detection method is employed in radio
spectrum occupancy measurements, correct determination of
the decision threshold upon which a particular channel can
be either deemed free or busy is essential since there is no
prior-knowledge about the channel. Hence, according to
[16], correct setting of the threshold metric is important
because high value will lead to under estimation of the

Four actual spectral usage profiles for the three locations
for 80 – 150 MHz, 400 – 960 MHz, 900 – 1300 MHz and
1900 – 2200 MHz bands out of the eight frequency bands
considered are presented graphically in Figs.6-9. The Figures
show variations in the spectral usage in those frequency
bands in the three locations. Also, the results of the actual
spectral usage in the three locations show variations in the
spectral usage in time as the occupancy measurements in the
three locations were conducted on different days though the
same time and days of the week in the same month. The
overall results of the study show that the usage of the radio
spectrum in the study locations varies with time, location and
frequency.

Table 1. Decision threshold for each frequency band

Frequency band
(MHz)
80 – 150
150 – 400
400 - 960
700 - 1000
900 - 1300
1300- 1700
1700- 1900
1900- 2200

Band
Designation
A
B
C
D
E
F
G
H

Applications
Radio broadcasting band
Television and Land Mobile
Television broadcasting band
Trunk radio services and GSM band
GSM band
Rural Telecoms and GSM bands
GSM, Oil coy and Satellite broadcast
3G band

Threshold value (dBm)
Ado-Ekiti Akure
Ikeja
-65.73
-55.63 -54.58
-53.82
-72.25 -72.24
-69.32
-73.34 -79.12
-70.18
-72.46 -78.32
-73.11
-71.22 -75.55
-65.66
-93.43 -93.13
-80.27
-84.63 -86.99
-86.44
-86.26 -94.69
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(i)

(i)

(ii)
(ii)

(iii)
Fig. 6. Spectrum occupancy at 80-150 MHz for (i) AdoEkiti, (ii) Akure and (iii) Ikeja respectively

(iii)
Fig. 7. Spectrum occupancy at 400-960 MHz for (i)
Ado-Ekiti, (ii) Akure and (iii) Ikeja respectively
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(i)

(ii)

(iii)
Fig. 8. Spectrum occupancy at 900-1300 MHz for (i)
Ado-Ekiti, (ii) Akure and (iii) Ikeja respectively

(i)

(ii)

(ii)
Fig. 9. Spectrum occupancy at 1900-2200 MHz for (i)
Ado-Ekiti, (ii) Akure and (iii) Ikeja respectively
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Ado-Ekiti

Akure

licensed owner of the spectrum via spectrum trading [19],
which according to [21] is the act of selling and buying radio
spectrum in a cognitive radio environment. This economic
advantage is feasible under DSA because the flexibility
involved permits dynamic spectrum market where PUs or
licensed owners lease out their spectrum holes or unused
channels to generate revenue whenever their channels are not
used. Thus the capability of DSA in converting the unused
channel that is currently a waste under the current rigid radio
spectrum management to wealth for the PUs or licensed
owners is a major economic benefit.
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Fig. 10. Overall radio spectrum occupancy for each band
Fig.10 shows the overall radio spectral occupancy for
each band using the band designation used in Table 1. The
logarithm scale of the actual occupancy rate obtained was
plotted against the frequency band. The logarithm scale was
used on the vertical axis in Fig.10 in order to normalise the
occupancy rate. The results show variation in the usage of
each frequency band with location. The results also show that
while a particular frequency was being heavily utilized in a
particular location the same frequency was being sparingly
utilized in another location. For example, the 80 – 150 MHz
frequency band has utilization level of 12.41% in Ado-Ekiti
while the corresponding values for the frequency band in
Akure and Lagos are 16.3% and 0.14% respectively. This
shows that Band A is sparingly utilised in Ikeja while the
band has medium utilization in Akure and Ado-Ekiti. On the
other hand, the overall result as shown in Fig.10 shows that
Bands D, E and H which are GSM bands are heavily utilized
in Ikeja while the bands are fairly utilised in Akure and
sparingly utilised in Ado-Ekiti. Generally, Fig.10 shows that
the overall spectrum occupancy in the three locations range
from 0.08% - 64.4%. This shows that there is availability of
spectrum holes that can be converted from waste to wealth if
DSA is deployed in the country’s radio spectrum
management. Recently, according to [20], the radio spectrum
regulators in the United States and the United Kingdom have
given conditional endorsement to DSA mode of spectrum
access based on its economic advantages. This implies that
adoption of DSA in radio spectrum management policy in
underdeveloped nation like Nigeria and generally all over the
world has some economic advantages.
One of the economic benefits of DSA is that it enables
secondary users of the radio spectrum to utilize the spectrum
holes in an opportunistic manner. It thus enhances the
efficiency of spectrum usage as well as helping in eradicating
the current problem of radio spectrum scarcity and
underutilization. Also, the deployment of the DSA
technology will enhance the availability of spectral resources
for future emerging wireless services, devices and
applications [19]. Apart from the fact that DSA can enhance
spectral utilization efficiency, another economic advantage
of DSA is that it also provides extra revenue for the PU or

In addition, another economic advantage of DSA is that
it enhances cost effective access. This enables secondary
users to use free and leased spectrum as well as usage of
existing radio towers and other infrastructures. According to
[19], this act enables smaller scale and lower entry costs
become feasible to drive down the service prices. These
lower entry costs according to Reference [19] brings about
increase in the introduction of new wireless products and
services in the marketplace. This cost effective access
provides by DSA does not only improve broadband
communication system but also promote job opportunity as
well as contributing to the nation’s economy. Similarly,
according to [22], another economic advantage of DSA is
that its cost effective access methodology increases faster
entry and exist in the market place as well as driving down
wireless service prices. This also enhances job creation and
socio-economic advancement of the nation.
5. Conclusion
Obviously, radio spectrum is a major enabler of wireless
communication systems. As a result of its indispensability in
wireless communication systems, radio spectrum is being
regulated by both the international and national bodies
worldwide. However, recent observations have shown that
radio spectrum is not effectively and efficiently utilized by
licensed owners under the current fixed radio spectrum
allocation policy. Specifically, the overall spectrum
occupancy or utilization efficiency obtained in this study that
ranges from 0.08% to 64.4% shows that the current fixed
radio spectrum management policy is far overdue and needs
to be replaced with flexible management policy that will
improve the utilization of radio spectrum. With the rapid
progress in DSA technology and economic advantages of
DSA, this paper is recommending the replacement of the
current fixed spectrum allocation policy with DSA so that the
current radio spectrum wastage can be converted to wealth.
Another significant contribution of this study is that it
shows the practical relationship of spectrum occupancy with
locations. Unlike most similar studies in surveyed literature
that consider one or two location(s) with few frequency
bands, the study presented in this paper was conducted in
three different locations using eight different frequency
bands. The results of the study show that spectrum
occupancy varies from one location to another. Finally, as a
way of concluding this paper, it is obvious that the
replacement of the current fixed or rigid radio spectrum
management policy with DSA will not only convert the
current radio spectrum wastage to wealth and enhancing
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radio spectrum management and its utilization, but will also
not compromise the performance of the existing radio being
governed by the fixed spectrum allocation policy.
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