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Abstract 

wing to the need to stay at home as a 

result of the Corona Virus Disease 2019 

(COVID-19) lockdown, there has been an 

increase in data demand. Hence, there are calls 

for more spectrum allocations. In this research, 

we recommend a Dynamic Spectrum Access 

(DSA) regime, in which spectrum licensed to 

wireless operators 

could be rented 

among self to 

enhance 

communication. A 

spectrum occupancy 

measurement was 

done over the 880-

1880 MHz spectrum. 

The maximum 

occupancy was 

observed for GSM 900 

and GSM 1880 reverse 

links were less than 

50%. 

 

INTRODUCTION 

he outbreak of 2019 novel Coronavirus diseases (COVID-19) was 

first observed in Wuhan, China has spread quickly nationwide. 

Coronavirus disease 2019 (COVID-19) is an illness caused by a novel 

Coronavirus now called Severe Acute Respiratory Syndrome Coronavirus 
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2 (SARS-CoV-2; formerly called 2019-nCoV) that was first identified during 

an outbreak of respiratory illness cases in Wuhan City (30.59280 N, 

114.30550 E), Hubei Province, China.  It was initially reported to the World 

Health Organization (WHO) on December 31, 2019. On January 30, 2020, 

the WHO declared the SARS-CoV-2 outbreak a global health 

emergency. On February 11, 2020, the Coronavirus Study Group of the 

International Committee on Taxonomy of Viruses issued a statement 

announcing an official designation for the novel virus: severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2). On March 11, 2020, the 

WHO declared COVID-19 a global pandemic. Figure 1 shows an 

infographic timeline of COVID-19 (NCPERE 2020, Cennimo 2020, Ng et al. 

2020).  

 

 
Figure 1: Timeline of COVID-19  

 

To mitigate the spread of the Coronavirus, WHO (2020) have 

recommended some public health and social measures. These measures 

or actions by individuals, institutions, communities, local and national 

governments and international bodies to slow or stop the spread of 

COVID-19. These include individual and environmental measures, 

detecting and isolating cases, contact tracing and quarantine, hand 

washing, coughing etiquette, social and physical distancing measures 

including for mass gatherings, international travel measures, and 

vaccines and treatments, which are not yet available.  

Social and physical distancing measures aim to slow the spread of 

disease by stopping chains of transmission of COVID-19 and preventing 

new ones from appearing. These measures secure physical distance 

between people (of at least one metre), and reduce contact with 

contaminated surfaces while encouraging and sustaining virtual social 
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connection within families and communities. Measures for the general 

public include introducing flexible work arrangements such as 

teleworking, distance learning, reducing and avoiding crowding, closure 

of non-essential facilities and services, shielding and protection for 

vulnerable groups, local or national movement restrictions and staying-

at home measures, and coordinated reorganization of health care and 

social services networks to protect hospitals. 

The need for social and physical distancing will necessitate, the 

reorganization of work-sites to maximize spaces, in-between employees. 

This could be achieved by staggering shifts over time, or converting on-

site service to home delivery for very essential that must be opened. For 

others, there has been the need for teleworking or working from home 

and e-schooling or virtual learning to support business continuity and 

perpetuation of social connection within families and communities.  

Tele-working and virtual meetings and classes have become a common 

phenomenon, hence, Labovitz (2020) mentioned that humans are 

confronted with an unprecedented situation worldwide. Broadband 

connections are becoming lifelines both for business and individuals. 

These connections are being used to get news, connect to work 

environments, and for entertainment. More persons are shopping 

online, religious services are being conducted via videoconferencing 

platforms, live streaming of news and entertainment, and virtual 

learning.  

To justify how these lockdown and associated telecommunication based 

activities are putting a strain on telecommunication infrastructure, 

Labovitz (2020) conducted research where it was seen that there was a 

significant increase in popular messaging and social media applications 

on the first day of the study. The author further said that WhatsApp 

exhibited an increase of 117–217% during this first day, with apparent 

spikes in the morning hours on the first day of the school lockdown and 

a sixfold (or 500%) traffic increase on Sunday. Even with these spikes, the 

overall WhatsApp traffic (in Gbps) remained manageable in both cases – 

from the perspective of the total traffic volume in the network. 

However, in conclusion, the author indicated that there may be a need 

for even more investment in the networks (wireline, wireless, and 

converged) to make them better and readier for the future. The question 

https://www.nokia.com/blog/author/craig-labovitz/
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remains: how can the existing spectrum be more efficiently used to 

enhance wireless data communication and for improved users' 

experience during the lockdown. 

In this research rather than call for the freeing-up of more spectrum as 

some have done (Gilbert 2020, GSMA 2020), we call for more efficient 

utilization of existing spectrum, especially during the period of COVID-19 

Lockdown characterized by increased bandwidth demand, since several 

authors have pointed out the under-utilization of allocated spectrum 

resource (Jin et al. 2018, Lin et al. 2016, Ehiagwina et al. 2019). We will 

show that there are spectrum vacancies, which may that can be 

exploited by a secondary user for opportunistic wireless communication. 

Existing static spectrum allocation policy has been associated with 

inefficient usage of spectrum resource, hence, Dynamic Spectrum 

Access (DSA). Dynamic Spectrum Access has broad connotations that 

encompass various approaches to spectrum reform. The diverse ideas 

presented at the first IEEE Symposium on New Frontiers in Dynamic 

Spectrum Access Networks (DySPAN) suggest the extent of this term 

(Zhao & Sadler 2007).  

In DSA, spectrum band hitherto assigned to a licensed user called 

Primary User (PU) may be available for rent by unlicensed or Secondary 

Users (SU), while the PUs retains higher priority over the licensed 

spectrum than the SUs. In so doing, the PUs are protected and the 

available spectrum is used or reused in an opportunistic manner. The 

major technology enabling DSA techniques is cognitive radio technology. 

Figure 2 shows the cognitive radio concept, with spectrum holes 

representing available spectrum fragment that may be used by 

unlicensed users.   

 
Figure 2: Cognitive radio concept 
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Figure 3: Block diagram of a cognitive radio receiver (Cabric, 2007) 

 

A key aspect of the cognitive radio involves the intelligent exploitation 

of unused spectrum fragment for communication. According to Yucek & 

Arslan (2009): 

“one of the most important components of the cognitive radio concept 

is the ability to measure, sense, learn, and be aware of the parameters 

related to the radio channel characteristics, availability of spectrum and 

power, radio’s operating environment, user requirements and 

application, available networks (infrastructures) nodes, local policies and 

other operating restrictions.” 

According to Sun et al. (2013): “Cognitive radio is an advanced software-

defined radio that automatically detects its surrounding RF stimuli and 

intelligently adapts its operating parameters to network infrastructure 

while meeting user demands”. The functionality of cognitive radio is 

performed by the architecture shown in Figure 3.  

From the foregoing, the key differences between cognitive radios and 

conventional wireless radio system are in terms of cognitive capability 

and reconfigurability (Wang & Liu, 2011). Cognitive capability describes 

the capacity of the radio to sense and collect information such as signal 

frequency, bandwidth, modulation, and so on from the radio frequency 

environment. Enabled with this capability SUs can identify available 

spectrum. On the other hand, reconfigurability describes the capacity of 

the cognitive radio to quickly modify systems parameter using the 

collected information to realize optimal system performance. The 

motivation driving CR research includes maximizing throughput, 
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interoperability, interference mitigation, efficient spectrum utilization 

(Tragos et al., 2013).  

To realize cognitive functionality, cognitive radio will require what Mitola 

called the cognition cycle shown in Figure 4. In the cognition cycle, a 

radio receives information about its operating environment called the 

Outside world through sensing and signalling. The information collected 

is evaluated in what is called Orient to assess its importance. Using this 

valuation, the radio determines its alternatives in the stage called Plan 

and Decides an alternative in a manner that ideally should enhance the 

valuation. If a waveform adjustment is necessary, the radio then 

implements the alternative by Acting to adjusting its radio resources and 

performing the appropriate signalling. These changes are then reflected 

in the interference profile indicated by the cognitive radio in the Outside 

world. As part of this process, the radio uses these observations and 

decisions to improve the operation of the radio in what is called 

Learning, perhaps by creating new modelling states, generating new 

alternatives, or new valuations (Neel, 2006). 

 
Figure 4: Cognition cycle (Neel, 2006) 

 

In the remaining parts of this article, we describe the experimental setup 

for collecting spectrum data utilization data in the 885 - 1880 MHz 

spectrum fragment. Then we outline the results and finally, conclusions 

are drawn. 
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MATERIALS AND METHOD 

Measurement Location 

Spectrum field measurements in a residential location in Ijagbo, Oyun 

Local Government Area, Kwara State, Nigeria was carried out to 

determine spectrum occupancy of active mobile operators using 

Spectrum 885-1880 MHz. The coordinates of the location are 8.1773° N, 

4.7329° E. The map of the measurement location is shown in Figure 5. 

 

Spectrum Band 

Spectrum considered is 885 – 1880 MHz. This spectrum fragment is 

currently being used by GSM 900 downlink and uplink, and GSM 1800 

downlink and uplink.  

 
Figure 5: Location of spectrum use data collection 

 

Measurement Equipment Setup 

 The experimental setup will consist of energy detector, a field strength 

analyser (BK PRECISION 2640) with 100 kHz – 2.0GHz frequency range, 

Omnidirectional antenna, mobile phone-based GPS and a high capacity 

storage device embedded within the laptop. The GPS enables the 

determination of the coordinates of each location spectrum 

measurement. The specifications of the BK PRECISION 2640 field 

strength analyser are shown in Table 1. 

 

Table 1: Selected specifications of the BK PRECISION 2640 field strength 

analyser   

Parameter Value 

Frequency range 100 kHz to 2.0GHz  

Accuracy ±3 ppm/display: ±1.5 ppm 

Resolution 3.125 Hz 
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Resolution bandwidth Variable 

Input impedance 50 Ω 

Sweep time Min. 500 ms 

Source: BK PRECISION 

 
Figure 6: The measurement setup 

 

The measurement system is based on energy detection because of its 

simplicity. Additionally, it is preferable since much information is not 

previously known except the measurement power. 

 

Parameter Setting 

The selected frequency bin size is done automatically by the instrument. 

Furthermore, the ability of the system to measure weak signals at the 

trade-off of increased measurement time is improved when the 

resolution bandwidth (RBW) is narrowed. This is owing to the fact that a 

narrower RBW increases the ability of the system to resolve signal 

frequency and reduces the noise floor. A 12.5 kHz RBW was used. This is 

a good trade-off between the time required to measure indicated by the 

average spectrum analyser sweep time and detection capability 

reflected in the observed duty cycle, which is computed using Eqn. (1) 

          
100%

Signal occupation period
DutyCycle

Total observation period
= 

                   (1) 

Duty cycle is sensitive to the chosen decision threshold. Significantly low 

decision threshold results in overestimation, which is due to noise 

samples above the threshold. However, very high decision threshold 

leads to an underestimation of the actual occupancy rate of the 

spectrum owing to misdetection of faded primary transmissions. mi-dB 
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criteria will be used in setting the decision threshold. Here, the threshold 

is placed mi-dB above the average noise level determined by a matched 

load placed across the SA, depending on the band. The variable mi-dB 

criteria will be used since the noise variance ( )fX  and the maximum 

noise level may vary from one band to another depending on the 

measurement setup, and as such a constant m-dB threshold over the 

entire frequency range being measured is not appropriate. The decision 

threshold k  in dB is expressed in Eqn. (2). 

     ( ) ik mfX +=                                               (2) 

( )fX is the average noise level. We use observation of the average 

power spectral densities are shown in Figure 7 to determine the noise 

level at about -100 dBm.  

 

Data Collection 

The measurement will be done over a 24 hours period, which 

corresponds to 1440 minutes. A total of 229,887 data points was 

collected. 

 

RESULTS AND DISCUSSION 

From Figure 7, the noise level is selected to be about -100 dBm and the 

decision threshold was placed at -90 dBm, 10 dB above the noise. The 

value of the decision level ensured that no noise signal is permitted. 

 

 
Figure 7: Average power spectral densities 
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Figure 8: Temporal variations of duty cycles 

 

The average duty cycle was lowered by the large unoccupied bands such 

as 970 - 1200 MHz and 1220 - 1600 MHz. Also, we see a higher occupancy 

of the entire spectrum between 400-600 minutes, corresponding to 

around 0900 - 1200 hours of the day and 900-1100 minutes, 

corresponding to around 1800 - 2100 hours. 

From Figure 9, the most occupied segment in the measured spectrum 

880 - 1880 MHz include 885 - 960 MHz and 1780-1880 MHz belonging to 

GSM 900 and GSM 1800 reverse link. The forward link of GSM 1800 

corresponding to 1710 – 1785 MHz is not present in the location of 

measurement. 

 
Figure 9: Average duty cycle of the frequency points 
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CONCLUSION 

It has been shown that the current spectrum assigned to wireless 

network operators is not being used up to 50% even for busy GSM 900 

and GSM 1800 reverse links. We recommend a spectrum renting 

framework developed by key players in spectrum management 

comprising of a Spectrum Broker, Spectrum Licensee and Spectrum 

Researchers. This will result in the deployment of DSA based wireless 

systems in which when a subscriber of Operator A experiences 

congestion or low data speed, can be seamlessly permitted to use the 

vacant spectrum of Operator B. 
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