
  
Abstract—The spectrum scarcity is one of the major 

problems of wireless communication systems, and studies have 
shown that the static allocated licensed bands are under-utilized. 
Recently, the Cognitive Radio has emerged as a promising 
solution to diminish the spectrum scarcity, in which, an 
unlicensed user can utilize the licensed spectrum until its 
transmission does not interfere with the transmission of the 
licensed user. In this paper, the spectrum occupancy of all the 
GSM service providers of Pakistan is measured using the 
spectrum analyzer. The measurements of spectrum analyzer 
are in power spectral density versus frequency plots. 
Measurements result show that the GSM 900 band is clearly 
under-utilized, so a Cognitive Radio Network can be a potential 
solution to be employed in the cellular networks of Pakistan to 
diminish the spectrum scarcity and to optimize the spectrum 
utilization. 

 
Index Terms—Cognitive radio, spectrum occupancy, 

spectrum analyzer, cellular networks. 
 

I. INTRODUCTION 
The spectrum scarcity has become an important issue in 

wireless communication systems due to expeditious increase 
in the wireless data traffic caused by the advent of smart 
phones, new value added services (VAS) and applications. 
The problem become worse in critical situations where 
wireless communication is used intensively, such as after a 
terrorist attack or in some massive emergency. At the same 
time, spectrum measurements of [1]-[4] have shown that the 
chunks of the static allocated spectrum are unused or 
under-utilized. Furthermore, the studies conducted by the 
Federal Communications Commission (FCC) show that the 
spectrum utilization varies from 15% -85% in the 0-6 GHz 
band, thus resulting in spectrum wastage [5]. This spectrum 
wastage has forced the FCC to regularize the Cognitive 
Radio (CR), which was proposed by Mitola [6]. CR enables 
the optimistic use of under-utilized chunks of the spectrum 
by allowing (unlicensed) secondary users (SUs) to access the 
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licensed spectrum while not interfering with the 
transmissions of the (licensed) primary users (PUs). 
Cognitive Radio Networks (CRN) is formed by 
interconnecting Cognitive Radios (CRs). A CR performs the 
spectrum sensing to scavenge the spectrum holes or white 
spaces and utilize these holes or spaces in an idealistic 
manner [7]-[14]. A spectrum hole or white space can be 
defined as a chunk of licensed spectrum band that can be 
utilized by SUs while not interfering with the PUs. Generally 
white spaces are divided into two categories: the temporal 
white spaces and the spatial white spaces. A temporal white 
space signifies that the spectrum band of interest is not 
utilized by the PU during the time of sensing; thus, this band 
can be utilized by CR users in the current time slot. A spatial 
white space exists when there is a primary transmission over 
the spectrum band of interest only in the restricted vicinity; 
thus, this band can be utilized by CR users well outside this 
vicinity [15]. 

The potential of CR to improve spectrum utilization is 
acknowledged in many countries and policies are being 
devised to access the fallow spectrum bands. However, it is 
imperative to comprehend the estimate of the spectrum 
occupancy accurately to exploit CRN commensurate to their 
potential and make the new policies successful. Spectrum 
survey or spectrum monitoring is the best tool to measure the 
spectrum occupancy and its usage pattern precisely. Several 
spectral surveys were conducted to survey different spectrum 
bands in different parts of the world [1]-[4], [16]-[20]. These 
spectral survey reports show the average power spectral 
density levels of received signals and utilized bandwidth over 
time in different spectrum bands. 

 

 
Fig. 1. Spectrum occupancy measurement setup. 

 
In this paper, the spectrum occupancy measurement of all 

the GSM cellular operators of Pakistan is performed. The 
measurements are taken at Telecommunication Department 
(TD) of Mehran University of Engineering and Technology 
(MUET), Jamshoro on different days during university time. 
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The results are presented in the form of power spectral 
density (PSD) for the each GSM cellular operator and its 
bandwidth utilization percentage. The measurements results 
are very useful for Pakistan Telecom Authority (PTA) to 
amend policies and encourage Pakistan GSM operators to 
deploy CRN to optimize spectrum utilization.   

The rest of the paper is organized as follows. The 
measurement setup and method are presented in Section II. 
The measurement results are presented in Section III. In the 
end, some conclusions are drawn in Section IV. 

 

II. MEASUREMENT SETUP AND METHOD 

A. Measurement Setup 
The spectrum occupancy measurements have been taken at 

different places in the TD including its roof top (2nd floor) 
using Rohde & Schwarz FSH6 handheld spectrum analyzer. 
The frequency range of the spectrum analyzer (SA) is 100 
kHz to 6 GHz. The spectrum occupancy measurement setup 
at one of the places is shown in Fig. 1, which depicts that a 
GSM 900 antenna is connected to SA via optical cable and 
SA is connected to a laptop via USB optical cable. The 
antenna specifications are given in Table I. The 
measurements have been taken for a weak during university 
time (08:00-15:00) on different times and each measurement 
has been taken for about 20 minutes. The Rohde & Schwarz 
FSH view and MATLAB software are used to record and plot 
the spectrum occupancy measurements respectively. 

 
TABLE I: ANTENNA SPECIFICATIONS 

Electrical specifications 

Antenna model AMXT-900-3 

Frequency (MHz) 824-960 

Bandwidth (MHz) 136 

Gain (dBi) 3 

VSWR ≤ 2 

Impedance 50 Ω  

Polarization Vertical 

Maximum input power (W) 50 

Input connector type SMA male 

Mechanical specification 

Radome Color Black 

Antenna height (mm) 210 

Antenna weight (g) 20 

Operating temperature (°c) -40 to 60 
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Fig. 2. Frequency allocation of the GSM 900 band in Pakistan. 

B. Cellular Operators of Pakistan 
There are five GSM cellular service providers in Pakistan; 

these are Mobilink, Ufone, Telenor, Warid and Zong. The 
frequency allocated in GSM 900 uplink and downlink bands 
to these operators is illustrated in Fig. 2 [21]. The SA settings 
for each GSM cellular service provider and GSM 900 band 
are shown in Table II. 

 

III. SPECTRUM OCCUPANCY RESULTS AND DISCUSSION 
The results of the spectrum measurements are illustrated in 

average power spectral density (APSD) versus frequency. 
The APSD is calculated by averaging all the recordings 
collected during a seven-day measurement campaign for each 
band. The spectrum occupancy or utilized bandwidth is 
calculated by selecting a threshold level (a solid black line 
indicates threshold level in all figures) as shown in Fig. 3 - 
Fig. 13. A 3 dBm margin is used throughout this paper to 
select the threshold. The threshold is selected by adding 3 
dBm in the minimum received power value. The minimum 
received power value and the selected threshold value of each 
measured spectral bands are listed in Table III. If the 
measured APSD of a certain frequency is above this 
threshold level, then that frequency is counted as occupied. 
The spectrum occupancy in percentage can be given as 

100%TPSO
P

= ×                               (1) 

where PT is the number of frequency measurement points 
exceeding the selected threshold level and P is the total 
number of frequency measurement points in the measured 
spectrum band.  

A. Mobilink 
Mobilink launched its services in 1994 as the first GSM 

service provider in Pakistan. Recently, it has acquired 10 
MHz spectrum band for 3G services and has initiated 3G 
services in major cities of Pakistan. Mobilink has the largest 
market share in Pakistani market today, that is 28%, and its 
3G subscriber share will be the largest in the country [22].  

The spectrum measurement results of the Mobilink GSM 
900 uplink and downlink spectrum bands are illustrated in 
Fig. 3 and Fig. 4, respectively. The spectrum occupancies of 
Mobilink uplink and downlink spectrum bands are 72.4252% 
and 74.0864%, respectively. These results indicate that 
4.0651 MHz spectrum band is unused out of the total 15.2 
MHZ spectrum band of the Moblink GSM 900.  

B. Ufone 
Ufone commenced its GSM services in Pakistan on 

January 29, 2001. Currently, 5 MHz spectrum band for 3G 
services has been auctioned to Ufone. Ufone launched its 3G 
services commercially throughout the Pakistan on May 23, 
2014. The market share of Ufone is 18% among all the GSM 
service providers of Pakistan [23]. 

The spectrum measurement results of the Ufone GSM 900 
uplink and downlink spectrum bands are illustrated in Fig. 5 
and Fig. 6, respectively. The spectrum occupancies of Ufone 
uplink and downlink spectrum bands are 67.4419% and 
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78.0731%, respectively. These results indicate that 4.1408 
MHz spectrum band is unused out of the total 15.2 MHZ 
spectrum band of the Ufone GSM 900. 

 
TABLE II: THE SA SETTINGS FOR GSM SERVICE PROVIDERS AND GSM 900 

BAND IN PAKISTAN 

 
 
TABLE III: MINIMUM RECEIVED POWER VALUES AND THE SELECTED 

THRESHOLD VALUES OF EACH MEASURED SPECTRAL BAND 

 
 

 
Fig. 3.  Mobilink uplink spectrum occupancy measurements. 

 

C. Telenor 
Telenor started its GSM services in major cities of 

Pakistan on March 15, 2005. Recently, it has acquired 5 MHz 
3G spectrum band and has initiated its 3G services in major 
cities of Pakistan. Telenor has the second largest market 
share in Pakistani market today, which is 26% among all the 
GSM service providers of Pakistan [23]. 

The spectrum measurement results of the Telenor GSM 
900 uplink and downlink spectrum bands are illustrated in 

Fig.7 and Fig.8, respectively. The spectrum occupancies of 
Telenor uplink and downlink spectrum bands are 45.8472% 
and 45.1827%, respectively. These results indicate that 
5.2305 MHz spectrum band is unused out of the total 9.6 
MHZ spectrum band of the Telenor GSM 900. 

D. Warid 
Warid commenced its commercial GSM services in 

Pakistan on May 23, 2005. Warid is the only GSM operator 
that did not participate in the 3G spectrum auction that was 
held on April 23, 2014. Warid is intending to initiate 4G 
Long Term Evolution (LTE) services in Pakistan. Warid has 
been in talks with the Pakistan Telecommunication Authority 
(PTA), the telecom sector’s regulatory body, for launching 
LTE service on its existing technology neutral license. The 
market share of Warid is 9% among all the GSM service 
providers of Pakistan [23], [24]. 

The spectrum measurement results of the Warid GSM 900 
uplink and downlink spectrum bands are illustrated in Fig.9 
and Fig. 10, respectively. The spectrum occupancies of 
Warid uplink and downlink spectrum bands are 37.5415% 
and 30.2326%, respectively. These results indicate that 
6.3468 MHz spectrum band is unused out of the total 9.6 
MHZ spectrum band of the Warid GSM 900.  

 

 
Fig. 4. Mobilink downlink spectrum occupancy measurements. 

 
Fig. 5. Ufone uplink spectrum occupancy measurements. 

 

 
Fig. 6. Ufone downlink spectrum occupancy measurements. 
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E. Zong 
Zong began operations as Paktel by Cable & Wireless in 

1991. It was the first company granted a free license to carry 
out cellular phone services in Pakistan. It carried out 
Advanced Mobile Phone System (AMPS) services until 
2004, when the company launched GSM services. Recently, 
it has acquired 10 MHz each of 3G and 4G spectrum bands 
and became the Pakistan’s first and only 4G cellular operator. 
It has the third largest market share in Pakistani market today, 
which is 19% among all the GSM service providers of 
Pakistan [23].  

The spectrum measurement results of the Zong GSM 900 
uplink and downlink spectrum bands are illustrated in Fig. 3 
and Fig. 4, respectively. The spectrum occupancies of Zong 
uplink and downlink spectrum bands are 68.7708% and 
61.4618%, respectively. These results indicate that 5.3023 
MHz spectrum band is unused out of the total 15.2 MHZ 
spectrum band of the Zong GSM 900. 
 

 
Fig. 7: - Telenor uplink spectrum occupancy measurements. 

 

 
Fig. 8. Telenor downlink spectrum occupancy measurements. 

 

 
Fig. 9. Warid uplink spectrum occupancy measurements. 

 

F. GSM 900 
The spectrum measurement results of total GSM 900 

uplink and downlink spectrums are illustrated in Fig. 12 and 
Fig. 13 respectively. The spectrum occupancies of GSM 900 
uplink and downlink spectrums are 61.4618% and 60.5980%, 

respectively. These results indicate that 25.2526 MHz 
spectrum is unused out of the total 64.8 MHZ spectrum of the 
GSM 900. 

Spectrum occupancy and associated unused spectrum of 
all the GSM service providers and GSM 900 band are 
summarized in Table IV.  

 
TABLE IV: A SUMMARY OF SPECTRUM OCCUPANCY AND UNUSED 

SPECTRUM 

 
 

 
Fig. 10. Warid downlink spectrum occupancy measurements. 

 

 
Fig. 11. Zong uplink spectrum occupancy measurements. 

 

 
Fig. 12. Zong downlink spectrum occupancy measurements. 
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   Fig. 13. GSM 900 uplink spectrum occupancy measurements. 

 

 
Fig. 14. GSM 900 downlink spectrum occupancy measurements. 

 
Spectrum occupancy and associated unused spectrum of 

all the GSM service providers and GSM 900 band are 
summarized in Table I. The results have disclosed that 
24MHz of GSM 900 spectrum band in Pakistan is unutilized 
spectrum that encourage cellular operators to deploy CRN to 
optimize spectrum utilization. 

 

IV. CONCLUSION 
Spectrum occupancy measurements of all the GSM service 

providers of Pakistan are conducted in this paper. The 
spectrum measurement results show that 36% of the GSM 
900 uplink and downlink allocated spectrum is unutilized.  

Furthermore, spectrum measurement results confirm that 
22.5% to 79.9% of bandwidth allocated to GSM service 
providers is unutilized. The bandwidth utilization of GSM 
service providers is not 100%, beside the cellular users are 
growing fast in Pakistan. Therefore, CR can be the best 
solution to improve the spectrum utilization of the GSM 900 
uplink and downlink allocated spectrum of Pakistan. 

 Spectrum scarcity is a major concern to wireless 
communication. Therefore it will be helpful to measure the 
spectrum occupancy of different static allocated licensed 
bands from time to time. This will give better idea about 
spectrum utilization, new directions about future spectrum 
allocations and help to serve more users in the limited 
spectrum. 
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