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ABSTRACT 

Long Term Evolution is the mobile technology that has been designed for high-speed 

internet connection. Long Term Evolution was due to previous mobile technologies to 

provide unsatisfactory data rate expectancy. Long Term Evolution was designed to 

operate in a licensed spectrum but not in unlicensed spectrum. 

Unlicensed spectrum is the spectrum that has higher, free and, larger bandwidth on 

which wireless devices operate. Increasing wireless capacity demand as well as 

bandwidth demand from mobile subscribers, the mobile operators now are increasingly 

concerned with deploying and utilizing unlicensed spectrum for mobile network 

communication. 

Nevertheless, due to the capacity demand, which has gone up due to the increase in 

iPad, Tablets, Smartphones, and other wireless devices usage in licensed spectrum, the 

channel capacity has now becomes a challenge. Therefore, to increase the channel 

capacity for high data rate communication, the Long Term Evolution technology to 

operate in unlicensed spectrum has been proposed for use as an alternative for this 

problem, and this challenge has put Long Term Evolution into consideration to operates 

in unlicensed spectrum. 

In this study, systematic literature reviews from different journal papers, Books and, 

simulation by using Matlab, Atoll and, Mentum Planet have been used to achieve the 

objectives of the. From the simulation, Long Term Evolution in the unlicensed 

spectrum, the throughputs were 100Mbps compared to 98Mbps in licensed spectrum. 

This improvement is equal to 2%. Therefore, an improvement of Long Term Evaluation 

performance in unlicensed spectrum when compared with LTE in licensed spectrum. 

But this is due to availability for larger free bandwidth, hence increase of channel 

capacity for mobile communication. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Introduction 

The  Long Term Evolution (LTE) technology refers to the high-speed internet 

connection that is faster than the previous mobile technologies (Tweed, 2017). LTE is 

the mobile communication technology among the five mobile communication 

technologies generations. Other generations includes first-generation (1G), second –

generation (2G), third-generation (3G) and fifth-generation (5G). 

LTE technology was designed to   address the challenge of channel capacity demand by 

increasing the capacity and speed of wireless data networks using digital signal 

processing techniques (Ahmad, Kaleem, & Chang, 2018; Chai, Sundaresan, 

Khojastepour, & Rangarajan, 2016). LTE technology came as result of failure of the 

previous mobile technologies in providing a high data rate as it was expected. An 

increasing number of mobile users demanding higher data rates has put LTE 

technology into consideration for unlicensed spectrums use (Parkvall et al., 2008; 

Roessler, Schlienz, Merkel, & Kottkamp, 2014).  

Because of increasing channel capacity demand, mobile operators are gradually 

attracted for deploying complementary access utilizing unlicensed spectrum for mobile 

network communication. A special motivation for accessing band of 5GHz of which a 

technologies of Wi-Fi for Long Term Evolution was mainly used (Bojovic, Giupponi, 

Ali, & Miozzo, 2019). LTE (Long Term Evolution) is the plan name given to 

expansion of a high-performance air interface for cellular mobile communication 

systems. Moreover, it is the last step toward the 4th generation of radio technologies 

designed to increase the capacity and speed of mobile telephone networks, it initiated a 

telecommunication body known as the Third Generation Partnership Project (3GPP) in 

2004.  

Rapid increasing in mobile data usage and emergence of new applications such as 

MMOG (Multimedia Online Gaming), Mobile TV, Web 2.0, streaming contents have 

motivated the 3rd Generation Partnership Project (3GPP) to work on the Long- Term 

Evolution on the way towards fourth-generation mobile. However, Wi-Fi is a 
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technology used by wireless devices to communicate in a low-frequency unlicensed 

spectrum  (Sathya, Mehrnoush, Ghosh, & Roy, 2020). 

The extension of LTE technology in unlicensed spectrum is due to demand of networks 

by mobile users. Declaration for fair consistence among LTE and wireless devices in 

unlicensed spectrum such as Wi-Fi, Bluetooth, and ZigBee, is a major concern. 

Therefore, for the operation for these technology not degrade its operation and hence 

friendly co-existence, is the ongoing discussion (Specification, 2008). The necessity to 

use LTE with an unlicensed spectrum is the increase in traffic bulks and the number of 

mobile broadband users globally (Nokia Networks, 2014). Hence, the 5GHz spectrum 

that is unlicensed free to use, offers a large amount bandwidth. 

Therefore, the reasons for motivation of deploying LTE in unlicensed spectrum as  

highlighted in Breslin (2015) is that the advantage of Unlicensed spectrum over other 

wireless devices is more better performance, superior channel, special mobility 

management, and improved coverage. When all these benefits are mixed with the 

massive amount of available spectrum in the 5GHz band, they make LTE Unlicensed a 

favorable unlicensed radio access technology. Apart from this, the proper mechanism 

for both to operate in the same spectrum without affecting each other, is needed hence 

this study was very important. 

The available large and free bandwidth in the unlicensed spectrum is due to the 

availability of 5.4GHz frequency, which is a free spectrum band and has high 

bandwidth as shown in Figure 1.1. This has encouraged mobile operators to use this 

spectrum band for communication. Another reason for selecting 5.4GHz it is that this 

frequency is where the range of the unlicensed spectrum operates. From Figure 1.1 

below 5.4GHz is more preferred for LTE in unlicensed spectrum, because the other free 

bands are too congested by other community usage. Also it is  because this is the 

frequency on which this technology operates in this frequency range (Sale & Yaici, 

2016). 
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Figure 1. 1: Available Unlicensed Bandwidth (Sale & Yaici, 2016) 

 These technologies are LTE Wi-Fi Aggregation (LWA), LTE Wi-Fi Aggregation using 

IPSec Tunnel (LWIP), LTE-Unlicensed (LTE-U), LAA LTE (Licensed Assisted 

Access LTE), and LTE-Advanced (LTE- Unlicensed (2002); Tweed, 2017).  

In addition, these technologies are explained as follows, LWA supports aggregation in 

downlink only, with the assumption that uplink transmissions are always on LTE. The 

LWA solution supports the two kinds of data bearers. These are, Split and switched. As 

the names suggests, packets belonging to a switched LWA bearer are always scheduled 

over Wi-Fi  by the eNB, whereas packets belonging to split LWA bearers can be 

scheduled over either Wi-Fi or LTE (Nuggehalli, 2016). 

The LWIP establishes an IPSec tunnel between the eNB and UE via a WLAN AP. The 

IPSec tunnel is used to carry IP packets belonging to one or more DRBs. LWIP reuses 

the measurement and mobility framework developed for LWA. The primary benefit of 

LWIP is that it is completely transparent to WLAN nodes. However, LWIP cannot 

aggregate traffic as it does not support reordering (Nuggehalli, 2016). 

 

Unlicensed Long Term Evolution signified the proposed and unlicensed LTE 

technology significance to unlicensed LTE Forum. And this technology found with 

collaboration of Ericsson, Alcatel-Lucent together with Qualicomm technologies in 

2004. LTE-U is characterized by nature of duty cycle access channel and the lacks 

mechanism for LBT. 
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The LTE-advanced technology release has further increased the transmission 

bandwidth up to 100MHz (Dalam, 2016), hence, it  is  more attractive and usable 

technology nowadays. Its peak data rates for download and uploading are 1Gbps and 

500Gbps respectively (Andrei, 2008). However, LTE-U supports a data rate of 

100Mbps and 50Mbps for downlink and uplink respectively ( Hamid, Salele, Harouna, 

& Muhammad, 2013).  

Figure 1.2 and Figure 1.3 below show the data demand increase per month from 2015 – 

2019 globally, and 2014-2019 for African countries. This increase has led to channel 

congestion and hence low network speed. This low network speed leads to poor quality 

mobile data rate communications. 

 

Figure 1. 2: Mobile Data Demand Globally (Pepper, 2019) 
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Figure 1. 3: Africa Mobile Data Demand (Pepper, 2019) 

Unlicensed spectrum has a wide spectrum, hence the privilege for the development of 

LTE technology. As the result, there will be vast search space in the unlicensed 

spectrum for User Equipment (UE) that may result in inevitable processing delays. 

However, LTE-U operations have been bounded to the carrier frequencies of U-NII-1 

and U-NII-3 bands to overcome this challenge (Tariq, Anjum, & Amjad, 2018). Hence, 

the interference due to transmitting power is a factor that affects the performance of 

LTE in unlicensed spectrum. 

Deploying LTE in an unlicensed spectrum means that LTE will share the same 

spectrum with the widely used Wi-Fi (Yun & Qiu, 2015). This is an alternative for the 

improvement of channel capacity.  

1.2 Statement of the Problem 

In current time, the use of iPad, tablet pc, Smartphones, and other mobile operator 

devices have caused an exponential rise for wireless capacity demands. Nevertheless, 

the scarcity of licensed spectrum has caused an increase in network capacity demand 

for wireless mobile operators. Most of talented techniques for dealing with scarcity 

problems is the thought of spectrum sharing (Masmoudi, 2018).  
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High demand for data by mobile users has resulted in spectrum scarcity for mobile 

communication systems (Zhang & Wang, 2015). This slowness of network speed is due 

to the available licensed spectrum being too congested with mobile users’ activities. 

The increased number of mobile users has caused low spectrum capacity in the licensed 

spectrum (Kanyeshuli & Li, 2015). It has also resulted in poor quality of service for 

mobile operators. This poor channel capacity has led mobile users to own more than 

one SIM card of different operators the aim being to seek high data rate network 

service (Walwa, 2019). 

Now, to eradicate the channel capacity problem due to mobile users' congestion 

(Sainju, 2012), the unlicensed LTE technology which has high spectral efficiency and 

larger bandwidth has been proposed for improvement. The scarcity of licensed 

spectrum for cellular networks, small cells are expected to share the same spectrum 

with macro cells even when they are deployed within the coverage area of a macro cell 

(Irnich, Kronander, Selen, & Li, 2013). 

However, this study presents a performance analysis of LTE in an unlicensed spectrum 

for mobile network communication. Simulation results show that there is a need to use 

the available unlicensed spectrum for communication.  

The use of Wi-Fi is very common around the globe and hence it is essential for newly 

deploying technologies to enable them co-exist with Wi-Fi networks without 

interference this may result in the form of excessive RF interference with already 

existing co-channel Wi-Fi node (Tariq et al., 2018). To overcome this problem, it is 

necessary to select the best operating channel for LTE-U while interference with nearby 

Wi-Fi and other networks is minimum. 

While specific licensed spectrum has been used, the conclusion should be extended to 

either licensed or unlicensed spectrum. Many co-existing mechanism techniques have 

been designed for LTE to operate in unlicensed spectrum with parallel to Wi-Fi 

technology and make it more amenable to coexist with other wireless technologies in 

unlicensed (Giupponi, Henderson, Bojovic, & Miozzo, 2016), for purpose of increasing 

the data rate in communication.  
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It  should  be  noted  that  other studies focused  on the  same  phenomenon  although  

most of them concluded that  for LTE to operate in unlicensed spectrum, it was used 

only when the system was overloaded and was  not able  to operate permanently in 

unlicensed spectrum. Therefore, this reason motivated the researcher to conduct this 

study. Another reason that made the researcher to conduct the study was due to 

technologies that were being used that they did not solve this problem of low data rate 

for mobile network communications. 

Therefore, the contribution of this study is to encourage and motivate mobile operators, 

industries, companies and mobile users to utilize LTE technology in unlicensed 

spectrum in order to improve channel capacity for mobile communication that will 

increase mobile data rate. In addition, to the findings of this study will eradicate the 

problem of channel capacity caused by increased demands of data communication by 

utilizing unlicensed spectrum which is free. 

1.3 Objective 

1.3.1 General Objective 

The main objective of this study is to analyses the performance of LTE Mobile 

Networks Communications in unlicensed spectrums. 

1.3.2 Specific Objectives 

1. To investigate the parameters influencing the performance of LTE network 

technologies in unlicensed spectrum. 

2. To examine the LTE networks performance in unlicensed spectrum using 

parameters investigated. 

3. To compare the LTE networks performance for both licensed and unlicensed 

spectrum.  

1.4 Research Questions   

The following are questions guided this research 

1. What are the parameters influencing the performance of 

the LTE network in an unlicensed spectrum? 

2. What are the performance of LTE Network in unlicensed spectrum by using 

parameters investigated? 
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3. What are the performance of LTE is in licensed and unlicensed spectrum? 

1.5 Significance of the Study 

Cellular network industry has been utilizing unlicensed spectrum to improve data rate 

speed in LTE communication technology. This is due to high spectrum bandwidth 

availability in the unlicensed spectrum that is free.  Given this scenario, the significance 

of this study is to encourage and motivate mobile operators to utilize unlicensed 

spectrum for cellular network communications for LTE technology in unlicensed 

spectrum. According to the parameters identified and the one which has been used for 

simulation shows and motivates that there is possibility for LTE to work in unlicensed 

spectrum. The purpose behind this is to improve mobile network speed and increase 

users’ revenue at low cost by having more subscribers who are satisfied with the 

network speed.  

Another significance is to add knowledge or awareness on the use of unlicensed 

spectrum radio frequency for mobile communication purposes for mobile network 

speed achievement at low cost. Lastly is to encourage and motivate other researchers 

and academic staff to explore more on this research area, because it is a technology 

capable of high data rate. In addition, to improve mobile network communication by 

running two technologies parallel in the same spectrum. 

1.6 Scope of the Research 

The analysis performance of unlicensed LTE technologies for mobile network 

communication is covered in this study. Performance analysis of the parameters 

affecting LTE-U performance was carried out. The better parameters affecting the LTE 

technologies were investigated for evaluation. The unlicensed technologies were only 

limited to the following, LTE unlicensed technologies were evaluated their 

performance in terms of their user’s perspectives and coexistence technique. 

1.7 Research Organization 

The report is structured into five chapters. In chapter one, a general introduction about 

the study is given, research problem, objective, research question, the significance of 

the study, and scope of the study, Chapter two describes the literature reviews of the 

key concepts relative to the study. 
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In chapter three the methodology that was used to realize the general objective and the 

specific objectives were given.  It also clarifies the research design, data collection, and 

its analysis, simulation setup as well as ethical issues. Chapter four presents the 

findings and discussion. Conclusion, recommendations, and suggestions for further 

research are explained in chapter five. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter presents a literature review for this study. Also explains the mobile 

communication generation technologies. In addition to that, empirical and conceptual 

literature reviews are also presented in this chapter. 

2.2 Common Terminologies. 

Before starting to investigate and mining, what other researchers observed from LTE 

unlicensed spectrum, some of the common terms are be defined below in order to 

clarify and simplify understanding of the terms. 

Mobile network Communication: Is the transfer of information from one point to 

another point by means of mobile devices. Mobile means that the communicating 

devices are in motion and not fixed. 

Spectrum: Is the range of frequency on which two communicating devices can listen 

to each other. And there are two types namely licensed and unlicensed spectrum. 

Licensed Spectrum: Is the range of communication frequency, which is not free, for 

use, it needs license from authority to do any activities in this range. 

Unlicensed Spectrum: It is the frequency that is free for use. 

Performance Metrics: These are the parameters used to analyse the performance of a 

system. 

Interference: The unwanted signal that can interfere the desired signal. These signals 

can be intra or external signal and these are due to types of sources. 

2.3 Related Works 

According to the increasing interest of LTE in unlicensed (Manekiya, Kumar, Yadav, 

& Donelli, 2020;), however academics, and other standard organization of recent 
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committed many works for investigation of sharing band techniques in LTE-U 

technologies. 

The writers suggested fairness for quality due to sharing of spectrum between Wi-Fi 

and femtocell networks (Hajmohammad & Elbiaze, 2013) but changes to the current 

Wi-Fi network are mandatory.  According   to  Bairagi, Tran, and Choong Seon (2017), 

the researcher debated achievable sum-rate in standalone mode using the bi-mode small 

cell base station but the Wi-Fi fairness was not considered. However, in this research 

fairness was considered. 

Nevertheless, in the actual sense, LTE technology does not stand alone for 

communication in unlicensed spectrums (Cano, López-Pérez, Claussen, & Leith, 2016; 

Shan et al., 2016; Chen, Yu, & Ding, 2016; Evolution et al., 2016). Therefore, it needs 

co-existence with wireless devices in unlicensed spectrum, hence suitable coexistence 

technique technologies between LTE in unlicensed with Wi-Fi technology are required.  

Based  on Zhang, Chu, Guo, and Wang (2015), the author explained how regulatory 

bodies consider  the possibility for coexistence of multiple disparate radio access 

technologies on the same frequency band. Nevertheless, the coexistence mechanisms 

were not clear hence, making the research include this destination to extract more 

techniques to enable LTE to operate in unlicensed without affecting the Wi-Fi device.   

Through LTE technology, the operation is prolonged to the unlicensed band, where it 

can coexist with other deployments such as Wi-Fi technology. LTE can attain carrier 

aggregation operating licensed spectrum for primary carrier and the unlicensed 

spectrum for secondary carrier (Rupasinghe, 2015). To access unlicensed spectrum by 

LTE, properly designed coexistence techniques are essential. Hence, it is of paramount 

importance to develop strong coexistence mechanisms for the simultaneous operation 

of Wi-Fi and LTE in the unlicensed spectrum. The multimode Base station at the same 

time it may operates as Downlink or Uplink. According to (Ratasuk, Mangalvedhe, & 

Ghosh, 2014).  

Therefore, from the above studies, it can be concluded that using the CSAT method 

around is interference through on period and in the case of the LBT approach, hence, it 

is not possible to use the spectrum if the Wi-Fi users is detected as active. To discourse 
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these encounters, a new approach has proposed “sense before transmit” to be used in 

unlicensed spectrum for this study. This is only for purpose of increasing data rate for 

two technologies to operate in the same spectrum at the same time. 

Zhou, Teng, Liu, and Xiao (2016) proposed two non-coordinated and two coordinated 

network management procedures that enable coexistence. Concerning the non-

coordinated techniques, the first one proposes eNB to perform LBT on different 

channels and to switch to a different channel after a transmission, while the second 

proposes LTE to offer transmission opportunities of available duration to Wi-Fi after a 

transmission based on the occupancy of the medium. Carrier Sensing Adaptive 

Transmission technology proposed by Qualcom (Labib, Marojevic, Reed, & Zaghloul, 

2013), where duty cycle are used to adaptively regulate the LTE channel entrance 

opportunities and LTE small cell are periodically switched ON and OFF to ensure fair 

channel access of Wi-Fi networks. 

(Liu, Bala, Erkip, & Yang, 2011), proposed a framework of which the DBFs perform 

channel sensing and LTE transmissions when channel is sensed to be free, to reduce 

collision chance compared to CSAT. In a study done by (Yun & Qiu, 2015), Wi-Fi 

carrier sensing procedures were improved to permit Wi-Fi as well as LTE to transmit 

simultaneously. 

The result show that, without an interference management scheme, LTE-U system 

performance is slightly affected by Wi-Fi however, Wi-Fi is significantly impacted by 

the LTE-U transmissions. Regarding the synchronized methodologies, the first one 

proposes a Network Function Virtualization interconnection to combine the Wi-Fi 

network and the service provider of LTE in the unlicensed spectrum. However, these 

results seemed to offer better performance for Wi-Fi and degrade LTE performance.  

Sagari et al. (2015) proposed a special model by performing experimental in evaluating 

the LTE devices was not implementing a mechanism of coexistence. (Falconetti, Ho, 

Obregon, Falahati, & Cheng, 2016; Ratasuk et al., 2014), or the LTE-U duty cycle 

(Wang, Mao, & Gong, 2017).  Based on indoor scenario simulations, (Cavalcante et al., 

2013; Nihtila et al., 2013) indicates that Wi-Fi to be more locked. The fair Wi-Fi 

coexistence to be attained, some challenges were proposed and the methodologies to be 
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used by LBT feature the known licensed LAA technology for 3GPP has considered 

(Mukherjee et al., 2015).  

LTE and Wi-Fi’s fair coexistence was considered as one of the main prerequisite 

conditions for deploying LTE in unlicensed spectrum so that, LTE should not impact 

Wi-Fi’s performance (Specification, Radio, & Network, 2015). But authors (Voicu, 

Simić, & Petrova, 2016) consider both unlicensed LTE technologies. The suggested 

coexistence systems for concluded experiment for evaluating environment  scenarios 

(Cavalcante et al., 2013).  

Pang et al. (2017) came up with an observation that the LTE-U and Wi-Fi systems use 

the channels in ON/OFF mode. Moreover, based on this idea, the LTE Forum proposed 

the based on this idea, the LTE Forum proposed the Carrier-Sensing Adaptive 

Transmission. Nevertheless, the delay was high hence the need for more analysis 

performance of LTE in unlicensed spectrum.  

Sathya et al. (2020), discussed and discovered factors that associated a Wi-Fi access 

point (AP) when an LTE base station is active with its maximum duty cycle, how is the 

latency of Wi-Fi connection affected during coexistence with LTE-U, and how does the 

energy-sensing threshold of Wi-Fi affect the latency and throughput performance of 

Wi-Fi and LTE-U. The conclusion from the study was to use 80% of the duty cycle to 

allow OFF time for Wi-Fi AP to start transmission. The operation of LTE for 

unlicensed is more impacted for traffic unload, even if it is considered that for 

unlicensed spectrum to work in unlicensed will be deployed (Hamid et al., 2013).  

Research conducted by Sathya et al. (2020) evaluated the coexistence techniques of 

LTE and WLAN technologies in unlicensed spectrums. The study is essentially an 

accessible method for real-time performance assessment in coexistence. In addition, 

only one experimental evaluation LTE –U technology was presented, rather than other 

technology such as LTE-LAA, which is currently used. 

The  investigation conducted by Cui, Gu, Ni, and Liu (2017) analysed the performance 

of LTE-LAA by using LBT as the only coexistence technique for LTE coexistence with 

Wi-Fi technology. This LBT approach is based on random delay, even if the unlicensed 

band is sensed free. Therefore, it causes transmission delay in the system.  As  it  was  
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found  by  Gao et al. (2016), difference coexistence mechanisms have been proposed by 

the industry and academia to protect Wi-Fi performance. The LTE-U Forum proposed 

Carrier-Sense Adaptive Transmission (CSAT). Nevertheless, the challenge is that the 

technique was adopted in few countries like Europe and Japan but not globally. 

A dynamic method was proposed for adaption of TxOP by Alhulayil & López-Benítez 

(2020). This shows that it performs better, but the challenge is that it is better for 

operators of the same network only.  Sun (2015) analyzed the factors enabling LTE and 

Wi-Fi coexisting in 5GHz for Efficient Spectrum Utilization. This was due to mobile 

traffic demands. Moreover, the results showed that the Conflict-Tolerant Channel 

Allocation approach improved the performance operation between the two 

technologies' coexistence, but the challenge was that it did not consider the spectrum 

utilization fairness. Wi-Fi performance degraded when LTE technology in the 

unlicensed spectrum transmit continuously (Li, Baccelli, Andrews, Novlan, & Zhang, 

2016). Hence, proper coexistence techniques are needed to be developed for fair 

coexistence between the two technologies in unlicensed spectrum. 

The evaluated performance carried out by industry considered a single technology. 

Therefore, for both cases the performance evaluation were done with branded 

simulators since it was not known (Hendricks, 2015; Wang, Mao, Eng, & Gong, 2016).  

The researchers Zhen, Shan, Yu, Cheng, and Cai (2021), observed that sharing 

unlicensed spectrum with Wi-Fi networks, unlicensed LTE is one of the likely 

methodologies to further improve LTE network throughput. However, the problem of 

coexistence with Wi-Fi network is one of the main challenges of U-LTE technology 

hence this study came with deals on finding the best coexistence mechanism between 

the two technologies.  Coexistence technology for LTE and wireless device in 

unlicensed spectrum is more likely situation but more challenges that require some 

enabler mechanisms (Nose-Filho, Fantinato, Attux, Neves, & Romano, 2013)  

Based on the reviewed papers relating to performance evaluation parameters, it can be 

concluded that the coexistence technique is an important factor that has a significant 

impact on the performance of LTE technology in unlicensed spectrums. Therefore, this 

performance metric was used in this study. Depending on the coexistence techniques, 

the performance of LTE technologies may be affected. 
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2.4 Research Gap 

The preceding section described several research works that have been conducted 

regarding the operation of LTE technologies in unlicensed spectrums. In addition, the 

section clarifies studies that proposed various techniques for the operation of LTE 

technologies in unlicensed spectrums to increase data rate. However, some studies have 

been conducted on this challenge, but the challenge of data rate for mobile users as well 

as mobile operators in licensed spectrum is still big.  Therefore, there was a need of 

doing a study in this field. This study intended to analyse the performance of LTE in 

the unlicensed spectrum for mobile communication by considering techniques of LTE 

technologies that would suit for increasing data rate of mobile communication. 

2.5 Conceptual Framework 

Is a measure of a graphical presentation that describes key factors or main things to be 

studied and their relationship (Matthew, Mile,. Michael & Hubberman, 1994). It 

supports the researcher in  defining  and identifying  concepts found within the problem 

of the study (Adom, Hussain, & Joe, 2018). Figure 2.5.1 presents the conceptual 

framework that guided this study. The figure shows that related data were collected 

from various sources such as dissertations, journals, books, and research projects. 

Collected data were deployed to extract key variables. 

The extracted key variables served as input to the network framework development. 

The performance of the resulting framework was evaluated based on identified metrics. 

Finally, performance analysis of LTE unlicensed spectrum extraction was attained for 

the LTE network. Figure 2.1 below shows the conceptual framework, on which the 

parameters are used for variables, that are introduced into the Unlicensed network and 

processed for performance visualized output of the network. 
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Figure 2. 1: Conceptual Research Framework 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction  

The second chapter reviewed by discussing various works related to LTE technologies 

in unlicensed spectrum resource sharing. This section it clarifies on how the study has 

been conducted. In additional to that it also introduces the research study situation. 

Moreover, it describes the research approaches, research strategy, data collection 

methods and tools.  Furthermore, it explains experimental tools and the environment, 

simulation setup, and performance evaluation metrics. Similarly, the chapter provides 

clarification on how data were collected and analyzed by following the research ethical 

protocols. 

3.2 Research Design 

Research design that implemented in this study was based on both experimental and 

expressive. The experimental aspect was based on simulation using MATLAB, Atoll 

and, Mentum Planet. The simulation procedures were done by varying the parameters 

and feeding them into the LTE networks for processing, and the outputs in terms of 

throughputs to show the LTE performance were visualized after simulating the network 

system, while the descriptive design was done using literature review techniques from 

revised papers to obtain the parameters. The reason for choosing these designs was 

considered the nature of the research objectives as well as research questions. 

3.3 Research Setting 

The research experiment was conducted in a computer laboratory in the College of 

Informatics and Virtual Education (CIVE), University of Dodoma (UDOM). The 

software for carrying the experiment required 5GB hard disk drive space, 4GB Random 

Access Memory (RAM), and 1.6 GHz of Central Processing Unit (CPU). The 

experimental software was installed in Dell OptiPlex 7010 computer with 8.1 windows 

operating system (64bits), 16GB RAM, core i7, 3.4 GHz, processor and disk drive. 

3.4 Research Approach 

The research approach can either be qualitative, quantitative, or mixed (qualitative and 

quantitative) subject to the nature of the study (John, 2014). According to Quirk et al. 
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(1998) and Maxwell (2005) usage of joint methods gives a stronger understanding of 

the problem than using a single technique. This study employed a mixed approach.  

The approach was used due to the nature of the three research objectives as well as the 

research questions. The qualitative method was used to extract data from the literature 

review while the quantitative approach was used to extract numerical data from the 

experimental tools that were later analyzed using numerically based strategies. 

3.5 Research Strategies 

To achieve the first objective, which was to investigate the parameters influencing the 

performance of LTE mobile network technologies in unlicensed spectrum, a literature 

review was used. Both quantitative and analytical research strategies were used by 

using various dissertations, journals, books, and research projects relating to this 

research were revised.  

Through literature, different useful parameters or metrics for affecting the performance 

of LTE technology were studied. To succeed in the second objective that was to 

examine the performance of LTE network-using parameters investigated above in 

unlicensed spectrum; a simulation-based approach was used. To achieve the third 

objective, which to evaluate the performance of LTE network technologies in 

unlicensed spectrum, a virtual environment experiment was conducted. Through 

simulation-based, numerous parameters or metrics acquired in the first objectives were 

used to check the competence and usefulness of the developed LTE network 

technologies. 

3.6 Data Collection Methods and Instruments 

Is a major aspect of any kind of research. It is a key activity to be measured for the 

phenomenon under analysis (Johannesson & Perjons, 2014). Wrong data collection 

affects the findings of the study as well as intolerable results. Under this research study, 

two types of data were considered. The procedures used to gather the data for this study 

were through observations from the results that were obtained from the simulation 

experimentation and thorough literature review that was done from reading various 

journal papers and books. 



 

19 

3.6.1 Primary Data 

The primary data were principally collected experimental tool. Different metrics were 

evaluated to answer research question number three. The data were obtained during the 

performing of the simulation procedures. Moreover, the data that were used as primary 

were obtained through operating frequencies and bandwidth of LTE technology as used 

in unlicensed spectrum. Experiment testing was done and relevant data were composed 

for further analysis. 

3.6.2 Secondary Data 

The secondary data were composed using a well-organized works and documentary to 

determine the parameters affecting the performance of LTE network technologies in 

unlicensed spectrum and evaluation metrics, to answer the first and second research 

questions. Regularly, the document review includes a collection of printed information, 

although, within the same way, they can furthermore contain a collection of photos, 

pictures, sound, or video records. In this study, various relevant kinds of literature were 

visited such as dissertations, journals, and research projects. 

3.7 Experimental Tools and Environments 

In this study, the experimental setup used simulation software called MATLAB, Atoll 

and, Mentum Planet tools. Written codes were executed to enable simulation 

experiments. MATLAB, Atoll, Mentum Planet, and NS-3 software were used because 

they are the most popular and best simulation tools for the LTE and WLAN 

technologies. In addition, MATLAB, Atoll, Mentum Planet, and NS-3 software are 

open-source software, therefore, they were obtained freely. 

3.8 Simulation Setup 

Answering research question three, which focused on performance analysis 

technologies of LTE in unlicensed spectrum and the following simulation procedures 

and setup were carried out to reach the desired output.  

The researcher downloaded MATLAB, Atoll, Mentum Planet, and NS-3 software for 

window 7, 8, and 10. The simulation software was installed into the local machine by 

following the instructions provided during the installation process. After successfully 

finishing the installation procedures, then the configuration process followed. The 
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variables were Operating frequencies, Transmitting power, Duty cycle Time, and 

Signal-to-noise ratio. 

3.9 Data Analysis 

For this study, both qualitative and quantitative data were analyzed. The analysis made 

a difference to form the initiation of the coexistence techniques against performance 

metrics. After analysis, various Tables, histogram charts, and line graphs were plotted.  

On the other hand, documentary and literature review data were analyzed using the 

content analysis technique. The researcher was accountable for reading many 

documents and understanding them to become useful data that assisted this study. The 

analyzed qualitative data accompanied the analysis of quantitative data. 

3.10 Ethical Issues. 

This study is based on an experiment where simulation was conducted in a computer 

laboratory at CIVE, UDOM. The researcher requested both ethical clearance and 

research permits from the office of the Director (Research, Publication, Innovation, 

Consultancy, and Institutional Collaboration) and the office of the Vice-Chancellor.  

Since the study is based on simulation, then data gathering did not include human 

intervention. Therefore, under this study, issues of confidentiality, as well as privacy, 

were taken into consideration to meet the research formality. However, the researcher 

observed the integrity of data generated during performance analysis. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter presents the findings of the study from the related studies as well as from 

various experiments performed based on the investigated metrics. The results reached 

from the reviewed papers and experiments were accessible in tabular form as well 

graphical form. The chapter is essentially organized into different sections. 

The first section elaborates findings and analysis corresponding to the research 

objective to investigate parameters affecting LTE performance in unlicensed spectrums. 

The second section presents the findings of the developed LTE network technologies in 

unlicensed spectrums to improve performance. The last section presents the findings 

and analysis corresponding to the evaluation of the LTE network technologies' 

performance in unlicensed spectrums. All of the findings intend to achieve research 

objectives as well as research questions in the primary chapter. 

4.2 Parameters Investigation Results 

The following research question was used to come up with factors affecting LTE 

performance in the unlicensed spectrum. 

What are the parameters influencing LTE Network's performance in the unlicensed 

spectrum?  

To determine the parameters affecting LTE performance in the unlicensed spectrum for 

sharing single spectrum resources, the scholar revised deeply various journal papers 

and books. Parameters affecting LTE in the unlicensed spectrum investigated were 

Coexistence techniques, Transmitting Power, Signal to noise ratio, and Duty-cycle 

time. 

4.2.1 Coexistence Techniques 

In this section, two LTE unlicensed coexistences were discussed. These are Wi-Fi 

against LTE, and LTE against LTE of different operators.  
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Table 4.1 presents the data for LTE technologies simulation, to analyze the impacts of 

coexistence technique on LTE technology performance in unlicensed spectrum. In this, 

the parameters from Table 4.2 were used for the simulation process to evaluate the 

performance of LTE and wireless mobile operators in the same spectrum. 

Table 4. 1: Parameters for LTE 

LTE parameter Value(s) 

PRB Bandwidth  180kHz 

Number of Sub-bands  100 @20MHz 

Sub-frame duration  1ms 

Scheduling Algorithm  Proportional Fair 

Link Adaptation Method Based on SINR 

Power UL control Disabled 

Maximum number of HARQ 

Retransmission  

5 

 

Table 4. 2: Parameters for other Operators 

Wireless devices Value 

Transmission scheme OFDM 

MAC protocol DCF (CSMA/CA) 

ACK period 16μs 

Maximum CW size 1023 slot intervals 

Busy-channel threshold (Wi-Fi) -82dBm 

Busy-channel threshold (LTE) -62dBm 

Adaptation-Link Methodolgs SINR-based 
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Figure 4. 1: Throughput Variation against Bandwidth 

Based on the results shown in figure 4.1, Wi-Fi performance is more affected by this 

technology. This shows that even if LTE does not send data traffic, the throughput of 

Wi-Fi is reduced significantly due to the LTE control signals. Furthermore, this 

reduction becomes even more pronounced when LTE transmits randomly in PDSCH 

channels. LTE and Wi-Fi technologies raised great challenges in the design of an 

effective coexistence mechanism. Hence, a careful design for mechanism coexistence 

fairness is needed for unlicensed spectrum network. 

A. Coexistence without LBT 

There are regions in which the regulatory requirement for LBT is not applicable; a 

carefully designed coexistence process will a better fairness coexistence mechanism 

(Mekonnen, Haque, Parvez, Moghadasi, & Sarwat, 2018). Nevertheless, this depends 

on traffic demand.  

B. Coexistence Based on LBT Mechanism 

For countries that necessitate a regulation in the unlicensed spectrum, it requires more 

roust equipment to periodically check for the presence of other occupants in the 

channel before transmitting. Two LBT mechanisms were employed in LTE technology, 

by considering Equipment and Load based Equipment (Li, Jafari, Chu, & Zhang, 2016; 

Rupasinghe & Güvenç, 2014). 
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Figure 4. 2: LBT Procedure  (Tan, Xiao, Han, & Liang, 2018) 

Figure 4.2 illustrates the LBT technology that defined by applying CCA for checking 

the channel before transmitting. When the channel is IDLE the eNB is allowed to 

transmit by defer CCA period Td-cca.  The defer during Td_ccais composed of duration 

Tf_= 16µs and mp CCA slots, where each CCA slot duration is Tsl_cca = 9µs. The value 

of mp depends on the channel access priority class, which is used to categorize the types 

of traffic scheduled in the unlicensed band. 

4.2.2 Impacts of Transmitting Power for both LTE and Wi-Fi Performance 

In this section, the impacts of transmission power on LTE performance have been 

evaluated the results of which were observed that impacts of transmitting power for 

energy detection is adopted and hence performance of LTE. The energy detection is 

adopted depending on the bandwidth available and maximum transmitting power. This 

has been done by considering a simple scenario with node distance 10m-30m to the 

power level effects are  PLTE (18, 13, 8dBm) with a gain of 5dBm  for three energy 

detection values of -62dBm, -67dBm, and -72dBm at fixed Wi-Fi power of 18dBm.  

Transmitting Power control is required on certain frequency bands to keep the transmit 

power down within the regulation limit.  Further functionalities such as organization, 

channel state information (CSI) reporting, radio resource organization, and mobility 

organization, are also required under LTE (Specification, Radio, & Network, 2015). 
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In addition, the result observed at 10m, the emission received by eNB for AP 

transmitting power were -54dBm and 18dBm. Moreover, Wi-Fi detected the LTE 

transmission when they were emitting at 18dBm and 13dBm, while at 8dBm they will 

not detect because the energy will be below the threshold. 

Now from figure 4.3, the simulation results when distance nodes are 20m the 

coexistence performance was degraded when Wi-Fi could not detect LTE since the 

collision and interference was too high at PLTE = 8dBm. Therefore, when PLTE higher 

the LTE performance throughput is better. 
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Table 4. 3: LTE (eNB) and Wi-Fi (AP) detecting each other 

 

 

Figure 4. 3: Impact of Transmitting Power on LTE Performance 

4.2.3 Impacts of Duty-cycle time for both LTE and Wi-Fi Performance  

In this section, figure 4.4 shows that the impacts of the TCSAT parameter have been 

analyzed. TCSAT is the duty-cycle counting OFF and ON during LTE-U and Wi-Fi 

devices operating in the same unlicensed spectrum. In this study, the impact of TCSAT 

has been studied and simulated results have been recorded. 
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In Table 4.4, the results for LTE-U throughput have been presented at different TCSAT 

periods. Moreover, it is observed that when LTE-U is ON, time increases with the 

TCSAT and this is because of the number transmission by LTE-U increases 

Table 4. 4: Impacts of Duty cycle (TCSAT) for LTE throughput 

 

 

Figure 4. 4: Impacts of Duty cycle Time on both LTE and Wi-Fi Performance 

4.3 LTE Network Technologies in Developing Unlicensed Spectrum 

The second specific objective was to develop the LTE technology performance of the 

LTE network in unlicensed spectrums. This objective aims to improve the data rate for 

the existing coexistence techniques of LTE technology with Wi-Fi technology. This 

section presents and discusses results to answer the second research question, and the 

technologies developed by modified as detailed in sections 4.3.1 and 4.3.2 below. 

4.3.1 LTE-U Technology 

LTE-U is a radio access technology proposed for providing carrier-grade wireless 

service is a 5GHz unlicensed spectrum. Nevertheless, LTE-U which operates in the 



 

28 

licensed spectrum, has more significant performance gains than Wi-Fi when operating 

in the unlicensed spectrum. 

However, an ecosystem for coexisting Wi-Fi nearby deploys LTE-U Small Cell (SC). 

This is because the Wi-Fi devices are already spread in a 5GHz unlicensed spectrum. 

Since different LTE-U operators may occupy the same spectrum in unlicensed and 

provide data services to their users, this unplanned and unmanaged deployment of 

LTE-U technology may result in interference to the existing co-channel. However, Wi-

Fi devices do not back off to LTE-U until their energy detection threshold interference 

level is above -62dBm over 20MHz. The possible LTE-U deployment in this study 

focuses on Supplemental downlink (SL) deployment in unlicensed spectrum and this 

deployment has targeted the region on which the LBT requirement is not needed. LTE-

U is the simplest form of U-LTE, which requires only minor modifications in the LTE 

protocol stack. Therefore, it was quickly facilitated and deployed for this study.  

4.3.2 LTE-LAA Technology 

LAA-LTE technology requires several transmission modification to operate in 

unlicensed spectrum. For case of channel is not available, an LBT technology can be 

used with a few developments proposed in this study to complete for the medium with 

other RANs.  

4.4 Performance Evaluation of LTE Network Technologies 

The third specific objective was to evaluate the performance of LTE network 

technologies in unlicensed spectrums. This section presents and discusses results to 

answer the third research question of this study. 

4.4.1 Evaluation of LTE-U Technology 

The LTE-U system-level simulation platform in this study was developed using 

MATLAB. The system simulation uses the snapshot mode, that is to say, the statistics 

are made by taking the average over random user locations.  

4.4.2 Evaluation of LTE-LAA Technology  

LTE-LAA, supports the exponential back-off model, in this model the CCA defer and 

slot times are set to be 43µs and 9µs respectively. Nevertheless, since the model allows 

both LAA and Wi-Fi to operate in the same spectrum,  
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The reservation signals were implemented to occupy the channel and forced the 

channel. The DRS was modeled according to 3GPP specifications and was subjected to 

LBT as a priority technique with a deferred period of only 25µs. The possible values of 

DRS periodicity were 40ms, 80ms, and 160ms, and the default in this study was set to 

be 80ms as shown in Table 4.5. 

 

 

 

 

 

 

Table 4. 5: Simulation Parameters for LTE 

 

4.5 Experimental Results 

The third objective of this study was to evaluate the performance of developed LTE 

network technologies in unlicensed spectrums. The performance was assessed based on 

the simulation of specified metrics. This section describes the results obtained by 

performing various experiments. The simulation and evaluation were divided into three 

categories namely coexistence technique, transmitting power and, duty-cycle duration. 

These groups were selected because they are so significant in the LTE performance 
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impacts in the unlicensed spectrum. In each category, the metrics were used and the 

results were observed in charts and plotted graphs. 

4.5.1 Simulation and Evaluation Based on Coexistence technique. 

Figure 4.5.1.1 presents simulation results for DL Throughput of LTE-U and LTE-LAA 

technologies, in licensed spectrum. The results were obtained after running network 

analysis to analyze their performance. The simulation component parameters were set 

as shown in Table 4.6. While the simulation parameters for the LTE and Wi-Fi systems 

are shown in Table 4.7.   

Table 4. 6: Common Simulation Parameters 

 

Table 4. 7: Wireless devices and LTE System Simulation Parameters 

 

Furthermore, to visualize the results, MATLAB software was used to plot the graph as 

indicated in Figure 4.5.1.1. Based on this figure, it is observed that the DL Throughputs 
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have been presented in Figure 4.5.1.2 and it seems that LTE-LAA technology achieves 

better throughput performance compared to that of LTE-U technology when it is 

operating in the same spectrum band. Moreover, this is because LTE-LAA technology 

is obtained after LTE-U technology is modified by adding some new features. 

However, the simulation results for throughputs obtained are 98Mbps and 299.9Mbps 

for LTE-U and LTE-LAA respectively, which is approximately quite similar to the 

throughputs for theoretical which are 100Mbps and 300Mbps for LTE-U and LTE-

LAA technology respectively (Alcatel-Lucent, Ericsson, 2015). 

Figure 4.6 and Figure 4.7 present simulation results for DL throughputs for LTE-U and 

LTE-LAA in unlicensed spectrums. Based on these results, it is observed that the DL 

throughput for LTE-U technology has dropped from 98Mbps to 40.4Mbps. This is also 

similar to the LTE-LAA technology in which the DL throughput has dropped to 

46Mbps from 299.9Mbps.  This indicates that there is a collision of transmitted signals 

when transmitted in the same band if the coexistence techniques are not modified and 

improved properly. In addition, this is due to large duty-cycle time hence a sharp drop 

in throughput output. 

However, in this study, the proposed coexistence which is modified by improving the 

duty cycle in the CSAT technique which is used by LTE-U technology, shows that 

there is an improvement of DL throughputs which is 86Mbps compared to that of the 

CSAT technique which is 46Mbps. The same also applies to the modified technique 

which increases the ON/OFF time helps improve DL throughput from 40Mbps to 

81Mbps for the LBT technique, which is used by LTE-U technology. Lastly, Figure 

4.5.1.3 presents the DL throughput simulation showing the fairness coexistence 

between LTE technologies and Wi-Fi technologies, when both are operating in the 

same spectrum like the unlicensed spectrum. The simulation results shows that both 

proposed techniques in both unlicensed LTE and Licensed assistance Access 

technology shows better coexistence when the LTE technologies and Wi-Fi 

technologies are operating in the same  unlicensed spectrum. The fairness Identification 

of any communication system is always given by using FI can be calculated using 

Equation  
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(3).                                                                                                                                                      

Where,  are the normalized values and they are calculated   ; with  and 

 measured and the optimized values.  

 

Figure 4. 5: Throughputs for LTE Technologies in Licensed Spectrum 
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Figure 4. 6: LTE-U & LTE- LAA Throughputs Technologies in unlicensed 

Spectrum with Different Coexistence Techniques 

 

Figure 4. 7: Comparison of fairness factors for different LTE 

4.5.2 Simulation and Evaluation Based on Transmitting Power. 

Figure. 4.8, illustrates technology coexistence that relates. With the effects of 

transmitting power on the throughputs of LTE technology in unlicensed spectrum. 
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Figure 4. 8: Impact of Transmitting Power on both LTE and Wi-Fi Performance 

4.5.3 Simulation based on Effects of Signal to Noise Ratio (SNR) 

This effect is explained from Shannon Equation 1 below, which can be simplified to get 

Equation 2, and finally Equation 3 is obtained. 

                                                                              (1) 

                                                                                               

(2)     

                                                                                                 

(3)     

Where, C= Channel capacity, B= Bandwidth and,  the signal to noise ratio. 

Now from equation 3 above this indicates that when a bandwidth increases, the channel 

capacity increase also, as the result that the two parameters are relating to each other. 
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Table 4. 8: Channel capacity variation against SNR 

 

 

Figure 4. 9: Channel Capacity Variations against SNR 

As it is revealed in Table 4.8 and figure 4.9 above, SNR increases with channel 

capacity, which is directly proportional to data rate. This can be verified and proved by 

using results from simulations that have done. Now this can be generalized that, the 

throughput of LTE in unlicensed increases with decrease of signal to noise ration figure 

4.10 below shows this relationship. 



 

36 

 

Figure 4. 10: Throughput against the range of SNRs 

4.5.4 Simulation and Evaluation Based on Duty-cycle Time  

Duty-cycle is the duration of counting ON and OFF time during the LTE unlicensed 

and Wi-Fi operating devices in similar unlicensed spectrum.  Study, the impact of this 

(TCSAT) has been taken and the simulation results were recorded. For this section the 

evaluation of LTE performance is done under four different duty cycles, considering 

TDD configuration.  

Figure 4.11 shows both Wi-Fi and LTE throughputs variation under different duty 

cycles. This shows that Wi-Fi throughput decreases with larger duty cycle, while LTE 

throughput increase and improve. This is because with larger duty cycle LTE 

interference on Wi-Fi increases and makes Wi-Fi remain in waiting mode as result Wi-

Fi throughput decreases. Nevertheless, on other hand, LTE throughput increases with 

the duty cycle due to more transmission opportunities. 
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Figure 4. 11: Wi-Fi and LTE Throughputs Variations under Different Duty 

Cycles 

In table 4.9, the results for LTE throughput have been presented at different TCSAT 

periods. Moreover, it   is observed that LTE throughputs increase with the duty cycle 

TCSAT.  This is because the number of transmission by LTE increases and puts Wi-Fi to 

stay in waiting mode hence poor performance. 

Table 4. 9: Different Duty Cycle Periods LTE of Throughputs 

 

4.6 Chapter Summary 

The results presented and discussed in this chapter can be summarized by using Table 

4.10. 
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Table 4. 10: Throughputs Comparison of LTE Technology in Licensed and 

Unlicensed Spectrum 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION FOR FURTHER STUDY 

5.1 Introduction  

The research study concentrated on PERFORMANCE ANALYSIS OF MOBILE 

NETWORKS COMMUNICATIONS FOR LTE IN UNLICENSED SPECTRUM. The 

chapter gives both conclusion and recommendation by considering the obtained 

findings for this study. Lastly, this chapter recommends areas for further research. 

These areas for further research were identified while this current research was in 

development. 

5.2 Conclusion 

As the researcher was answering the first research question, only one performance 

metric was taken into consideration that is, the metric Downlink Throughput. 

Furthermore, four factors affecting LTE performance in unlicensed technologies in the 

unlicensed spectrum were investigated. These factors are Coexistence techniques, 

Signal to noise ratio, Transmitting power, Duty cycle Time. This research question was 

answered through a systematic literature review, and on conducting a systematic 

literature review. 

For answering research question number two, identification and development of the 

LTE technologies used in the unlicensed spectrum were done. The LTE technologies 

used in unlicensed spectrum that were identified are LTE-U and LTE-LAA. The reason 

for selecting these was because they needed few modifications of LTE technology to 

operate in unlicensed spectrum. Also it was because they were the promising 

technology for solving the problem of spectrum scarcity for mobile communication. 

The development made for these technologies was based on factors identified and on 

how they affected the performance of specific technology in the unlicensed spectrum. 

The modification and development made for these technologies included proper 

selection of the Coexistence techniques, proper duty cycle time, transmitting power 

and, Signal to noise ratio. Furthermore, the factors adjusted were analysed by using 

simulation parameters for evaluating the LTE performance in unlicensed spectrum 

terms of download throughput.  
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Unlicensed spectrum is the spectrum that has higher, free and, larger bandwidth on 

which all wireless devices operate this spectrum. Increasing wireless capacity demand 

and, bandwidth demand from mobile subscribers, the mobile operators are gradually 

attracted to deploying and utilizing unlicensed spectrum for mobile network 

communication. In this study, the methodologies that were used to achieve the 

objectives of this study were systematic literature reviews and simulation by using 

Matlab, Atoll and Mentum Planet. 

Coexistence techniques are a very important aspect to consider when two operating 

technologies are operating in the same spectrum band. This is due to avoidance of 

interference that can be caused by the two technologies. Hence, to avoid this, better 

coexistence techniques should be considered. Transmitting power should be greater 

than threshold energy for LTE to perform better in unlicensed spectrum. If the 

transmitting power is lower than threshold energy, then the LTE will not detect each 

other hence failure in communication. Duty-cycle Time, as it decreases, the LTE 

throughput increases indicating better performance of LTE in unlicensed spectrum. As 

signal to noise ratio increases, the channel capacity, which is directly proportional to 

data rate, increases also. This can be verified and proved by using Tables and figures as 

well as results from simulation.  

From the simulation, Long Term Evolution (LTE) in unlicensed spectrum the 

throughputs was 100Mbps compared to 98Mbps in licensed spectrum. This 

improvement is equal to 2%.  Therefore, there is an improvement of LTE performance 

in unlicensed spectrum compared to LTE in licensed spectrum. This is due to 

availability of larger bandwidth that is available free, hence increased channel capacity 

for mobile communication.  

5.3 Recommendations 

For the mobile operators, vendors, and industry who are searching for utilization of 

UNLICENSED SPECTRUM for mobile communication due to spectrum scarcity and 

unlicensed utilization which is free for use, they should consider the factors explored in 

this study for better performance of LTE in unlicensed spectrum.  
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5.4 Further Work 

In order for LTE to be used in unlicensed spectrum a new technology for mobile 

communication deployment. This study for analysis the performance of LTE in the 

unlicensed spectrum without specifying the area to be deployed whether Urban or Rural 

area. Therefore, for the future, the researcher has to focus on specifying specific areas 

such as the urban area on which the problem of spectrum scarcity is too significant.  
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