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ABSTRACT 

 LTE an initialize of Long Term Evaluation, marketed as 4G LTE is 

standard for wireless communication of high data rate, increasing the 

capacity and speed using different radio interface together with core 

network improvement. 

In today‟s wireless communication systems, it is required to view 

video, listen to audio, browse the internet, upload media and use cloud-

based services that will make high demands of data rates. However, it is 

very difficult to achieve such high data rates using conventional 

Communication method without increasing the bandwidth. In those 

methods use bandwidth by each user in band that may be not sufficient 

to offer the required data rate, while there is unused bandwidth in other 

or same band. There is need for new scheme to effectively utilizing the 

available bandwidth in same or different frequency bands.   

In this research using joint carrier aggregation with scheduling 

algorithm, it is possible to utilize more than one block of subcarrier and 

in this way increase the overall transmission bandwidth.  

 The effectiveness of joint carrier aggregation and scheduling 

algorithm is investigated by using MATLAB code written in m-file. It 

provides high throughput for multi user for VOIP by about (250%), for 

video by about (175%). In addition, it improves bandwidth utilization for 

multi user for VOIP by about (300%), for video by about (287.5%) as 

compared with no carrier aggregation. Further, it also enhances the 

spectral efficiency for multi user for VOIP by about (13%), for video by 

about (71.4%).  Lastly, the average delay performance also decrease for 

multi user for VOIP by about (76%), for video by about (73%) as 

compared with no carrier aggregation used. 
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 المستخلص

اٌزط٠ٛش ثؼ١ذ اٌّذٜ اٌّزمذَ ٌٍج١ً اٌشاثغ ٚاٌزٞ ٠ؼزجش وّم١بط فٟ الارصبلاد اٌلاعٍى١خ 

 اٌزٟ رؼطٟ ث١بٔبد ػب١ٌخ،ٚرض٠ذ ِٓ اٌغؼخ ٚاٌغشػخ ِغزخذِخ ٚاجٙبد ساد٠ٛ ِخزٍفخ ِٓ شجىخ

 اسعبي ِحغٕخ.

ػب١ٌخ ٌّشب٘ذح اٌف١ذ٠ٛ،  فٟ أظّخ الارصبلاد اٌلاعٍى١خ اٌحب١ٌخ ِطٍٛة ِؼذلاد ث١بٔبد

ٚالاعزّبع إٌٝ اٌصٛد، ٚرصفح الأزشٔذ، ٚرح١ًّ ٚعبئط الاػلاَ ٚاعزخذاَ خذِبد اخشٜ. 

ِٚغ رٌه، فإٔٗ ِٓ اٌصؼت جذا رحم١ك ٘زٖ اٌّؼذلاد اٌؼب١ٌخ ِٓ اٌج١بٔبد ثإعزخذاَ طش٠مخ 

١ِٓ اٌّزشبسو١ٓ الارصبلاد اٌزم١ٍذ٠خ دْٚ ص٠بدح ػشض إٌطبق اٌزشددٞ ػٕذ ص٠بدح أػذاد اٌّغزخذ

فٟ ػشض حضِخ ٚاحذح، لذ ٠ىْٛ ػشض إٌطبق اٌزشددٞ غ١ش وبفٟ ٌزمذ٠ُ ِؼذي اٌج١بٔبد 

اٌّطٍٛثخ ٌىً ٚاحذ، فٟ ح١ٓ أْ ٕ٘بن ػشض ٔطبق رشددٞ غ١ش ِغزخذَ فٟ ٔفظ ػشض 

ػشض حضَ اخشٜ. ٌزٌه وبٔذ اٌحبجخ  ٌٕظبَ جذ٠ذ ٌلإعزفبدح ثشىً فؼبي ِٓ  اٌحضِخ اٚ فٟ

 ددٞ اٌّزٛفش فٟ ٔفظ ٔطبلبد اٌزشدد اٚ فٟ ٔطبلبد رشدد اخشٜ.ػشض إٌطبق اٌزش

ثبعزخذاَ رج١ّغ إٌبللاد ِغ خٛاسص١ِخ اٌجذٌٚخ فٟ ٘زا اٌجحث، اصجح ِٓ اٌّّىٓ 

الاعزفبدح ِٓ اوزش ِٓ وزٍخ ٚاحذح ِٓ إٌبللاد اٌجض٠ئ١خ ٚثٙزٖ اٌطش٠مخ صاد ػشض إٌطبق 

 اٌزشددٞ ِٚؼذي اسعبي اٌج١بٔبد.

فؼب١ٌخ رج١ّغ إٌبللاد ِغ خٛاسص١ِخ اٌجذٌٚخ ثبعزخذاَ ثشٔبِج اٌّبرلاة. ٠زُ اٌزحمك ِٓ 

٘زٖ اٌطش٠مخ ٚفشد أزبج١خ ػب١ٌخ ٌؼذد ِٓ اٌّغزخذ١ِٓ ٌٍصٛد ػجش ثشرٛوٛلاد الأزشٔذ ثٕغجخ 

%(، ٚرحغ١ٓ اعزخذاَ ػشض إٌطبق اٌزشددٞ ٌؼذد ِٓ 575%(، ٌٍٚف١ذ٠ٛ ثٕغجخ )052)

%(، 0.7.5%(، ٌٍٚف١ذ٠ٛ ثٕغجخ )022د الأزشٔذ ثٕغجخ)اٌّغزخذ١ِٓ ٌٍصٛد ػجش ثشٚرٛوٛلا

ِمبسٔخ ِغ ػذَ اعزخذاَ رج١ّغ إٌبللاد، ٚا٠ضب رحغ١ٓ اٌىفبءح اٌط١ف١خ ٌؼذد ِٓ اٌّغزخذ١ِٓ 

%(، ٠ٚمًٍ ا٠ضب ِٓ 75.7%(، ٌٍٚف١ذ٠ٛ ثٕغجخ )50ٌٍصٛد ػجش ثشٚرٛوٛلاد الأزشٔذ ثٕغجخ )

%(، 77ٛد ػجش ثشٚرٛوٛلاد الأزشٔذ ثٕغجخ )ِزٛعط اداء اٌزأخ١ش ٌؼذد ِٓ اٌّغزخذ١ِٓ ٌٍص

 %(، ثبٌّمبسٔخ  ِغ ػذَ اعزخذاَ رم١ٕخ رج١ّغ إٌبللاد.70ٌٍٚف١ذ٠ٛ ثٕغجخ )
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CHAPTER ONE 

INTRODUCTION 

 

In this chapter a background of cellular systems and primary aspects of the 

project will be presented. 

1.1 Preface  

Within thirty years a big step in communication systems has been done. 

Going from the First Generation (1G) to the fourth made possible more and 

more services available on the mobile phones. This evolution has been 

obtained due to the digitalization of the information and the updating of the 

used technology [1].  

The first Generation was implemented around 1970s and it was launched in 

United States as First Generation of mobile system. It was based on frequency 

division multiple access (FDMA) technology and it was a system which 

allowed users to make voice call within one country. No data traffic was 

available yet, the voice itself was the main traffic [2]. 

At the end of 1980s the Second Generation (2G) was developed. 

Digitalization of the control link between mobile and base station and 

digitalization of the voice signal were the most advanced characteristics. The 

new system provided better quality and higher capacity. Global system for 

mobile communications (GSM) and general packet radio service (GPRS) were 

the services available and time division multiple access (TDMA) the 

technology used [3]. 
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The first Third Generation (3G) network was deployed in Japan in 2001. The 

systems in this standard are an update from 2G, going from circuit switched 

nodes to packet oriented nodes. The advantages of 3G systems are mainly the 

increase of available bandwidth per single user and the possibility to have 

multimedia entertainment services on the mobile phones. A lot of technology 

are being standardized for the 3G system all around the World, but the most 

important change comparing with the 2G is the use of code division multiple 

access (CDMA) as access technology. Regarding the 3G, some of the services 

have been standardized are enhanced data rates for global evolution (EDGE) 

and universal mobile telecommunications system (UMTS) [4]. 

Looking forward for the 4G Communication System, its services are the 

advanced version of the 3G services. The 4G services are expected to be 

broadband, with large capacity, with high-speed transmission and to provide 

optimum services everywhere and anywhere. Going from 3G to 4G, the 

infrastructure will have only packet switched traffic also named as all-IP. 

Voice, data and multimedia application all on the same Communication 

System. The 4G systems are OFDM-based system, which is a technology that 

increases the system capacity and the spectrum utilization in order to have a 

wide band communication. The technologies which are considered to be pre-

4G are WiMax and 3GPP LTE [1][5]. 

 

1.2 problem statement 

In today‟s wireless communication systems, it is required to view video, 

listen to audio, browse the internet, upload media and use cloud-based services 

that will make high demands of data rates. However, it is very difficult to 

achieve such high data rates using conventional Communication method 

without increasing the bandwidth. When the numbers of users sharing one 
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band are increased, there may be not sufficient bandwidth to offer the required 

data rate to each one, while there is unused bandwidth in other or same band. 

There is need for new scheme to effectively utilizing the available bandwidth 

in same or different frequency bands.   

     1.3 Proposed Solution 

In order to achieve higher data rates and efficiently utilize the available 

resources, techniques such as joint carrier aggregation with scheduling 

algorithm will be examined in this project. 

       1.4 Research Objectives 

The aim of this research to investigate the transmit of multi-services, such as 

video and VoIP, with high QOS by using joint carrier aggregation and scheduling 

algorithm. 

In order to evaluate the effectiveness of the proposed schemes a simulation 

code written in MATLAB is used considering the following performance 

metrics 

  Increase throughput.  

  Improve bandwidth utilization.  

  Increase spectral efficiency.  

  Decrease delay. 

1.5 Methodology 

        This research has gone through multiple phases which are:  

 Phase 1: general data collected about the research such as LTE&LTE-A and 

their features , technologies, multiple access technique applied in 

LTE&LTE-A such as OFDM and OFDMA, carrier aggregation, scheduling 

algorithm.  
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 Phase 2: Mathematical representation of performance metrics such as 

throughput, delay, bandwidth utilization and Spectral efficiency are 

constructed. 

 Phase 3: MATLAB code simulates the relationship between the system 

parameters and performance metrics such throughput, bandwidth utilization, 

Spectral Efficiency and delay with carrier aggregation and without carrier 

aggregation was written. 

 Phase 4: Results from simulation obtained, and then the thesis is written. 

1.6 Thesis Outlines 

This thesis will consist of five chapters their details are as follows: 

 Chapter one: presents background of cellular systems and the primary 

aspects of the project. 

 Chapter two: shows the necessary theoretical aspects of this project 

such as LTE, LTE-Advanced, their features and technologies. 

 Chapter three: gives the mathematical expressions used to explain the 

concepts of scheduling technique and Carrier Aggregation. 

 Chapter four: presents the simulation process and resulting graphs for 

joint Carrier Aggregation and scheduling. 

 Chapter five: concludes the project and proposes some subjects that 

can be investigated for a future work. 
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1.7 Summary 

This chapter clarified the problem statements and its proposed 

solution and the main objective of the project, the literature review and LTE 

Advanced features and technologies will be shown in the next chapter. 

  

 


