
 

Sudan University of Science and Technology 

College of Engineering 

School of Electronics Engineering 
 

 

Performance Analysis of OFDMA System in 

Multi-User Environments 

 

A Research Submitted in Partial fulfillment for the Requirements of the 

Degree of B.Eng. (Honors) in Electronics Engineering 

Group No: B.Eng 23 

 

Prepared by: 

1. AbdulRahman Tawfig Muhammad Othman  (Computer and 

Networks) 

2. Ayoub Osman Ibrahim Abdalla (Computer and Networks) 

3. Ibrahim Mohammed Babiker DaffaAllah (Industrial) 

4. Kamal Ali Alzubair Salih (Computer and Networks) 

5. Obada Idris Abas Ali (Computer and Networks) 

 

Supervised by: 

Prof. Rashid A.Saeed 

January 2025 



 بسم الله الرحمن الرحيم

 

 

 ق ال تعالى :

وق ل اعملوا فسيرى الله عملكم ورسوله والمؤمنون وستردون  )
  إلى عالم الغيب والشهتدة فينبئكم بما كنتم تعملون (

 

 ( 501) سورة التوبة الآيه                                                        
 

 

 



III 
 

DEDICATION 

 

 

 

 

 

 

“In honor of all who strive to overcome obstacles in their pursuit 

of dreams” 

 

 

 

 

 

 

 

 

 

 

 



IV 
 

ACKNOLEDGMENTS 

 

First and foremost, we would like to express our deepest gratitude to 

Allah for granting us the strength, wisdom, and guidance throughout this 

research journey. We extend our heartfelt appreciation to our supervisor, 

Prof. Rashid, for their invaluable guidance and insights; your mentorship 

has been instrumental in shaping this project. 

We are profoundly thankful to our families for their unwavering 

support, love, and encouragement. Your belief in us has been a constant 

source of motivation. We also want to thank everyone who contributed to 

this project—friends, colleagues, and all those who provided support along 

the way. Your contributions are deeply appreciated. 

Finally, we want to take a moment to acknowledge and appreciate 

our own efforts throughout this journey. The dedication, time, and energy 

we invested in this project reflect our commitment to growth and learning. 

Facing challenges has not always been easy, but each obstacle has taught us 

valuable lessons and strengthened our resolve. We are proud of the 

perseverance we demonstrated and the creativity we brought to problem-

solving. This experience has not only expanded our knowledge but has also 

deepened our understanding of our capabilities. Recognizing our efforts 

allows us to celebrate our achievements and motivates us to continue 

striving for excellence in all our endeavors. 

Thank you all for being part of this journey. 

 



V 
 

ABSTRACT 

 

This project presents a comprehensive performance analysis of an 

Orthogonal Frequency Division Multiple Access (OFDMA) system in 

multi-user environments. The study investigates the impact of user 

mobility, varying signal-to-noise ratios (SNR), and different channel 

conditions on key performance metrics, including Bit Error Rate (BER), 

throughput, and spectral efficiency. The analysis differentiates between 

static and mobile users, highlighting how mobility introduces challenges 

such as the Doppler Effect and increased interference, which lead to 

performance degradation. 

In static scenarios, users experience a stable channel environment 

that results in lower BER and higher throughput as SNR improves. 

However, in mobile scenarios, the BER tends to be higher, particularly at 

lower SNR values, due to the unpredictable nature of signal fluctuations 

caused by user movement. This variability adversely affects throughput and 

spectral efficiency, making it crucial to implement effective resource 

allocation and management strategies. 

The findings underscore the importance of optimizing system 

performance in diverse user conditions, emphasizing that while static users 

benefit from consistent channel quality, mobile users require adaptive 

techniques to mitigate the adverse effects of mobility. Overall, this research 

contributes valuable insights into enhancing OFDMA system performance 

in real-world applications, ensuring efficient communication in both static 

and dynamic environments. 
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 المستخلص

 

ٍقذو ْزا انًششوع ححهَم أداء شبيم نُظبو انوصول انًخؼذد بواسطت حقسَى انخشدداث 

فٌ بَئبث يخؼذدة انًسخخذيٍَ. ٍسخقصٌ انبحث حأثَش حشكت انًسخخذيٍَ،  (OFDMA) انًخؼبيذة

، وظشوف انقُبة انًخخهفت ػهي يإششاث الأداء (SNR) الإشبسة ئني انضوضبءوحفبوث َسبت 

، وسؼت انبَبَبث، وكفبءة انطَف. ًٍَض انخحهَم بٍَ (BER) انشئَسَت، بًب فٌ رنك َسبت خطأ انبج

انًسخخذيٍَ انثببخٍَ وانًخحشكٍَ، يشذداً ػهي كَفَت ئدخبل انحشكت نخحذٍبث يثم حأثَش دوبهش وصٍبدة 

 يسخقشة قُبة بَئت انًسخخذيوٌ ٍواخّ انثببخت، انسَُبسٍوْبث فٌ. يًب ٍإدً ئني حذْوس الأداء انخذاخم،

 انسَُبسٍوْبث فٌ رنك، ويغ. SNR ححسٍَ يغ انبَبَبث سؼت وصٍبدة BER اَخفبض ئني حإدً

 غَش انطبَؼت بسبب انًُخفضت، SNR قَى ػُذ خبصت الاسحفبع، ئني BER حًَم انًخحشكت،

 انبَبَبث سؼت ػهي سهببً انخقهببث ْزِ حإثش. انًسخخذيٍَ حشكت ػٍ انُبحدت الإشبسة نخقهببث انًخوقؼت

 .انُظبو وئداسة انًواسد نخخصَص فؼبنت اسخشاحَدَبث حُفَز انضشوسً يٍ ٍدؼم يًب انطَف، وكفبءة

 ػهي يشذدة انًخُوػت، انًسخخذيٍَ ظشوف فٌ انُظبو أداء ححسٍَ أًَْت ػهي انضوء انُخبئح حسهط

 انًخحشكوٌ انًسخخذيوٌ ٍحخبج بًَُب انًسخقشة، انقُبة خودة يٍ ٍسخفَذوٌ انثببخٍَ انًسخخذيٍَ أٌ

 سؤى حقذٍى فٌ انذساست ْزِ حسبْى ػبو، بشكم. نهحشكت انسهبَت اُثبس يٍ نهخخفَف حكَفَت حقَُبث ئني

 يٍ كم فٌ فؼبنت احصبلاث ٍضًٍ يًب انواقؼَت، انخطبَقبث فٌ OFDMA َظبو أداء نخؼضٍض قًَت

 .وانذٍُبيَكَت انثببخت انبَئبث
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CHAPTER 1  

INTRODUCTION 

1.1 Overview 

Wireless traffic will significantly grow in the next few years. Cisco 

expects 71% mobile connectivity by 2023 [1]. Applications are needed for 

interaction between the system and the user. Multimedia support is 

necessary not only for acquisition and presentation of video, speech, and 

data but also for coding/ decoding for efficient transmission through the 

wireless network [2]. 

Mobile users are unable to directly communicate with each other 

because of the limited coverage area of the base stations. The core network 

routes data traffic between sources and destinations placed close to each 

other. Due to this inflexibility, data exchange between users is limited. 1G: 

First wireless communication appeared in the early 1980s and supported 

data rates of 2.8kbps. 2G: Cellular phones of the second generation were 

digitalized. It was introduced, during the late 1990s. 2.5G: An additional 

generation, 2.5G, was introduced between 2G and 3G. The network was 

capable of 200Kbps data transmission and used GPRS and EDGE 

technology. 3G: It came into existence in late 2000. It has also supported 

services with increased voice quality and contributes to improved quality 

management. 3.5G: 3.5G is a new generation that fell between 3G and 4G 

and utilized technologies like HSUPA and HSDPA as well as EVDO to 

provide faster data rates than 3G. 4G: This generation provides an increase 
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in data rates. IP (Internet Protocol) is the protocol that underlies the 4G 

network. 5G: It is the next generation of WCN. In the near future, 4G 

networks will effectively be replaced with 5G so that high data rates can be 

offered to users [3]. 

Orthogonal Frequency Division Multiplexing is a special form of 

multicarrier modulation which is particularly suited for transmission over a 

dispersive channel. Here the different carriers are orthogonal to each other 

that is they are totally independent of one another. This is achieved by 

placing the carrier exactly at null in modulation spectra of each other [4]. 

OFDMA is a multi-user version of the popular OFDM digital 

modulation scheme. For achieving multiple accesses subsets of subcarriers 

are provided to the individual users in OFDMA. This allows simultaneous 

low data rate transmission from several users. OFDMA is also a candidate 

access method for the IEEE 802.22 Wireless Regional Area Networks 

(WRAN). FDMA also supports demand assignment with fixed assignment. 

Demand assignment allows all users apparently continuous access of the 

radio spectrum by assigning carrier frequencies on a temporary basis using 

a statistical assignment process. Single-carrier FDMA (SC-FDMA) is a 

kind of FDMA scheme, which is basically a multi-user version of Single-

carrier Frequency-Domain-Equalization (SC-FDE) modulation scheme. 

One prominent advantage over conventional OFDM and OFDMA is that 

the SC-FDE and LP-OFDMA/SC-FDMA signals have lower peak-to 

average power ratio (PAPR) because of its inherent single carrier structure 

[5]. 
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1.2 Problem Statement 

The rapid growth of wireless communication technologies has driven 

the demand for high-speed, reliable, and efficient communication systems. 

Orthogonal Frequency Division Multiple Access (OFDMA) has emerged as 

a key technique in modern wireless networks, such as 4G LTE and 5G, due 

to its ability to support multiple users simultaneously, provide robust 

performance in multipath environments, and enhance spectral efficiency. 

However, the design and performance evaluation of OFDMA systems 

require a deep understanding of its various components and their 

interactions within a dynamic wireless environment. 

1.3 Aim and Objectives 

This project aims to address these challenges including the efficient 

allocation of subcarriers, managing interference among users, and 

maintaining signal integrity in the presence of noise and fading. Moreover, 

the evaluation of OFDMA systems' performance under different scenarios 

is crucial for optimizing system design and ensuring reliable 

communication by designing an OFDMA system using MATLAB and 

conducting a comprehensive performance evaluation. 

The objectives of this work can be summarized as the following: 

1. To create a detailed design of an OFDMA system that includes 

key components such as modulation, subcarrier allocation, 

channel modeling, and cyclic prefix insertion. 
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2. To implement the designed OFDMA system in MATLAB, 

utilizing its built-in communication system toolboxes to model 

and simulate the system. 

3. To evaluate the performance of the OFDMA system using 

metrics such as Bit Error Rate (BER), Signal-to-Noise Ratio 

(SNR), throughput, and spectral efficiency under various 

channel conditions. 

1.4 Scope 

The scope of this project encompasses the design, simulation, and 

performance evaluation of an Orthogonal Frequency Division Multiple 

Access (OFDMA) system using MATLAB. This section outlines the 

specific boundaries, objectives, and deliverables of the project to ensure a 

focused and manageable research effort. The primary objectives of the 

project are detailed in the previous section. 

The project will focus on the following components of the OFDMA 

system: Modulation Technique: Selection and implementation of digital 

modulation schemes, such as Quadrature Amplitude Modulation (QAM) 

and Phase Shift Keying (PSK), which are suitable for OFDMA. Subcarrier 

Allocation: Development of algorithms for efficient subcarrier allocation 

among multiple users to maximize spectral efficiency and minimize 

interference. Channel Modeling: Incorporation of realistic wireless channel 

models, including Additive White Gaussian Noise (AWGN) and multipath 

fading models like Rayleigh and Rician fading, to simulate the operating 

environment. Cyclic Prefix (CP) Insertion: Implementation of CP to 
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mitigate inter-symbol interference (ISI) and maintain the orthogonality of 

subcarriers. 

The project will evaluate the OFDMA system's performance based on 

the following metrics: Bit Error Rate (BER): Analyzing the error 

performance of the system as a function of SNR. Signal-to-Noise Ratio 

(SNR): Measuring the quality of the received signal and its impact on data 

integrity. Throughput: Calculating the effective data transmission rate and 

system capacity in different scenarios. Spectral Efficiency: Assessing the 

efficient use of bandwidth resources in the OFDMA system. 

The scope includes simulating the OFDMA system under various 

scenarios to understand its performance: Varying SNR Levels: Simulating 

the system performance across a range of SNR values to determine its 

robustness to noise. Different Channel Conditions: Evaluating the system 

under different fading environments, such as Rayleigh and Rician channels. 

User Distribution: Testing the impact of varying the number of users and 

their distribution across subcarriers on system performance. 

While the project aims to comprehensively evaluate the OFDMA 

system, certain limitations are acknowledged: Scope of MATLAB 

Implementation: The project will focus on the capabilities provided by 

MATLAB and its toolboxes, which may limit the complexity of certain 

real-world scenarios. Channel Models: The project will consider common 

wireless channel models, but it will not cover every possible variation or 

extreme conditions that might be encountered in real-world deployments. 

Optimization Techniques: While some optimization will be explored, 

advanced techniques like machine learning-based optimization or real-time 

adaptive algorithms are beyond the project's scope. 
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The key deliverables of this project include: OFDMA System Design 

Documentation: A detailed design of the OFDMA system, including block 

diagrams, component descriptions, and design rationale. MATLAB 

Simulation Code: A fully functional MATLAB codebase that simulates the 

OFDMA system, complete with annotated code and user instructions. 

Performance Evaluation Report: A comprehensive report analyzing the 

performance of the OFDMA system, including graphs, tables, and a 

discussion of results. Conclusions and Recommendations: A final section 

in the report summarizing the findings, discussing limitations, and 

suggesting areas for future research. 

This scope ensures that the project remains focused on key aspects of 

OFDMA system design and performance evaluation, providing clear 

boundaries and deliverables while acknowledging the inherent limitations. 

1.5 Methodology 

 

The research methodology for this project on the design and 

performance evaluation of an Orthogonal Frequency Division Multiple 

Access (OFDMA) system using MATLAB is structured to systematically 

achieve the project's objectives. The methodology involves the following 

key phases: literature review, system design, simulation setup, performance 

evaluation, and analysis of results.  

Literature Review, The first phase of the research involves an 

extensive review of existing literature on OFDMA systems, with a focus on 

system design, modulation techniques, and performance metrics. This 

review will provide a foundation for understanding the current state of 
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OFDMA technology and identifying gaps that this project aims to address. 

Key sources will include academic papers, technical standards (such as 

those from IEEE), and relevant textbooks. The literature review will also 

cover MATLAB as a tool for simulating and analyzing communication 

systems.  

System Design, Based on insights from the literature review, the next 

phase involves the design of the OFDMA system. This design phase will 

focus on: Modulation Schemes: Selection of appropriate modulation 

techniques (e.g., QAM, PSK) for the OFDMA system. Subcarrier 

Allocation: Implementation of subcarrier allocation algorithms to 

efficiently assign subcarriers to different users. Channel Model: 

Incorporation of realistic wireless channel models (e.g., AWGN, Rayleigh 

fading) to simulate the conditions under which the OFDMA system will 

operate. Cyclic Prefix (CP) Addition: Designing the CP mechanism to 

combat inter-symbol interference. MATLAB will be used to develop a 

simulation model that encapsulates these design elements. Each component 

of the OFDMA system will be modeled as a separate module, enabling 

modular testing and debugging.  

Simulation Setup, In the simulation setup phase, the designed 

OFDMA system will be implemented in MATLAB. The setup will include: 

Simulation Environment: Configuring the MATLAB environment and 

toolboxes required for communication system design and analysis. 

Parameter Configuration: Defining system parameters such as the number 

of subcarriers, modulation order, SNR range, and user distribution. Test 

Scenarios: Developing different test scenarios to evaluate the system's 

performance under various conditions, such as varying SNR levels, user 
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mobility, and different channel fading models. The simulation will be 

executed multiple times to gather sufficient data for analysis, ensuring the 

robustness of the results.  

Performance Evaluation, The performance of the OFDMA system 

will be evaluated using key metrics, including: Bit Error Rate (BER): 

Measuring the rate of errors in the transmitted data as a function of SNR. 

Signal-to-Noise Ratio (SNR): Evaluating the quality of the received signal 

relative to noise. Throughput: Calculating the effective data transmission 

rate, considering the system's ability to handle multiple users 

simultaneously. Spectral Efficiency: Assessing how effectively the system 

utilizes the available bandwidth. MATLAB scripts will be used to automate 

the calculation of these metrics and to generate plots that illustrate the 

system's performance. 

Analysis of Results, in the final phase, the results from the simulation 

will be analyzed to identify trends, patterns, and performance bottlenecks. 

This analysis will involve: Comparative Analysis: Comparing the 

performance of the designed OFDMA system against theoretical 

expectations and results from the literature. Sensitivity Analysis: Examining 

how changes in system parameters (e.g., modulation order, number of 

users) impact performance. Optimization: Identifying potential areas for 

optimization in the OFDMA system design based on the performance 

evaluation results. The findings from this analysis will be documented, 

highlighting the strengths and limitations of the designed system. 

Recommendations for further research and potential improvements will also 

be provided. 
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1.6 Thesis Outlines: 

This research contains five chapters and is divided as follows: 

Chapter 1: introductory chapter that discusses the importance of the 

research and describe the problem, proposed solution, aims and the method 

used in this study. 

Chapter 2: presents the background information related to the 

proposed system including Orthogonal Frequency Division Multiple Access 

(OFDMA). In addition, previous works and rehabilitation solutions are 

introduced. 

Chapter 3: this chapter covers a detailed overview of the architecture, 

design and simulation of the proposed system. Moreover, the software that 

is used is explained. 

Chapter 4: it presents and describes the performance of the proposed 

system and the results achieved by this work. In addition, a discussion of 

these findings and results is provided. 

Chapter 5: concludes the thesis and provides suggestions for future 

work. 
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CHAPTER 2  

LITREATURE REVIEW 

This chapter starts with an overview about Multiple Access Wireless 

Networks in section 2.1. Section 2.2 gives introduction about OFDMA 

system. Section 2.3 explains how we can use MATLAB in wireless system 

design. Also explains challenges in OFDMA system design in Section 2.4. 

Section 2.5 gives overview about applications of OFDMA system. Section 

2.6 clarifies future direction of OFDMA system. Lastly in Section 2.7 the 

related work was written based on scientific ten papers. 

2.1 Introduction to Multiple Access Wireless Networks 

Multiple access wireless networks allow multiple users to share the 

same communication medium, such as radio spectrum, without causing 

significant interference to each other. This is achieved through various 

multiple access techniques like Frequency Division Multiple Access 

(FDMA), Time Division Multiple Access (TDMA), Code Division Multiple 

Access (CDMA), and Orthogonal Frequency Division Multiple Access 

(OFDMA). These techniques enable efficient utilization of the available 

spectrum, which is crucial in meeting the growing demand for wireless 

communication services [6]. 
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2.1.1 Frequency Division Multiple Access (FDMA): 

FDMA is one of the earliest multiple access techniques used in 

wireless networks. In FDMA, the available frequency band is divided into 

several non-overlapping frequency channels, each assigned to a different 

user. This technique is straightforward and effective for low-data-rate 

communication systems. However, it is not suitable for high-data-rate 

systems due to its limited spectral efficiency. The main challenge with 

FDMA is the need for precise frequency allocation and management to 

avoid interference[7]. 

 

Figure ‎2-1 FDMA block diagram 

The FDMA system can be explained using a block diagram Figure 

2.1 that includes the following key components[8]: 

1. Transmitter Side: 

 Data Source: The initial input is the data signal that needs to be 

transmitted. 

 Modulator: The data signal is modulated using a specific 

modulation technique (e.g., Frequency Modulation, FM) to 

convert the data into a format suitable for transmission. 
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 Frequency Synthesizer: This component generates a carrier 

frequency for each user. The carrier frequencies are spaced 

sufficiently apart to avoid overlap. 

 Multiplexer: Multiple modulated signals are combined into a 

single composite signal by assigning each signal to a different 

frequency band. 

2. Channel: The combined signal is transmitted over the communication 

channel. The channel may introduce noise and other impairments. 

3. Receiver Side: 

 Demultiplexer: The received composite signal is separated 

into individual frequency bands. This process is known as 

demultiplexing. 

 Band pass Filter: Each frequency band is passed through a 

band pass filter to isolate the signal corresponding to a 

particular user. 

 Demodulator: The isolated signal is demodulated to recover 

the original data. 

 Data Output: The recovered data is sent to the intended 

recipient. 

FDMA allows multiple users to share the same communication 

channel by assigning them different frequency bands within the available 

spectrum. Each user transmits data at a specific frequency that does not 

interfere with others. The frequency synthesizer at the transmitter ensures 

that each user’s signal occupies its designated frequency slot. At the 
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receiver, a demultiplexer separates the combined signal into individual 

frequency components, which are then filtered and demodulated to retrieve 

the original data. 

2.1.2 Time Division Multiple Access (TDMA) 

TDMA divides the available bandwidth into time slots, and each user 

is assigned a specific time slot for transmission. This method increases the 

capacity of wireless networks compared to FDMA by allowing multiple 

users to share the same frequency band but at different times. TDMA is 

used in several standards, such as GSM for mobile communications. 

However, the synchronization of time slots and the need for guard times 

between slots are significant challenges in TDMA-based systems[9]. 

 

Figure ‎2-2 TDMA Block Diagram 
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The TDMA system can be represented with the following key 

components in its block diagram [10]: 

1. Transmitter Side: 

 Data Source: The data to be transmitted originates from 

multiple users. 

 Multiplexer (Time Slot Allocator): The data from each user is 

assigned to a specific time slot. The multiplexer ensures that 

each user's data is transmitted in the correct sequence during its 

allocated time slot. 

 Modulator: The time-multiplexed data is then modulated using 

a suitable modulation technique (e.g., PSK, QAM) for 

transmission over the communication channel. 

 Frame Generator: The modulated signals are organized into 

frames, with each frame consisting of a series of time slots 

allocated to different users. 

2. Channel: The frames are transmitted over a shared communication 

channel. Since each user transmits in their allocated time slot, there is 

no overlap in transmission, and users do not interfere with each other. 

3. Receiver Side: 

 Frame Synchronizer: The receiver synchronizes with the 

incoming frame structure to correctly identify the start and 

end of each time slot. 
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 Demultiplexer: The receiver separates the time-multiplexed 

data based on the time slots and forwards the data to the 

appropriate users. 

 Demodulator: The separated data is demodulated to recover 

the original information. 

 Data Output: The demodulated data is delivered to the 

corresponding user. 

TDMA operates by dividing a single frequency channel into multiple 

time slots. Each user is assigned a specific time slot within a frame during 

which they can send or receive data. This time-based allocation allows 

multiple users to share the same frequency channel without interfering with 

one another. The multiplexer at the transmitter ensures that the data from 

different users is organized into distinct time slots. At the receiver, a 

demultiplexer separates the data based on these time slots. 

2.1.3 Code Division Multiple Access (CDMA) 

CDMA allows multiple users to share the same frequency band 

simultaneously by assigning a unique code to each user. The users' signals 

are spread across the entire frequency band, and the unique code helps to 

separate the signals at the receiver. CDMA is highly resistant to interference 

and multipath fading, making it suitable for mobile communication 

environments. However, the system complexity and the need for precise 

power control are major concerns in CDMA networks [11]. 
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Figure ‎2-3 CDMA Block Diagram 

The CDMA system can be represented with the following key 

components in its block diagram 

1. Information Source: The user data or information signal that needs to 

be transmitted. 

2. Encoder: This block encodes the user information using forward error 

correction (FEC) to protect the data against errors during 

transmission. 

3. Spreader: The encoded signal is multiplied by a unique pseudo-

random code sequence. This code sequence spreads the signal across 
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a wider bandwidth. Each user has a unique code, which allows 

multiple users to share the same frequency band without interference. 

4. Modulator: The spread signal is then modulated using a carrier 

frequency. Common modulation schemes used in CDMA include 

BPSK (Binary Phase Shift Keying) or QPSK (Quadrature Phase Shift 

Keying). 

5. Transmission Channel: The modulated signal is transmitted over the 

air via the transmission medium, which can be subject to noise, 

interference, and multipath fading. 

6. Receiver: At the receiver's end, the signal undergoes demodulation to 

retrieve the spread signal. 

7. Despreader: The despreader multiplies the received signal by the 

same pseudo-random code used at the transmitter. This operation 

reverses the spreading process, recovering the original user signal. 

8. Decoder: The despread signal is decoded using FEC decoding to 

correct any errors introduced during transmission. 

9. Information Sink: Finally, the recovered signal is passed to the 

information sink, which is the end user or application. 

The CDMA system, as illustrated in the block diagram, is 

fundamentally based on the principle of spread spectrum technology. In this 

system, each user is assigned a unique spreading code, which helps in 

spreading the user's signal across a wider frequency spectrum. This 

technique allows multiple users to share the same frequency band without 

interfering with each other. The spread signal is then modulated and 

transmitted over the wireless channel, where it is received and processed by 
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the receiver to retrieve the original information. This process allows 

multiple users to communicate simultaneously over the same frequency 

band without significant interference, making CDMA a key technology in 

wireless communication systems. 

2.1.4 Orthogonal Frequency Division Multiple Access (OFDMA) 

OFDMA is an advanced multiple access technique used in modern 

wireless communication systems, such as 4G LTE and WiMAX. It divides 

the frequency band into numerous orthogonal sub-carriers, which are 

allocated to different users. The orthogonality of sub-carriers minimizes 

interference, making OFDMA highly efficient in terms of spectral 

efficiency. OFDMA is particularly effective in environments with high data 

rate requirements and diverse quality of service (QoS) needs [12]. 

2.1.5 Comparison of Multiple Access Techniques 

Each multiple access technique has its strengths and weaknesses. 

FDMA and TDMA are simpler and easier to implement but are less 

efficient in terms of spectral usage. CDMA offers better interference 

resistance and can handle more users simultaneously, but it is more 

complex and requires careful power control. OFDMA provides the best 

spectral efficiency and is well-suited for modern high-speed data networks, 

but it requires more sophisticated hardware and software for 

implementation [13]. 
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2.1.6 Applications and Future Trends 

Multiple access techniques are integral to the operation of various 

wireless communication systems, including cellular networks, satellite 

communications, and wireless local area networks (WLANs). The choice of 

multiple access technique depends on the specific application requirements, 

such as data rate, user density, and mobility. As wireless communication 

technologies evolve, new multiple access techniques, such as Non-

Orthogonal Multiple Access (NOMA), are being developed to meet the 

increasing demand for higher data rates and more efficient spectrum 

utilization in 5G and beyond [14]. 

2.2 Orthogonal Frequency Division Multiple Access 

(OFDMA) 

OFDMA (Orthogonal Frequency Division Multiple Access) is a 

multi-access version of the OFDM (Orthogonal Frequency Division 

Multiplexing) technique. It allows multiple users to share the same 

frequency band by dividing the band into numerous sub-carriers. Each sub-

carrier is orthogonal to others, which minimizes interference and allows for 

efficient utilization of the spectrum. This makes OFDMA an essential 

component of modern wireless communication standards such as LTE and 

WiMAX[15]. 

2.2.1 Key Components of an OFDMA System 

An OFDMA system consists of several critical components, 

including the transmitter, receiver, and channel models. At the transmitter, 
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data is modulated using schemes like QAM (Quadrature Amplitude 

Modulation) and then divided among multiple sub-carriers. The receiver 

performs tasks such as demodulation, channel estimation, and equalization. 

A robust channel model, typically including multipath fading and noise, is 

essential to accurately simulate real-world conditions in an OFDMA 

system[16]. 

 

Figure ‎2-4 block diagram of an OFDMA system 

The OFDMA block diagram (Figure 2.4) provides a structured view 

of the various processes involved in transmitting and receiving data in an 

OFDMA system. Each block plays a critical role in ensuring that the system 

can efficiently and reliably handle multiple users and varying channel 

conditions. 

2.2.1.1 Input Data 

The input data represents the user data or information bits that need 

to be transmitted over the communication channel. This data is typically in 

binary form and is the starting point of the OFDMA transmission process. 
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The input data is first segmented into smaller blocks, each corresponding to 

a specific user in the OFDMA system [17]. 

2.2.1.2 Modulation 

Once the data is segmented, each block of data is independently 

modulated using a digital modulation scheme such as Quadrature 

Amplitude Modulation (QAM) or Phase Shift Keying (PSK). Modulation is 

the process of mapping the binary data onto a complex signal constellation, 

which will later be transmitted over the subcarriers. The choice of 

modulation scheme impacts the system's data rate and robustness to 

noise[18] 

2.2.1.3 Inverse Fast Fourier Transform (IFFT) 

The modulated data symbols are then passed through an Inverse Fast 

Fourier Transform (IFFT) block. The IFFT operation converts the 

frequency-domain symbols into time-domain signals, effectively generating 

the OFDM symbols. This step ensures that the data symbols are spread 

across multiple orthogonal subcarriers, enabling efficient utilization of the 

available bandwidth [19]. 

2.2.1.4 Cyclic Prefix (CP) Insertion 

To combat inter-symbol interference (ISI) caused by multipath 

propagation, a cyclic prefix (CP) is added to each OFDM symbol. The CP 

is a copy of the last part of the OFDM symbol, which is prepended to the 

symbol before transmission. This addition helps in maintaining the 
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orthogonality of the subcarriers and simplifies the receiver design by 

allowing the use of a single-tap equalizer[20]. 

2.2.1.5 OFDMA Transmitter 

The output of the CP insertion block is fed into the OFDMA 

transmitter, where the time-domain signals are converted into analog signals 

using a digital-to-analog converter (DAC). These analog signals are then 

transmitted over the wireless channel. The OFDMA transmitter ensures that 

the signals corresponding to different users are transmitted on their 

respective subcarriers, minimizing interference and maximizing spectral 

efficiency [17]. 

2.2.1.6 Wireless Channel 

The wireless channel is the medium through which the OFDMA 

signals travel from the transmitter to the receiver. The channel introduces 

various impairments such as noise, fading, and interference, which can 

degrade the quality of the received signal. Understanding the characteristics 

of the wireless channel is crucial for designing robust OFDMA systems 

[21]. 

2.2.1.7 OFDMA Receiver 

At the receiver end, the analog signals are converted back into digital 

form using an analog-to-digital converter (ADC). The OFDMA receiver 

performs the reverse operations of the transmitter, including removing the 

cyclic prefix, applying Fast Fourier Transform (FFT), and demodulating the 
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data. The goal of the receiver is to accurately recover the original input 

data, despite the distortions introduced by the channel [19]. 

2.2.1.8 Output Data 

The final stage of the OFDMA system is the reconstruction of the 

original input data. After demodulation and error correction, the data blocks 

corresponding to each user are recombined to form the complete output 

data. The quality of the output data is a key indicator of the system's 

performance [20]. 

2.2.2 Advantages of OFDMA 

The primary advantage of OFDMA over traditional single-carrier 

systems is its ability to support multiple users with different data rate 

requirements simultaneously [22]. The orthogonality of sub-carriers in 

OFDMA reduces the interference between users, leading to higher spectral 

efficiency. Additionally, OFDMA can effectively mitigate the effects of 

multipath fading, which is a common issue in wireless communication [23]. 

2.3 MATLAB in Wireless System Design 

MATLAB is extensively used for the simulation and design of 

wireless communication systems, including OFDMA. It provides a 

comprehensive set of tools for signal processing, algorithm development, 

and performance analysis. MATLAB’s Communication System Toolbox 

includes functions for modulation, channel coding, and MIMO (Multiple 

Input Multiple Output) systems, making it ideal for designing and 
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evaluating OFDMA systems. Its visualization tools are crucial for analyzing 

system performance and identifying potential issues [24]. 

2.3.1 Designing an OFDMA System in MATLAB 

Designing an OFDMA system in MATLAB involves several steps, 

including parameter selection, system modeling, and performance 

evaluation. Parameters such as sub-carrier spacing, cyclic prefix length, and 

modulation schemes need to be carefully chosen based on the system 

requirements. MATLAB allows for detailed system modeling, from 

baseband signal processing to channel modeling, providing a flexible 

platform for iterative design and optimization [25]. 

2.3.2 Performance Metrics for OFDMA Systems 

Evaluating the performance of an OFDMA system involves 

analyzing several metrics, such as Bit Error Rate (BER), throughput, and 

latency [26]. These metrics are influenced by factors such as modulation 

scheme, coding technique, and channel conditions. MATLAB’s simulation 

environment enables the analysis of these metrics under various scenarios, 

helping to optimize system design. For example, BER can be plotted 

against Signal-to-Noise Ratio (SNR) to evaluate system robustness under 

different noise levels [27]. 

2.4 Challenges in OFDMA System Design 

Despite its advantages, OFDMA systems face several design 

challenges. These include the complexity of resource allocation algorithms, 
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the need for accurate channel estimation, and the management of 

interference in densely populated networks. Addressing these challenges 

often requires advanced techniques such as adaptive modulation, MIMO, 

and beamforming, all of which can be implemented and tested in MATLAB 

[28]. 

2.5 Applications of OFDMA 

OFDMA is used in a wide range of applications, from mobile 

broadband (such as LTE and 5G) to broadcasting and satellite 

communications. Its ability to efficiently manage spectrum and support high 

data rates makes it ideal for these applications. MATLAB simulations of 

OFDMA systems are used extensively in academia and industry to develop 

and test new algorithms that can improve performance in these [29]. 

2.6 Future Directions 

The future of OFDMA lies in its integration with next-generation 

wireless technologies, such as 5G and beyond. As wireless networks evolve 

to support higher data rates and lower latencies, OFDMA systems will need 

to adapt to these demands. Research is ongoing into areas such as massive 

MIMO, beamforming, and millimeter-wave communications, all of which 

can be explored using MATLAB simulations [30]. 
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2.7 Related Work 

Based on scientific ten papers, that help us by reading and analyzing 

the gap to start our research with strong and good ideas to reach a result that 

give a clear contribution. 

2.7.1 Digital Communications 

John G. Proakis.et.al, The book starts with an overview of digital 

communication systems, contrasting them with analog systems and 

discussing their advantages in terms of efficiency, noise immunity, and 

flexibility. The authors cover the basics of information theory, including 

entropy, mutual information, and channel capacity. This provides the 

foundation for understanding the limits of data transmission over 

communication channels. The book discusses source coding techniques that 

compress data without loss of information. Methods like Huffman coding 

and arithmetic coding are detailed. Various digital modulation schemes 

such as Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK), 

Phase Shift Keying (PSK), and Quadrature Amplitude Modulation (QAM) 

are explored.  

The performance of these schemes is analyzed in the presence of 

noise. Error detection and correction are critical in digital communications. 

The book covers linear block codes, cyclic codes, convolutional codes, and 

their decoding algorithms, emphasizing their role in improving system 

reliability. The concept of signal space is introduced to represent signals 

geometrically. This allows for the analysis of modulation schemes in terms 

of vector representations, which is essential for understanding the 

performance of communication systems in noise. The book examines the 
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transmission of digital signals over different types of channels. It discusses 

both baseband transmission (direct transmission without modulation) and 

band pass transmission (using modulation to shift the signal to higher 

frequencies). 

 The authors presents Techniques to combat inter symbol interference 

(ISI) in communication channels, such as equalization, are detailed. 

Adaptive equalization algorithms, which adjust themselves to the channel 

conditions, are also discussed. The book covers synchronization techniques 

that are essential for the proper functioning of digital communication 

systems. This includes carrier and symbol synchronization. The principles 

of spread spectrum techniques (like Direct Sequence Spread Spectrum and 

Frequency Hopping) are discussed. The book also covers multiple access 

techniques such as Time Division Multiple Access (TDMA), Frequency 

Division Multiple Access (FDMA), and Code Division Multiple Access 

(CDMA).In later chapters, the book delves into more advanced topics, 

including MIMO (Multiple Input Multiple Output) systems, fading 

channels, and the use of diversity techniques to improve communication 

reliability. The final sections discuss the application of digital 

communication principles in modern technologies, such as cellular 

networks, satellite communication, and broadband wireless systems. It also 

touches on the latest developments in the field. 

 Digital Communications" by Proakis and Salehi serves as a 

comprehensive guide to the field of digital communications, combining 

theoretical foundations with practical implementation strategies. It is widely 

used in academic settings and by engineers working in communications 
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technology, providing the necessary tools to understand and design modern 

digital communication systems [7]. 

2.7.2 Wireless Communications: Principles and Practice 

Theodore S. Rappaport.et.al, is a comprehensive textbook rather than 

a thesis. It provides an in-depth overview of the fundamental concepts and 

practical aspects of wireless communications.  Rappaport introduces the 

basic principles of wireless communications, including the evolution of 

wireless technologies and their applications in modern communication 

systems. The book covers key concepts such as radio wave propagation, 

modulation techniques, and signal processing. It explains how wireless 

signals travel through different environments and how they are affected by 

factors like multipath fading and interference. Rappaport discusses various 

wireless communication systems, including cellular networks, satellite 

communications, and wireless local area networks (WLANs). He also 

reviews the standards and protocols that govern these systems, such as 

GSM, CDMA, and IEEE 802.11.  

The book provides detailed coverage of channel modeling 

techniques, including statistical models and empirical measurements. 

Rappaport explores how these models are used to predict and analyze the 

performance of wireless systems. The text delves into advanced topics such 

as multiple-input multiple-output (MIMO) systems, orthogonal frequency-

division multiplexing (OFDM), and wireless network design. Rappaport 

examines the latest technological advancements and their impact on 

wireless communications. Rappaport also addresses practical aspects of 

wireless communication system design and implementation, including 
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antenna design, network planning, and optimization. The book concludes 

with a look at emerging trends and future directions in wireless 

communications, such as 5G technology and beyond.  

Overall, Rappaport’s textbook serves as a foundational resource for 

understanding the principles, technologies, and practices in the field of 

wireless communications. [9] 

2.7.3 Fundamentals of Wireless Communication 

David Tse.et.al, The book begins by setting the stage for the study of 

wireless communication, discussing its historical development and its 

importance in the modern world. It introduces the key challenges in 

wireless communication, such as the effects of mobility, multipath 

propagation, and interference. Tse and Viswanath provide an in-depth 

discussion of wireless channel models, focusing on the nature of fading, 

path loss, and shadowing. They explore large-scale path loss models, small-

scale fading models, and the statistical characterization of fading channels, 

including Rayleigh and Rician distributions. The authors cover the 

fundamentals of digital modulation schemes used in wireless 

communication, such as Binary Phase Shift Keying (BPSK), Quadrature 

Phase Shift Keying (QPSK), and Quadrature Amplitude Modulation 

(QAM).  

They also discuss the performance of these modulation schemes in 

terms of bit error rates in different channel conditions. The book examines 

various diversity techniques that help combat the detrimental effects of 

fading in wireless channels. These include time diversity, frequency 

diversity, and space diversity, with a particular emphasis on multiple 
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antenna systems, which are foundational for MIMO technology. A 

significant portion of the book is dedicated to MIMO (Multiple Input 

Multiple Output) systems, which are essential for increasing data rates and 

reliability in wireless communication. The authors discuss the principles of 

spatial multiplexing and diversity gain, as well as advanced concepts like 

capacity analysis and MIMO channel modeling. 

 The concept of channel capacity is explored extensively, building on 

Shannon’s information theory. The book covers the capacity of different 

types of channels, including AWGN channels, fading channels, and MIMO 

channels. The impact of bandwidth, power, and channel state information 

on capacity is analyzed. Orthogonal Frequency Division Multiplexing 

(OFDM), a key technology in modern wireless systems, is discussed in 

detail. The authors explain how OFDM mitigates the effects of multipath 

fading and efficiently utilizes bandwidth. They also cover the design and 

implementation of OFDM systems, including challenges like Peak-to-

Average Power Ratio (PAPR).  

The book delves into multiuser communication, discussing various 

multiple access techniques such as TDMA, FDMA, CDMA, and OFDMA. 

It also covers multiuser diversity and scheduling, emphasizing the trade-offs 

between throughput, fairness, and complexity. Resource allocation 

strategies are explored, focusing on how to optimally allocate power, 

bandwidth, and other resources in wireless systems to maximize efficiency 

and performance. The book covers water-filling algorithms and power 

control techniques, particularly in the context of fading channels and 

multiuser environments. 
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 Tse and Viswanath discuss spread spectrum techniques, particularly 

Code Division Multiple Access (CDMA), which is used to provide multiple 

access to users and resist interference. They explain how CDMA systems 

operate, including spreading, despreading, and the role of pseudo-random 

codes. The book includes a discussion on the design of wireless networks, 

focusing on cellular network architecture, interference management, and 

frequency reuse. It also covers the basic principles of wireless networking 

protocols and how they interact with physical layer considerations. In the 

final chapters, the book touches on advanced topics such as cooperative 

communication, cognitive radio, and network MIMO.  

It also discusses the future directions of wireless communication, 

including the transition to 5G and beyond. This book is a foundational text 

for anyone studying or working in the field of wireless communications. 

The book balances theoretical rigor with practical insights, providing a deep 

understanding of the principles that drive modern wireless communication 

systems. It is particularly noted for its clear exposition of complex topics 

such as MIMO, channel capacity, and multiuser communication, making it 

an essential resource for students, researchers, and professionals in the 

field.[6] 

2.7.4 Principles of Wireless Communication 

Andrea Goldsmith.et.al, they introduced a comprehensive textbook 

that serves as a foundational resource for understanding the theoretical and 

practical aspects of wireless communication systems.  The book begins with 

an overview of the wireless communication landscape, discussing the 

evolution of wireless technologies from early analog systems to modern 
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digital systems. It emphasizes the importance of wireless communication in 

enabling mobile connectivity and the Internet of Things (IoT). A detailed 

exploration of wireless channel characteristics is provided, including path 

loss, shadowing, and multipath fading. The book covers different types of 

channel models such as large-scale fading, small-scale fading, and Doppler 

effects, which are essential for designing and analyzing wireless 

communication systems.  

Goldsmith explains the various modulation schemes used in wireless 

communications, including Amplitude Modulation (AM), Frequency 

Modulation (FM), Phase Modulation (PM), and their digital counterparts 

like QPSK (Quadrature Phase Shift Keying) and QAM (Quadrature 

Amplitude Modulation). The book also covers the principles of 

demodulation and detection techniques. The concept of diversity, which is 

used to mitigate the effects of fading, is discussed in depth.  

The book covers various diversity techniques such as time diversity, 

frequency diversity, and spatial diversity (including MIMO - Multiple Input 

Multiple Output systems). Error control coding techniques are essential for 

reliable communication. The book covers channel coding methods such as 

convolutional codes, block codes, and turbo codes, along with their 

decoding algorithms. It emphasizes the role of these techniques in 

improving the robustness of wireless communication systems.  

Goldsmith provides an in-depth analysis of the capacity of wireless 

channels, building on the concepts of information theory. The book covers 

the Shannon capacity of different types of channels, including additive 

white Gaussian noise (AWGN) channels and fading channels, and discusses 

the impact of bandwidth, power, and noise on channel capacity. The book 
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discusses various multiple access techniques that allow multiple users to 

share the same spectrum, including Time Division Multiple Access 

(TDMA), Frequency Division Multiple Access (FDMA), Code Division 

Multiple Access (CDMA), and Orthogonal Frequency Division Multiple 

Access (OFDMA). It explores the trade-offs and performance of these 

techniques in different wireless communication scenarios. Adaptive 

techniques that adjust modulation and coding schemes based on channel 

conditions are covered.  

The book explains how these techniques can optimize the 

performance of wireless systems by balancing data rate, error performance, 

and power consumption. Multiple Input Multiple Output (MIMO) 

technology, which uses multiple antennas at both the transmitter and 

receiver to improve communication performance, is thoroughly explored. 

The book covers the principles of MIMO systems, including spatial 

multiplexing, diversity gain, and the trade-offs between complexity and 

performance. The book also delves into the architecture and protocols of 

wireless networks, including cellular networks, ad hoc networks, and sensor 

networks. It discusses the design and optimization of network protocols for 

efficient and reliable communication. 

 Goldsmith discusses the practical aspects of designing wireless 

communication systems, including link budgets, power control, and 

resource allocation. The book also covers the challenges of implementing 

wireless systems, such as hardware constraints, regulatory issues, and 

environmental considerations. The book concludes with discussions on 

advanced topics and emerging technologies in wireless communication, 

such as cognitive radio, cooperative communication, and ultra-wideband 
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(UWB) systems. It also touches on the future of wireless communications, 

including the development of 5G and beyond. This book is an essential 

textbook that provides a comprehensive and rigorous treatment of wireless 

communication systems. It covers a broad range of topics, from 

fundamental concepts to advanced technologies, making it a valuable 

resource for students, researchers, and professionals in the field of wireless 

communications. The book effectively bridges the gap between theory and 

practice, offering insights that are critical for the design and analysis of 

modern wireless communication systems.[13] 

2.7.5 OFDM for Wireless Multimedia Communications 

Ramjee Prasad.et.al, is a detailed study of Orthogonal Frequency 

Division Multiplexing (OFDM), they began with an introduction to the 

concept of OFDM, explaining its role in overcoming issues such as 

multipath fading and interference in wireless channels. It highlights how 

OFDM divides a high-data-rate stream into multiple lower-rate streams, 

each transmitted over a different subcarrier, which is crucial for maintaining 

data integrity in challenging wireless environments. The authors cover the 

basic principles of OFDM, including the use of Fast Fourier Transform 

(FFT) for efficient implementation. They discuss the orthogonality of 

subcarriers, which allows for overlapping spectra without interference, 

maximizing the use of available bandwidth. The book explores the 

characteristics of wireless channels, including path loss, shadowing, and 

fading. It examines how these factors affect OFDM systems and discusses 

the modeling of such channels to design robust OFDM systems. Different 

modulation schemes used in OFDM, such as QAM (Quadrature Amplitude 
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Modulation) and PSK (Phase Shift Keying), are discussed in detail. The 

book also covers channel coding techniques, such as convolutional codes 

and turbo codes that enhance error resilience in OFDM systems. Accurate 

synchronization is critical for OFDM systems to maintain orthogonality 

among subcarriers. 

 The book discusses synchronization techniques, including timing 

and frequency synchronization, and methods for channel estimation to 

compensate for channel effects during transmission. Practical aspects of 

OFDM system design are covered, including the choice of parameters like 

subcarrier spacing, guard intervals, and pilot signals. The book also 

addresses the trade-offs involved in these design choices to optimize system 

performance for different scenarios.  

One of the key challenges in OFDM systems is the high Peak-to-

Average Power Ratio (PAPR), which can lead to power inefficiency and 

nonlinear distortion. The authors discuss various techniques to reduce 

PAPR, including clipping, coding, and selective mapping. The book delves 

into the integration of OFDM with Multiple Input Multiple Output (MIMO) 

technology, which further enhances data rates and reliability. It covers 

MIMO-OFDM system architecture, space-time coding, and the advantages 

of combining these technologies for wireless multimedia communications. 

The authors examine the application of OFDM in various wireless 

communication standards, such as Wi-Fi (IEEE 802.11), WiMAX (IEEE 

802.16), and 4G LTE. They discuss the specific adaptations of OFDM in 

these standards to meet the requirements of different applications, including 

multimedia streaming.  
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The book includes a thorough analysis of the performance of OFDM 

systems under different conditions. It explores techniques for optimizing 

system performance, including adaptive modulation, power control, and 

dynamic resource allocation. The application of OFDM in wireless 

multimedia communications is highlighted, with a focus on its ability to 

support high data rates required for video streaming, real-time gaming, and 

other bandwidth-intensive applications. The authors discuss how OFDM 

systems can be designed to ensure Quality of Service (QoS) for these 

applications. Finally, the book looks at the future of OFDM technology, 

including its role in emerging wireless systems like 5G and beyond. The 

authors discuss ongoing research and potential advancements that could 

further enhance OFDM's capabilities. The thesis is a comprehensive guide 

to understanding and designing OFDM systems, particularly for multimedia 

applications. 

 It combines theoretical foundations with practical insights, making it 

an essential resource for researchers, engineers, and students involved in the 

field of wireless communications. The book effectively addresses both the 

challenges and opportunities presented by OFDM technology in the context 

of modern and future wireless networks.[12] 

2.7.6 LTE/LTE-Advanced for Mobile Broadband 

Erik Dahlman.et.al, is a comprehensive textbook that provides an in-

depth look at the development, design, and performance of LTE (Long 

Term Evolution) and LTE-Advanced, which are key technologies in the 

evolution of mobile broadband. The book is not a thesis but serves as a 

detailed resource for understanding how LTE and LTE-Advanced meet the 



37 
 

demands for high-speed, high-capacity mobile communication. The book 

begins with an overview of the evolution of mobile broadband, leading to 

the development of LTE and its advanced version, LTE-Advanced. It 

explains the motivations behind LTE, such as the need for higher data rates, 

reduced latency, and improved spectral efficiency, which were driven by 

the exponential growth in mobile data traffic. The authors detail the 

architecture of LTE, focusing on the Evolved Packet Core (EPC) and the 

Evolved Universal Terrestrial Radio Access Network (E-UTRAN). 

 The book explains how LTE uses a flat IP-based architecture to 

simplify network operations and support a wide range of services. Key 

protocols, such as the Radio Resource Control (RRC) and the Packet Data 

Convergence Protocol (PDCP), are also covered. A significant portion of 

the book is dedicated to the LTE physical layer. It discusses how LTE uses 

Orthogonal Frequency Division Multiple Access (OFDMA) for downlink 

and Single Carrier Frequency Division Multiple Access (SC-FDMA) for 

uplink to achieve high data rates and robustness against multipath fading. 

The authors also cover important concepts like MIMO (Multiple Input 

Multiple Output) technology, channel coding, and modulation schemes. 

 The book goes into detail about the enhancements introduced in 

LTE-Advanced, which was developed to meet the requirements of IMT-

Advanced (International Mobile Telecommunications-Advanced) standards 

for 4G networks. Key features include Carrier Aggregation (which allows 

combining multiple frequency bands to increase bandwidth), enhanced 

MIMO techniques, and Coordinated Multipoint (CoMP) transmission and 

reception to improve coverage and capacity in challenging environments. 

LTE’s ability to operate in a wide range of frequency bands and its flexible 
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spectrum usage are thoroughly discussed. The authors explain how LTE 

supports both Frequency Division Duplex (FDD) and Time Division 

Duplex (TDD) modes and how these modes are used to optimize spectrum 

efficiency and support global deployment. Managing interference is crucial 

in LTE networks, especially as the network density increases. The book 

covers various interference management techniques, including inter-cell 

interference coordination (ICIC) and advanced receiver algorithms.  

These techniques are essential for ensuring high-quality service in 

densely populated urban areas. The authors provide insights into the 

practical aspects of deploying LTE networks, including planning, rollout 

strategies, and challenges faced during deployment. The book also looks at 

the ongoing evolution of LTE, including its role in the transition to 5G and 

the continued development of LTE technologies to support emerging use 

cases like IoT and machine-to-machine communication. LTE/LTE-

Advanced for Mobile Broadband by Erik Dahlman, is an authoritative guide 

to understanding the intricacies of LTE and LTE-Advanced technologies. It 

serves as an essential resource for engineers, researchers, and students who 

are involved in the design, deployment, and optimization of modern mobile 

broadband networks. The book provides a detailed explanation of the 

technical concepts, standards, and practical considerations that make LTE 

and LTE-Advanced the backbone of today’s mobile communications, while 

also looking forward to their role in future 5G networks.[31] 
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2.7.7 OFDMA System Design and Performance Analysis using 

MATLAB 

K. Lata.et.al, focuses on the design and performance evaluation of an 

Orthogonal Frequency Division Multiple Access (OFDMA) system using 

MATLAB. The thesis begins with an introduction to OFDMA, which is a 

multi-user version of Orthogonal Frequency Division Multiplexing 

(OFDM). OFDMA allows multiple users to transmit simultaneously by 

allocating different subcarriers to different users, making it a crucial 

technology for modern wireless communication systems, especially in 4G 

and 5G networks. The authors detail the design process of an OFDMA 

system using MATLAB. This includes the implementation of key 

components like the transmitter and receiver, subcarrier allocation, 

modulation schemes, and synchronization mechanisms. 

 They explore the practical aspects of OFDMA, such as subcarrier 

spacing, cyclic prefix insertion, and the impact of channel conditions on 

system performance. The thesis conducts a comprehensive performance 

analysis of the designed OFDMA system under various scenarios. This 

includes evaluating metrics such as Bit Error Rate (BER), Signal-to-Noise 

Ratio (SNR), and spectral efficiency. The authors simulate different channel 

models (e.g., AWGN, Rayleigh fading) to understand the robustness of 

OFDMA in varying conditions. They also compare the performance of 

different modulation schemes (e.g., QPSK, QAM) within the OFDMA 

framework. A significant portion of the thesis is dedicated to MATLAB 

simulations.  

The authors provide detailed explanations of the MATLAB code 

used for system design and performance evaluation. The simulations 
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demonstrate how different parameters affect the performance of the 

OFDMA system, providing insights into the optimal configuration for real-

world applications. The results section presents the outcomes of the 

simulations, showing the relationship between system parameters and 

performance metrics.  

The authors discuss the trade-offs involved in system design, such as 

the balance between spectral efficiency and error rates, and how these trade-

offs influence the overall performance of the OFDMA system. The thesis 

concludes by summarizing the key findings, emphasizing the effectiveness 

of OFDMA in achieving high spectral efficiency and robustness in wireless 

communications. The authors also suggest potential areas for future 

research, such as exploring advanced subcarrier allocation algorithms and 

integrating OFDMA with other emerging technologies like Massive MIMO. 

This thesis is a valuable resource for understanding the design and 

performance aspects of OFDMA systems, particularly in the context of 

MATLAB simulations.[32] 

2.7.8 Channel Coding Techniques for OFDM Systems 

Stephan Kaiser.et.al, focuses on improving the reliability and 

efficiency of Orthogonal Frequency-Division Multiplexing (OFDM) 

systems through advanced channel coding methods. The thesis begins by 

explaining the OFDM system's fundamentals and the importance of channel 

coding to mitigate errors and improve data integrity in wireless 

communications. Kaiser reviews traditional channel coding techniques, 

such as Convolutional Codes and Block Codes, and their application to 

OFDM systems. The core of the thesis discusses more sophisticated coding 
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strategies including Turbo Codes, LDPC (Low-Density Parity-Check) 

Codes, and their integration with OFDM systems.  

The benefits of these techniques, such as improved error performance 

and higher data rates, are analyzed. Kaiser presents simulations and 

experimental results demonstrating the performance of various coding 

schemes under different channel conditions. The results highlight how 

advanced coding techniques enhance OFDM system performance, 

especially in challenging environments. The thesis concludes with a 

summary of key findings and suggests directions for future research, 

including the exploration of new coding methods and their adaptation to 

emerging OFDM-based communication systems.  

Overall, the thesis provides a comprehensive analysis of how channel 

coding can be optimized for OFDM systems to enhance their performance 

and reliability.[33] 

2.7.9 Simulation and Analysis of OFDMA Using MATLAB 

Raj Jain.et.al, explores the simulation and performance evaluation of 

Orthogonal Frequency-Division Multiple Access (OFDMA) systems using 

MATLAB. Jain introduces OFDMA as a key technology in modern 

wireless communication systems, highlighting its advantages such as 

efficient spectrum utilization and resistance to multipath fading. The thesis 

explains the fundamental principles of OFDMA, including how it divides 

the available bandwidth into multiple orthogonal subcarriers to serve 

multiple users simultaneously. Jain details the MATLAB-based simulation 

framework developed for analyzing OFDMA systems. This includes setting 
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up the simulation environment, designing the OFDMA system model, and 

implementing various parameters and algorithms. 

 The study evaluates OFDMA performance using several metrics 

such as throughput, spectral efficiency, and bit error rate (BER). Jain 

compares these metrics under different scenarios and conditions to assess 

the system’s robustness and efficiency. The thesis presents simulation 

results and discusses their implications. Jain provides insights into how 

factors like subcarrier allocation, power control, and user distribution 

impact OFDMA system performance. Jain concludes with a summary of 

key findings and suggests potential improvements and areas for further 

research, such as optimizing resource allocation strategies and exploring 

new modulation techniques.  

Overall, the thesis provides a thorough examination of OFDMA 

systems through simulation, offering valuable insights into their 

performance characteristics and potential areas for enhancement.[34] 
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CHAPTER 3  

METHODOLOGY 

3.1 Introduction 

This chapter outlines the approach taken to design and evaluate the 

performance of an Orthogonal Frequency Division Multiple Access 

(OFDMA) system using MATLAB. This chapter provides a step-by-step 

explanation of the system design, simulation setup, and performance 

evaluation techniques employed in this project. 

3.2 System Model 

The OFDMA system model was designed based on the principles of 

orthogonal frequency division multiplexing (OFDM) with multiple access 

capabilities. The system model includes the following components: 

1. Transmitter: The data is first encoded and modulated using a 

chosen modulation scheme (e.g., QPSK, 16-QAM). 

2. OFDMA Modulator: The modulated data is divided into 

multiple subcarriers using an Inverse Fast Fourier Transform 

(IFFT) to create the OFDM symbols. 

3. Channel Model: The transmitted signal is passed through a 

simulated channel, which may include Additive White 

Gaussian Noise (AWGN) and multipath fading effects. 
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4. OFDMA Demodulator: The received signal is processed using 

a Fast Fourier Transform (FFT) to retrieve the original data 

from the subcarriers. 

5. Receiver: The demodulated data is decoded to recover the 

original information. 

 

Figure ‎3-1 block diagram representing the system model of an OFDMA system 

3.3 System Design 

Here's a detailed flowchart for the design and performance evaluation 

of an OFDMA system using MATLAB, along with an explanation of each 

step: 
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Figure ‎3-2 Flowchart for OFDMA System Design 

Start  

Define System Parameters 

Generate and Modulate Data 

Perform IFFT 

Add Cyclic Prefix 

Channel Modeling 

Remove Cyclic Prefix 

Demodulate and Decode Data 

Calculate Performance Metrics 

Analyze Results and Plot BER, Throughput, etc 

End   
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Detailed Explanation of Each Step: 

Start: Begin the simulation process by setting up the environment in 

MATLAB. Define System Parameters: Define key system parameters such 

as the number of subcarriers, bandwidth, subcarrier spacing, symbol 

duration, cyclic prefix, modulation scheme, and the number of users. 

Generate and Modulate Data: Generate random data bits for each user and 

modulate the data using a chosen modulation scheme (e.g., 16-QAM). 

Perform IFFT (Time Domain Conversion): Convert the frequency-domain 

modulated data into time-domain signals using the Inverse Fast Fourier 

Transform (IFFT). Add Cyclic Prefix: Add a cyclic prefix to each OFDMA 

symbol to mitigate inter-symbol interference (ISI). 

 Channel Modeling (AWGN/Fading): Model the channel by adding 

noise (e.g., AWGN) and possibly including multipath fading (e.g., Rayleigh 

or Rician fading). Remove Cyclic Prefix: Remove the cyclic prefix from the 

received signal to retrieve the original OFDMA symbols. Perform FFT 

(Frequency Domain Conversion): Convert the time-domain signal back to 

the frequency domain using the Fast Fourier Transform (FFT). Demodulate 

and Decode Data: Demodulate the received symbols to recover the original 

data bits for each user. Calculate Performance Metrics: Calculate key 

performance metrics such as Bit Error Rate (BER), throughput, and spectral 

efficiency. Analyze Results and Plot BER, Throughput, etc.: Analyze the 

results by varying parameters like SNR, number of users, and modulation 

schemes. Plot the BER vs. SNR curve and other relevant metrics. End: 

Conclude the simulation and performance evaluation process. 

This flowchart (Figure 3.2) and detailed explanation outline the step-

by-step process of designing and evaluating an OFDMA system in 
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MATLAB. By following this flow, we can effectively simulate and analyze 

the performance of the OFDMA system. 

3.4 Simulation Parameter 

When simulating and evaluating the performance of an Orthogonal 

Frequency Division Multiple Access (OFDMA) system in MATLAB, it's 

essential to set up simulation parameters that reflect real-world conditions. 

Below is a detailed explanation of the key parameters involved in the 

design, along with their mathematical background: 

System Parameters: These parameters define the overall 

characteristics of our OFDMA system: Number of Subcarriers (N):  

Defines the number of orthogonal subcarriers used in the OFDMA system. 

Typical values are 64, 128, 256, 512, and 1024. N represents the total 

bandwidth divided into N subcarriers. Bandwidth (B): Total bandwidth 

available for the system (equation 4.1). Typical values are 5 MHz, 10 MHz 

and 20 MHz. B directly influences the spacing of subcarriers. 

 ∆f = 
 

 
   (4.1) 

Subcarrier Spacing (∆f): Spacing between adjacent subcarriers, 

calculates from equation (4.1). For B = 20 MHz and N = 1024, ∆f = 19.53 

kHz. Symbol Duration (TS): represents Time duration of one OFDMA 

symbol (equation 4.2). 

 TS = 
 

   
 (4.2) 

Example: TS = 
 

         
 ≈ 51.2 µs 
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Cyclic Prefix Duration (TCP): Duration of the cyclic prefix to combat 

inter-symbol interference. Typical values are 1/4 or 1/8 of TS. 

 TCP = 
  

  
 or 

  

  
 (4.3) 

Modulation Scheme: Determines the modulation method for 

subcarriers (e.g., QPSK, 16-QAM, 64-QAM). The modulation scheme 

affects the data rate and Bit Error Rate (BER). Number of Users (U): 

Number of users sharing the OFDMA system. Example value: 4, 8, 16, etc. 

Channel Model: The channel model simulates the wireless 

environment: Channel Type: Includes Additive White Gaussian Noise 

(AWGN) and multipath fading channels (e.g., Rayleigh, Rician). Signal-to-

Noise Ratio (SNR): Measures the strength of the signal relative to the 

background noise. Typical values are Ranges from 0 dB to 30 dB. Fading 

Coefficient: Represents the fading effect, often modeled as a complex 

Gaussian random variable. 

Performance Evaluation Metrics: Evaluate the performance of the 

OFDMA system using various metrics: 

Bit Error Rate (BER): Calculated using the biterr function in 

MATLAB. 

 BER = 
                    

                      
 (4.4) 

Throughput: Data rate that the system can achieve. 

 Throughput = bits per OFDMA symbol * symbols per second (4.5) 

Spectral Efficiency: Efficiency of bandwidth usage. 
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 Spectral efficiency = 
          

         
 (4.6) 

3.5 Simulation Flow: 

Designing and evaluating the performance of an OFDMA 

(Orthogonal Frequency Division Multiple Access) system using simulation 

involves several key steps. Below is a typical simulation flow: 

3.5.1 System Design and Parameters Setup 

First Defines System Requirements by establishing the key 

objectives such as throughput, BER (Bit Error Rate), latency, etc. second, 

Set System Parameters such as Bandwidth: Total available bandwidth for 

the OFDMA system. Subcarriers: Number of subcarriers, subcarrier 

spacing, and guard bands. Modulation Scheme: Common schemes include 

QPSK, 16-QAM, 64-QAM. Number of Users: Total number of users and 

their allocation to subcarriers. Channel Model: Define the channel model 

(e.g., AWGN, Rayleigh fading, etc.). Power Allocation to illustrate Power 

control strategies across subcarriers and users. 

3.5.2 System Modeling 

First, Transmitter Design: Generate random data bits for each user, 

Map bits to symbols using the selected modulation scheme, Apply IFFT to 

convert the frequency-domain signal to time-domain for each user, Add a 

cyclic prefix to combat inter-symbol interference (ISI), Map modulated 

symbols to the appropriate subcarriers. 
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Second, Channel Modeling: Simulate the wireless channel, including 

path loss, multipath fading, and Doppler effects, after that Introduce noise 

according to the channel model (e.g., AWGN noise). 

Last, Receiver Design: Discard the cyclic prefix to obtain the original 

signal, Apply FFT to convert the time-domain signal back to the frequency 

domain, Map the received symbols back to bits, apply decoding techniques 

to correct any errors, after that reconstruct the data stream for each user. 

3.5.3 Performance Evaluation 

To evaluate the performance of an OFDMA system we must compare 

the transmitted and received bits to calculate the BER, Evaluate the system 

throughput by measuring the data rate achieved, Assess how efficiently the 

bandwidth is utilized and analyze power consumption versus performance. 

3.5.4 Optimization and Fine-tuning 

We run simulations under different channel conditions, mobility 

scenarios, and user distributions then compare simulation results with 

theoretical limits or standards like OFDM. 

3.5.5 Result Visualization and Analysis 

We add Graphical Representation by plot BER vs. SNR, throughput 

vs. number of users, and other key performance metrics, Analyze trade-offs 

between different system parameters (e.g., BER vs. spectral efficiency, and 

finally Summarize findings, highlight key insights, and discuss the 

implications of our results in the upcoming chapter. 
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This flow  implemented in MATLAB using appropriate functions for 

OFDM and MIMO, including FFT, IFFT, AWGN, qammod, qamdemod, 

and custom coding blocks for equalization, channel modeling, and more. 

3.6 Chapter Summary 

This chapter detailed the methodology used in the design and 

performance evaluation of the OFDMA system using MATLAB. The 

system model, simulation setup, and performance evaluation techniques 

were discussed in detail, providing a comprehensive overview of the 

approach taken to achieve the project objectives. The next chapter will 

present the results obtained from the simulations and analyze our 

implications. 
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CHAPTER 4  

RESULTS AND DISCISSIONS  

4.1 Introduction 

This chapter presents the results obtained from performance analysis 

of the Orthogonal Frequency Division Multiple Access (OFDMA) system 

using MATLAB. The results are systematically analyzed and discussed in 

relation to the performance metrics such as Bit Error Rate (BER), Signal-to-

Noise Ratio (SNR), throughput, and the impact of various system 

parameters. Comparisons with theoretical expectations and prior studies are 

also discussed to validate the simulation results. 

4.2 Simulation Setup and Configuration 

The OFDMA system was simulated in MATLAB, with key 

parameters set according to typical standards used in wireless 

communication systems. The primary focus was on the Modulation 

Schemes such as Quadrature Phase Shift Keying (QPSK) and 16-QAM 

(Quadrature Amplitude Modulation) were employed to evaluate system 

performance. Also, Channel Models where both Additive White Gaussian 

Noise (AWGN) and Rayleigh fading channels were used to simulate real-

world communication environments. Also, Subcarrier Allocation where a 

fixed number of subcarriers were allocated per user, with power distribution 

being equal across subcarriers. Finally, Performance Metrics where BER 
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and throughput were the primary performance metrics used to evaluate the 

system's efficiency under varying conditions. 

4.3 Scenario 1 (Different Modulation Schemes) 

The simulation compares the Bit Error Rate (BER) performance of 

QPSK, 16-QAM, and 64-QAM under varying Signal-to-Noise Ratio (SNR) 

values. The modulation schemes are evaluated for an OFDM system with 

64 subcarriers, 1000 OFDM symbols, 2 users, and a cyclic prefix length of 

16. 

SNR BER for QPSK BER for 16QAM BER for 46QAM 

0 0.211 0.309 0.363 

2 0.145 0.278 0.344 

4 0.0811 0.234 0.320 

6 0.0345 0.185 0.292 

8 0.00903 0.131 0.259 

10 0.00112 0.0786 0.223 

12 0.000391 0.0385 0.175 

14 0.000 0.0124 0.126 

16 0.000 0.00230 0.0775 

18 0.000 0.000207 0.0371 

20 0.000 0.000 0.0133 
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Table ‎4-1 BER for Different Modulation Schemes at Selected SNR Values 

From (Table 4.1), QPSK offers a balance between spectral efficiency 

and error performance at 10 dB SNR, the BER is approximately 1.12 *     

which is reasonable for moderate-SNR environments, The BER reaches 

near-zero at around 12 dB SNR, making it suitable for mid-range SNR 

scenarios. 16-QAM shows a noticeable BER at lower SNR values due to its 

higher spectral efficiency and increased susceptibility to noise at 10 dB 

SNR, the BER is approximately 7.86*     but it improves significantly as 

SNR increases at 18 dB SNR, the BER drops to 2.07*     indicating better 

performance at higher SNR. 64-QAM, the most bandwidth-efficient 

modulation scheme, performs the worst at lower SNR values at 10 dB SNR, 

the BER is around 2.23*     reflecting its high sensitivity to noise, to 

achieve reasonable BER performance, an SNR of 20 dB or higher is 

required, where the BER falls to 1.33*     ( see Figure 4.1). 
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Figure ‎4-1 BER for Different Modulation Schemes at Selected SNR Values 

The BER vs. SNR analysis for different modulation schemes reveals 

important trade-offs between robustness and spectral efficiency. BPSK, 

being the simplest modulation scheme, is the most resilient to noise and 

achieves near-zero BER at low SNR values. However, its spectral 

efficiency is low due to transmitting only 1 bit per symbol. QPSK improves 

spectral efficiency by transmitting 2 bits per symbol but requires slightly 

higher SNR to maintain low BER. It strikes a good balance between error 

performance and data rate, making it suitable for moderate SNR 

environments. As we move to higher-order modulation schemes like 16-

QAM and 64-QAM, the spectral efficiency increases, but this comes at the 

cost of increased susceptibility to noise. 16-QAM, transmitting 4 bits per 

symbol, shows reasonable BER performance at SNRs above 16dB. 

However, it requires higher SNR compared to QPSK for acceptable error 

rates.  64-QAM, the most spectrally efficient scheme, is highly sensitive to 

noise, with BERs at low SNRs being significantly worse than other 

schemes.  
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4.4 Scenario 2 (Single vs. Multiple Users) 

The simulation compares the Bit Error Rate (BER) performance, 

throughput and spectral efficiency single and multiple users (10, 20, 50, and 

100) under varying Signal-to-Noise Ratio (SNR) values. The modulation 

schemes are evaluated for an OFDM system with 64 subcarriers, 1000 

OFDM symbols, 16QAM, and a cyclic prefix length of 16. 

SNR dB BER Throughput bps Spectral 

efficiency 

bps/Hz 

0 0.0000729 2000 2000 

5 0.0000537 3038.99 3038.99 

10 0.0000202 3636.36 3636.36 

15 0.00000156 3877.39 3877.39 

20 0.00 3960.4 3960.4 

25 0.00 3987.39 3987.39 

30 0.00 3996 3996 

Same performance metric for 10 users 

0 0.0000766 20000 2000 

5 0.0000529 30389.88 3038.99 

10 0.0000204 36363.64 3636.36 

15 0.00000141 38773.86 3877.39 
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20 0.00 39603.96 3960.4 

25 0.00 39873.91 3987.39 

30 0.00 39960.04 3996 

Same performance metric for 50 users 

0 0.0000769 100000 2000 

5 0.0000529 151949.39 3038.99 

10 0.0000194 181818.18 3636.36 

15 0.00000151 193869.31 3877.39 

20 0.00 198019.80 3960.4 

25 0.00 199369.54 3987.39 

30 0.00 199800.20 3996 

Same performance metric for 1000 users 

0 0.0000772 200000 2000 

5 0.0000527 303898.77 3038.99 

10 0.0000195 363636.36 3636.36 

15 0.00000146 387738.63 3877.39 

20 0.000000000625 396039.60 3960.4 

25 0.00 398739.08 3987.39 

30 0.00 399600.40 3996 

Table ‎4-2 BER for Different number of users at Selected SNR Values 
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(Table 4.2) In single-user scenarios, the BER is low due to a high 

effective Signal-to-Noise Ratio (SNR), leading to minimal errors. 

Conversely, in multi-user environments (e.g., with 50 users), the BER tends 

to increase as user interference grows. Each user's effective SNR decreases 

because the total power is shared among more users, raising the probability 

of bit errors. 

Throughput is maximized for a single user, who can fully utilize the 

available bandwidth without interference. In multi-user systems, total 

throughput initially increases with the number of users, as more data is 

transmitted overall. However, after reaching a certain threshold, additional 

users can cause a decline in throughput per user due to reduced effective 

SNR and increased interference. This saturation occurs because, while total 

throughput might rise, the diminishing SNR and greater channel contention 

can hinder individual user performance. 

Spectral efficiency is high for single users since they access the full 

bandwidth with minimal interference. In multi-user scenarios, spectral 

efficiency remains relatively high. Efficient resource allocation and user 

management are essential to optimize performance and prevent degradation 

(Figure 4.2). 
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Figure ‎4-2 performance metric diagram for Different number of users at Selected 

SNR Values 

4.5 Scenario 3: AWGN vs. Rayleigh Fading Channels 

We analyze and compare the performance of a 16-QAM modulation 

scheme under two channel conditions: Additive White Gaussian Noise 

(AWGN) and Rayleigh fading. The comparison focuses on a 20-user 

scenario, evaluating key performance metrics including Bit Error Rate 

(BER), throughput, and spectral efficiency across varying Signal-to-Noise 

Ratio (SNR) values. 

SNR BER throughput spectral efficiency  

AWGN Rayleigh  AWGN Rayleigh AWGN Rayleigh 

0 7.66*     1.23*     40000 40000 2000 2000 

5 5.3*     1.22*     60779.75 60779.75 3038.99 3038.99 

10 1.93*     1.21*     72727.27 72727.27 3636.36 3636.36 

15 1.38*     1.19*     77547.73 77547.73 3877.39 3877.39 
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20 0 1.19*     79207.92 79207.92 3960.4 3960.4 

25 0 1.19*     79747.82 79747.82 3987.39 3987.39 

30 0 1.18*     79920.08 79920.08 3996 3996 

Table ‎4-3 the key performance metrics for a 20-user system under AWGN and 

Rayleigh fading channels  

(Table 4.3) In a 20-user OFDMA system operating under AWGN 

conditions, the Bit Error Rate (BER) generally decreases as the Signal-to-

Noise Ratio (SNR) increases. The absence of multipath fading simplifies 

the channel model, allowing each user to achieve lower BER as SNR 

improves. At higher SNR values (e.g., 20 dB), BER significantly reduces, 

reflecting effective noise management. Although AWGN introduces noise, 

it does not vary with the number of users, maintaining stable and 

predictable performance as more users are added. 

Conversely, in a Rayleigh fading channel, BER is higher than in the 

AWGN scenario, especially at lower and moderate SNR levels. The random 

amplitude variations caused by Rayleigh fading lead to fluctuations in 

signal quality, resulting in increased error rates. While BER improves with 

rising SNR, it remains higher than in AWGN conditions due to ongoing 

fading effects. Rayleigh fading introduces amplitude fluctuations from 

multipath propagation, which can cause deep fades where signal strength 

drops significantly, further increasing BER. Even at higher SNR, the 

unpredictable nature of fading prevents BER from reaching the lower levels 

observed in AWGN scenarios. Thus, Rayleigh fading considerably degrades 

BER performance compared to AWGN due to this variability in signal 

strength. 
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Figure ‎4-3 performance metrics diagram for a 20-user system under AWGN and 

Rayleigh fading channels 

4.6 Scenario 4: Static vs. Mobility 

Here we compare the performance of a 16-QAM modulation scheme 

in two scenarios: static users and users with mobility in an Additive White 

Gaussian Noise (AWGN) channel. The comparison focuses on a 20-user 

scenario, evaluating key performance metrics including Bit Error Rate 

(BER), throughput, and spectral efficiency across varying Signal-to-Noise 

Ratio (SNR) values. 

SNR BER throughput spectral efficiency  

Static  Dynamic  Static Dynamic Static Dynamic 

0 7.66*     7.7*     40000 40000 2000 4000 

5 5.3*     5.28*     60779.75 60779.75 3038.99 4000 

10 1.93*     1.95*     72727.27 72727.27 3636.36 4000 

15 1.38*     1.52*     77547.73 77547.73 3877.39 4000 
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20 0.00 1.56*     79207.92 79207.92 3960.4 4000 

25 0.00 0.00 79747.82 79747.82 3987.39 4000 

30 0.00 0.00 79920.08 79920.08 3996 4000 

Table ‎4-4 the key performance metrics for a 20-user system under static and 

dynamic users 

For static users, the Bit Error Rate (BER) decreases as the Signal-to-

Noise Ratio (SNR) increases. In an AWGN channel, the consistent noise 

level allows for predictable performance, with significantly lower BER at 

higher SNR values (e.g., 20 dB), indicating effective noise management. 

Since static users experience no additional variability in channel conditions, 

performance metrics consistently improve with increasing SNR as the 

effects of noise diminish. 

In contrast, in mobile scenarios, the BER is slightly higher than in 

static cases, particularly at lower SNR values. The introduction of Doppler 

shifts from user movement causes variability in the received signal, leading 

to additional errors. These shifts result in slight frequency variations, 

increasing the BER, especially when the SNR is less favorable. 

Throughput for static users increases with SNR and is generally 

higher due to the stable noise environment, which allows for effective 

bandwidth utilization. Static conditions ensure no interruptions from 

mobility, maximizing throughput as data transmission is efficient. 

Spectral efficiency in static users is relatively high and improves with 

increasing SNR. Stable channel conditions facilitate effective bandwidth 
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usage, leading to efficient data transmission without the additional 

variability introduced by user mobility. 

Overall, while the AWGN channel offers a stable noise environment, 

user mobility introduces slight degradations in performance metrics. The 

Doppler Effect from mobility results in increased BER and decreased 

throughput and spectral efficiency. These findings underscore the impact of 

user movement on communication performance, even in channels with 

constant noise conditions. 

 
 

Figure ‎4-4 performance metrics diagram for a 20-user system under static and 

dynamic users 

4.7 Chapter Summary 

This chapter presented the results and discussion of performance 

analysis of an OFDMA system using MATLAB. The analysis showed how 

different modulation schemes, channel conditions, and system parameters 

impact the performance metrics, including BER and throughput. The 

findings highlight the trade-offs involved in OFDMA system design and 

underscore the need for adaptive techniques to optimize performance in 
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real-world scenarios. The chapter concludes by acknowledging the 

limitations of the study and suggesting directions for future research. 
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CHAPTER 5  

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

In this study, we analyzed the performance of an Orthogonal 

Frequency Division Multiple Access (OFDMA) system in a multiuser 

environment. The performance metrics evaluated included Bit Error Rate 

(BER), throughput, and spectral efficiency, focusing on the impact of 

increasing the number of users, varying modulation schemes, channel 

fading conditions (AWGN vs. Rayleigh), and user mobility. 

The findings from the performance analysis can be summarized as 

follows: 

As the number of users increases, both throughput and spectral 

efficiency decrease due to increased contention for resources. The system 

has to divide the available bandwidth among more users, leading to less 

efficient transmission. BER tends to increase with more users due to higher 

interference and shared channel resources, particularly in scenarios with 

low SNR. 

Modulation Scheme Variations, the higher-order modulation 

schemes, such as 16-QAM, offer better spectral efficiency but result in 

higher BER, especially at lower SNR values. In contrast, lower-order 

schemes like QPSK provide more reliable communication (lower BER) but 

lower spectral efficiency. 
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  In an AWGN environment, the system performs optimally as the 

channel remains constant, resulting in lower BER and higher throughput 

and spectral efficiency. In a Rayleigh fading environment, the BER 

increases significantly due to signal fluctuations caused by multipath 

propagation, leading to reduced throughput and spectral efficiency, 

especially at lower SNR values. 

Effect of User Mobility, User mobility modeled through Doppler 

shifts, introduces additional signal degradation, particularly in fading 

environments like Rayleigh channels. The increased BER and reduced 

throughput in mobile environments highlight the challenges posed by 

mobility in maintaining communication quality. 

Overall, the study demonstrated that OFDMA is effective in 

supporting multiuser communication, but its performance degrades as the 

number of users increases or when subjected to harsher channel conditions 

(Rayleigh fading and user mobility). These results emphasize the trade-off 

between reliability (BER) and efficiency (throughput, spectral efficiency) 

when deploying OFDMA systems in practical environments. 

5.2 Recommendations For The Research 

Based on the performance analysis, several recommendations can be 

made to enhance the operation of OFDMA systems in multiuser 

environments: 

1. Machine Learning for Resource Optimization: Incorporating 

machine learning algorithms to predict traffic patterns, channel 
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conditions, and user mobility can help optimize resource 

allocation and improve system performance dynamically. 

2. Hybrid Access Technologies: Exploring the combination of 

OFDMA with other access technologies, such as non-

orthogonal multiple access (NOMA), could potentially 

increase system capacity and support more users while 

maintaining acceptable levels of BER and throughput. 

3. Network-Level Enhancements: Investigating the integration of 

OFDMA with advanced network-level techniques such as 

coordinated multi-point transmission (CoMP) and massive 

MIMO could significantly enhance the system’s ability to 

manage interference and support large-scale user deployments. 

By following these recommendations and exploring new areas for 

research, OFDMA-based systems can continue to evolve and provide 

reliable, high-performance communication in complex multiuser 

environments, ultimately supporting the needs of future wireless 

communication technologies like 5G and beyond. 
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APPENDIX A 

SIMULATION CODES  

A.1 Different Modulation Scheme Code: 

clear all; close all; clc; 

  
% Parameters 
N = 64; % Number of subcarriers 
M = 64;  % QPSK modulation (M=4 for QPSK) 
numSymbols = 1000; % Number of OFDM symbols 
SNR = 0:2:20; % SNR range in dB 
numUsers = 2; % Number of users 

  
% Generate random data for each user 
data = randi([0 M-1], numUsers, N*numSymbols); 

  
% Modulation 
modData = qammod(data, M); 

  
% IFFT operation 
ifftData = ifft(modData, 2); 

  
% Add cyclic prefix 
cpLength = N/4; 
cpData = [ifftData(:, end-cpLength+1:end), ifftData]; 

  
% Transmit over AWGN Channel 
receivedData = zeros(size(cpData)); 
for k = 1:length(SNR) 
    receivedData(:, :, k) = awgn(cpData, SNR(k), 'measured'); 
end 

  
% Remove cyclic prefix 
rxData = receivedData(:, cpLength+1:end, :); 

  
% FFT operation 
fftData = fft(rxData, 2); 

  
% Demodulation 
demodData = qamdemod(fftData, M); 

  
% Calculate BER 
ber = zeros(numUsers, length(SNR)); 
for k = 1:length(SNR) 
    for u = 1:numUsers 
        [~, ber(u, k)] = biterr(data(u, :), demodData(u, :, k)); 
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    end 
end 

  
% Display Results 
fprintf('SNR (dB)\tBER\t'); 
for k = 1:length(SNR) 
    fprintf('%d\t%.2e\t', SNR(k),ber(u,k)); 
end 

  

  

  
% Plot BER vs SNR 
figure; 
semilogy(SNR, mean(ber, 1), '-o'); 
xlabel('SNR (dB)'); 
ylabel('BER'); 
title('BER vs SNR for OFDMA in AWGN Channel'); 
grid on; 

A.2 Single and Multiple Users Scenario Code: 

% Parameters 
numUsers = 20; % Number of users 
numSymbols = 1000; % Number of symbols per user 
snrRange = 0:5:30; % SNR range in dB 
modScheme = '16QAM'; % Modulation scheme 
bandwidth = 1; % Bandwidth in Hz (for simplicity) 

  
% Initialize metrics 
throughput = zeros(length(snrRange), 1); 
spectralEfficiency = zeros(length(snrRange), 1); 
ber = zeros(length(snrRange), 1); 

  
% Loop over different SNR values 
for j = 1:length(snrRange) 
    snr = snrRange(j); 

  
    % Initialize data containers for all users 
    data = randi([0, 15], numSymbols, numUsers); % 16-QAM has 16 

symbols 
    modData = zeros(numSymbols, numUsers); % Container for modulated 

data 
    receivedData = zeros(numSymbols, numUsers); % Container for 

received data 

  
    % Modulate data for all users 
    for u = 1:numUsers 
        modData(:, u) = qammod(data(:, u), 16); 
    end 

  
    % Transmit and receive data for all users 
    for u = 1:numUsers 
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        receivedData(:, u) = awgn(modData(:, u), snr, 'measured'); % 

Add noise 
    end 

  
    % Demodulate received data for all users 
    demodData = zeros(numSymbols, numUsers); % Container for 

demodulated data 
    for u = 1:numUsers 
        demodData(:, u) = qamdemod(receivedData(:, u), 16); 
    end 

  
    % Compute BER 
    totalBits = numSymbols * numUsers * log2(16); % Total bits for all 

users 
    totalErrors = 0; 
    for u = 1:numUsers 
        [~, userBER] = biterr(data(:, u), demodData(:, u)); 
        totalErrors = totalErrors + userBER; 
    end 
    ber(j) = totalErrors / totalBits; 

  
    % Compute throughput 
    throughput(j) = totalBits / (1 + 10^(-snr/10)); % Simplified 

throughput calculation 

  
    % Compute spectral efficiency 
    spectralEfficiency(j) =  throughput(j) / (bandwidth* numUsers ); % 

bps/Hz per user 
end 

  
% Display results 
disp('SNR (dB) | BER       | Throughput (bps) | Spectral Efficiency 

(bps/Hz)'); 
disp('-----------------------------------------------------------------

----'); 
for j = 1:length(snrRange) 
    fprintf('%7d | %8.2e | %15.2f | %24.2f\n', ... 
        snrRange(j), ber(j), throughput(j), spectralEfficiency(j)); 
end 

  
% Plot results 
figure; 

  
% Plot BER 
subplot(3, 1, 1); 
semilogy(snrRange, ber, '-o'); % Use semilogy for better visualization 
title('BER vs SNR for 20 static Users awgn (16-QAM)'); 
xlabel('SNR (dB)'); 
ylabel('BER'); 

  
% Plot throughput 
subplot(3, 1, 2); 
plot(snrRange, throughput, '-o'); 
title('Throughput vs SNR for 20 static Users awgn(16-QAM)'); 
xlabel('SNR (dB)'); 
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ylabel('Throughput (bps)'); 

  
% Plot spectral efficiency 
subplot(3, 1, 3); 
plot(snrRange, spectralEfficiency, '-o'); 
title('Spectral Efficiency vs SNR for 20 static Users awgn (16-QAM)'); 
xlabel('SNR (dB)'); 
ylabel('Spectral Efficiency (bps/Hz per user)'); 

A.3 AWGN and Reyleigh Fading Code: 

% Parameters 
numUsers = 20; % Number of users 
numSymbols = 1000; % Number of symbols per user 
snrRange = 0:5:30; % SNR range in dB 
modScheme = '16QAM'; % Modulation scheme 
bandwidth = 1; % Bandwidth in Hz (for simplicity) 

  
% Initialize metrics 
throughput = zeros(length(snrRange), 1); 
spectralEfficiency = zeros(length(snrRange), 1); 
ber = zeros(length(snrRange), 1); 

  
% Rayleigh fading channel parameters 
rayleighFactor = 1/sqrt(2); % Scaling factor for Rayleigh fading 

  
% Loop over different SNR values 
for j = 1:length(snrRange) 
    snr = snrRange(j); 

  
    % Initialize data containers for all users 
    data = randi([0, 15], numSymbols, numUsers); % 16-QAM has 16 

symbols 
    modData = zeros(numSymbols, numUsers); % Container for modulated 

data 
    receivedData = zeros(numSymbols, numUsers); % Container for 

received data 

  
    % Modulate data for all users 
    for u = 1:numUsers 
        modData(:, u) = qammod(data(:, u), 16); 
    end 

  
    % Transmit and receive data for all users through Rayleigh fading 

channel 
    for u = 1:numUsers 
        % Simulate Rayleigh fading (random complex Gaussian 

coefficients) 
        rayleighChannel = (randn(numSymbols, 1) + 1i * 

randn(numSymbols, 1)) * rayleighFactor; 

  
        % Apply Rayleigh fading to the transmitted signal 
        fadedSignal = modData(:, u) .* rayleighChannel; 
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        % Add AWGN to the received signal 
        receivedData(:, u) = awgn(fadedSignal, snr, 'measured'); 
    end 

  
    % Demodulate received data for all users 
    demodData = zeros(numSymbols, numUsers); % Container for 

demodulated data 
    for u = 1:numUsers 
        % Equalize the received signal by dividing by the Rayleigh 

channel 
        demodData(:, u) = qamdemod(receivedData(:, u) ./ 

rayleighChannel, 16); 
    end 

  
    % Compute BER 
    totalBits = numSymbols * numUsers * log2(16); % Total bits for all 

users 
    totalErrors = 0; 
    for u = 1:numUsers 
        [~, userBER] = biterr(data(:, u), demodData(:, u)); 
        totalErrors = totalErrors + userBER; 
    end 
    ber(j) = totalErrors / totalBits; 

  
    % Compute throughput 
    throughput(j) = totalBits / (1 + 10^(-snr/10)); % Simplified 

throughput calculation 

  
    % Compute spectral efficiency 
    spectralEfficiency(j) = throughput(j) / (bandwidth * numUsers); % 

bps/Hz per user 
end 

  
% Display results 
disp('SNR (dB) | BER       | Throughput (bps) | Spectral Efficiency 

(bps/Hz)'); 
disp('-----------------------------------------------------------------

----'); 
for j = 1:length(snrRange) 
    fprintf('%7d | %8.2e | %15.2f | %24.2f\n', ... 
        snrRange(j), ber(j), throughput(j), spectralEfficiency(j)); 
end 

  
% Plot results 
figure; 

  
% Plot BER 
subplot(3, 1, 1); 
semilogy(snrRange, ber, '-o'); % Use semilogy for better visualization 
title('BER vs SNR for 20 ststic Users (16-QAM, Rayleigh Fading)'); 
xlabel('SNR (dB)'); 
ylabel('BER'); 

  
% Plot throughput 
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subplot(3, 1, 2); 
plot(snrRange, throughput, '-o'); 
title('Throughput vs SNR for 20c Users (16-QAM, Rayleigh Fading)'); 
xlabel('SNR (dB)'); 
ylabel('Throughput (bps)'); 

  
% Plot spectral efficiency 
subplot(3, 1, 3); 
plot(snrRange, spectralEfficiency, '-o'); 
title('Spectral Efficiency vs SNR for 20 Users (16-QAM, Rayleigh 

Fading)'); 
xlabel('SNR (dB)'); 
ylabel('Spectral Efficiency (bps/Hz per user)'); 

 

A.1 Mobility Code: 

% Parameters 
numUsers = 20; % Number of users 
numSymbols = 1000; % Number of symbols per user 
snrRange = 0:5:30; % SNR range in dB 
modScheme = '16QAM'; % Modulation scheme 
bandwidth = 1; % Bandwidth in Hz (for simplicity) 
numFrames = 10; % Number of frames to simulate for mobility 

  
% Initialize metrics 
throughput = zeros(length(snrRange), 1); 
spectralEfficiency = zeros(length(snrRange), 1); 
ber = zeros(length(snrRange), 1); 

  
% Mobility model parameters 
velocity = 30; % Velocity in m/s 
samplingRate = 1e4; % Sampling rate in Hz 
dopplerShift = (velocity / 3e8) * (0:numSymbols-1); % Doppler shift 

approximation 

  
% Loop over different SNR values 
for j = 1:length(snrRange) 
    snr = snrRange(j); 

  
    % Initialize data containers for all users 
    data = randi([0, 15], numSymbols, numUsers); % 16-QAM has 16 

symbols 
    modData = zeros(numSymbols, numUsers); % Container for modulated 

data 
    receivedData = zeros(numSymbols, numUsers); % Container for 

received data 

  
    % Modulate data for all users 
    for u = 1:numUsers 
        modData(:, u) = qammod(data(:, u), 16); 
    end 
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    % Transmit and receive data for all users through AWGN channel with 

mobility 
    for f = 1:numFrames 
        % Update Doppler shift for mobility effect 
        for u = 1:numUsers 
            % Apply Doppler shift for user mobility 
            dopplerShiftFactor = exp(1i * 2 * pi * dopplerShift' / 

samplingRate); 
            fadedSignal = modData(:, u) .* dopplerShiftFactor; 

  
            % Add AWGN to the received signal 
            receivedData(:, u) = awgn(fadedSignal, snr, 'measured'); 
        end 

  
        % Demodulate received data for all users 
        demodData = zeros(numSymbols, numUsers); % Container for 

demodulated data 
        for u = 1:numUsers 
            % Equalize the received signal (No Rayleigh fading to 

equalize) 
            demodData(:, u) = qamdemod(receivedData(:, u), 16); 
        end 

  
        % Compute BER 
        totalBits = numSymbols * numUsers * log2(16); % Total bits for 

all users 
        totalErrors = 0; 
        for u = 1:numUsers 
            [~, userBER] = biterr(data(:, u), demodData(:, u)); 
            totalErrors = totalErrors + userBER; 
        end 
        ber(j) = ber(j) + totalErrors / totalBits; 

  
        % Compute throughput 
        throughput(j) = throughput(j) + totalBits / (1 + 10^(-snr/10)); 

% Simplified throughput calculation 

  
        % Compute spectral efficiency 
        spectralEfficiency(j) = spectralEfficiency(j) + totalBits / 

(bandwidth * numUsers); % bps/Hz per user 
    end 

  
    % Average the results over all frames 
    ber(j) = ber(j) / numFrames; 
    throughput(j) = throughput(j) / numFrames; 
    spectralEfficiency(j) = spectralEfficiency(j) / numFrames; 
end 

  
% Display results 
disp('SNR (dB) | BER       | Throughput (bps) | Spectral Efficiency 

(bps/Hz)'); 
disp('-----------------------------------------------------------------

----'); 
for j = 1:length(snrRange) 
    fprintf('%7d | %8.2e | %15.2f | %24.2f\n', ... 
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        snrRange(j), ber(j), throughput(j), spectralEfficiency(j)); 
end 

  
% Plot results 
figure; 

  
% Plot BER 
subplot(3, 1, 1); 
semilogy(snrRange, ber, '-o'); % Use semilogy for better visualization 
title('BER vs SNR for 20 Users (16-QAM, AWGN with Mobility)'); 
xlabel('SNR (dB)'); 
ylabel('BER'); 

  
% Plot throughput 
subplot(3, 1, 2); 
plot(snrRange, throughput, '-o'); 
title('Throughput vs SNR for 20 Users (16-QAM, AWGN with Mobility)'); 
xlabel('SNR (dB)'); 
ylabel('Throughput (bps)'); 

  
% Plot spectral efficiency 
subplot(3, 1, 3); 
plot(snrRange, spectralEfficiency, '-o'); 
title('Spectral Efficiency vs SNR for 20 Users (16-QAM, AWGN with 

Mobility)'); 
xlabel('SNR (dB)'); 
ylabel('Spectral Efficiency (bps/Hz per user)'); 

 

 

 

 

 

 

 

 

 

 

 


