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ABSTRACT

Orthogonal frequency division multiplexing (OFDM) technology was adopted as the
downlink and single-carrier FDMA (SC-FDMA) for uplink in the fourth-generation
(4G) whereas as downlink and uplink transmission schemes for the fifth-generation
(5G) communication systems. The high peak average power ratio (PAPR) value is of
particular concern for all communication systems incorporating OFDM technology as
their multiplexing and modulation methods. With cyclic prefixes, time-domain all the
N subcarriers are added up constructively; they produce a peak power by systems
incorporating OFDM, causing the increase of PAPR value. Reducing the PAPR has
become a daunting task for developers of the 4G and 5G cellular communication
systems. Due to the high PAPR value, the system requires exclusively higher power
amplifiers (PA), increasing the systems' price. The main objective of the research is to
assess and identify some techniques that can make up a system capable of
experiencing the lowest possible overall PAPR value. The study's objectives are At
this juncture, conventional OFDM systems use the transform algorithms, namely the
inverse fast Fourier transform (IFFT) and fast Fourier transform (FFT), in the transmit
and receive side, respectively. The research objective also includes investigating the
number of subcarriers used and its effect on the PAPR value. Another objective is to
determine which transform algorithm, including its associated family, experiences the
lowest PAPR value and inspect what type of modulation experienced the lowest
PAPR value. The study also examines the best multiple-input multiple-output
(MIMO) antenna diversity configuration and observes the effect on several channel
model conditions. The research methodology entails the replacement of the
conventional transform algorithm inverse discrete Fourier transform (IDFT) and
discrete Fourier transform (DFT) with inverse discrete Wavelet transform (IDWT) and
discrete Wavelet transform (DWT) in the transmitter and receiver, respectively.
Similar assessments had also been carried out for the discrete cosine transform (DCT)
algorithm. Most members of the Wavelet family had been inspected. Three variations
of the subcarrier, namely 64, 128, and 256, had been appraised. The PAPR values
were thoroughly assessed based on five modulations: the QPSK, 8-PSK, 16-QAM, 32-
QAM, and 64-QAM. The research undertakings also encompass PAPR value
determination observed at the receiver involving MIMO antenna configurations. Three
configurations, such as MIMO 2x2, MIMO 4x4, and MIMO 8x8, had been examined.
Also, three channel-model conditions, such as AWGN+Rayleigh, AWGN+Rician, and
AWGN-+Nakagami, were evaluated. All simulations in determining the PAPR values
were carried out using pseudocode and MATLAB programming language. This study
can observe that a lower number of subcarriers instigates a lower PAPR value. It can
be concluded that the deployment of transform algorithm 'bior 1.1' of the Wavelet
family and 16-QAM modulation with 64 subcarriers and MIMO 4x4 are the best
configuration capable of establishing the lowest PAPR values. The application of
MIMO somehow did not exhibit a significant reduction of PAPR values. The overall
results imply that a Wavelet-based OFDM system with QAM modulation and MIMO-
OFDM will experience the lowest PAPR value. In a nutshell, it had been identified
that a PAPR value of 6.77 dB lower than a conventional OFDM system could be
established at the transmitter, whereas a PAPR value of 3.62 dB lower can be formed
at the receiver.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

Wireless technology has become know-how that keeps on growing non-stop in the
forthcoming years. The popular technologies are namely the wireless global area
network (WGAN), wireless wide area networks (WWAN), wireless local area
networks (WLAN), wireless personal area networks (WPAN), and wireless
broadBand-personal area networks (WB-PAN). Early-stage mobile communication
systems were made up of high-power transmitters, employing analog frequency
modulation techniques. The first generation (1G) system was analog using frequency
division multiple access (FDMA) technology. The main weakness of analog systems
is that they are not robust enough to endure interferences. After successfully
addressing the fragile aspect of 1G systems where digital technology was adapted, a
new era called second-generation (2G) started in most countries worldwide, as
illustrated in Figure 1.1. Digital messaging services to improve security and possibly
standard protocols to allow international services using time division multiple access
(TDMA) and FDMA technology. The 1G systems launched in 1980 satisfied the need
for essential mobile voice services. The evolution was followed by the 2G systems
that were established in 1990. The 2G systems realized the additional capacity and
services requirements. The third-generation (3G) systems were introduced in 2000.
The 3G systems offer fundamental packet data with a higher speed of up to 2Mbps.
The International Mobile Telephone 2000 (IMT 2000) project is responsible for
establishing 3G technology standards. The system was expected to offer 144 kbps

downlink throughput for mobile data during travel, 384 kbps while stationary or at



pedestrian speed, and 2 Mbps in the indoor environment (Mshvidobadze, 2012).
Among the superior 3G technologies are universal mobile telecommunication system-
high speed packet access (UMTS-HSPA), code division multiple access (CDMA)

2000, and enhanced data GSM environment (EDGE).
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2010 2020
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Efficiency Environment
300Mbps friendly
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Figure 1.1: Evolution of Wireless Mobile Communication

The fourth-generation (4G) systems were expected to present much more
significant bandwidth than the previous 3G systems. In 2008, the international
telecommunication union-radio (ITU-R) specified the requirement for 4G standards.
The peak throughput requirement for 4G service is supposed to be at least 100 Mbps
for the device in high mobility environments such as trains or cars. For a low mobility

environment, communication throughput was expected to be at least 1 Gbps. Mobile



4G networks worldwide are using a transmission with a center frequency of about 2.6
GHz. The third generation partnership project, the long-term evolution (3GPP-LTE)
technology, is often branded as "4G-LTE". Downlink speeds of up to 100 Mbps and
uplinks up to 50 Mbps are anticipated for LTE technology bitrate with bandwidth 20
MHz. Higher rates are expected to be achieved by implementing a multiple-input
multiple-output (MIMOQ) antenna configuration (Reddy & Boppana, 2014). Internet
protocol (IP) was then incorporated as part of the 4G network evolution. The packet
technology was being migrated into IP technology for cost reduction and to increase
efficiency. Release 8 (R8) defines the LTE system as a break from the past. It marks
the start of the transition of 4G technologies and networks. Release 9 (R9) offers
enhancements to LTE, including home eNodeBs, for improved coverage. Release 10
(R10) recommendation for LTE advanced is a full-featured 4G system, including the
MIMO 8x8 antenna configuration.

In the cellular communication system on 4G and 5G technology, Orthogonal
Frequency Division Multiplexing (OFDM) is a promising multi-carrier modulation.
OFDM is used for the downlink direction in LTE telecommunication, whereas single-
carrier FDMA (SC-FDMA) is used for the uplink. The LTE signal format based on
OFDM comprises 15 kHz resource elements across different channel bandwidths
varying from 1.4 MHz to 20 MHz. The LTE system can adapt to the number of bits
transmitted between the cell site and mobile stations. The difference of bits is that
different types of modulation, i.e., QPSK, 16-QAM, 64-QAM, are employed or
scheduled based on the quality of the received signal by a mobile station. The multiple
transmission streams between the cell side and mobile station incorporate the adaption
of MIMO arrays, where it might involve MIMO 2x2 and MIMO 4x4. As for the LTE

advanced, the MIMO 8x8 configuration had been proposed.



In an OFDM system, the transmission channel is divided into sub-channel in
which each sub-channel is assigned a subcarrier. When a signal is transmitted through
a non-line of sight (N-LOS) channel, inter symbol interference (ISI) will occur such
that the system performance is degraded. The cyclic prefix (CP) is added to each
symbol to inhibit inter symbol interference (ISI) between adjacent OFDM symbols
and ensures orthogonality between sub-carriers by keeping the OFDM symbol
periodic over the extended symbol duration. However, the cyclic prefix also
introduces ripples in the power spectral density (PSD) of the ultra-wideband (UWB)
signal, thus resulting in a transmit power backoff (Deshmukh; Hasan & Singh,
2012b). The inverse Fourier Transform (IFFT) and FFT are employed to modulate and
demodulate the N subcarrier into quadrature amplitude modulation (QAM)
information symbols at transmitter and receiver. The Fourier-based implementation is
vulnerable to inter-channel interference (ICI) (Abdullah, Sadik, & Hussain, 2009).

OFDM modulated signal comprises many independently modulated
subcarriers, resulting in a large peak average power ratio (PAPR) when added up
coherently. With N number of the same phase signal added together, the result will be
an N peak power times the average power. The method used to add the subcarrier
components occurs during the fast Fourier transform (FFT) operation. High PAPR
poses a severe limitation in an OFDM system because it reduces the signal-to-
quantization noise ratio (SQNR) of the analog-digital converter (ADC) and the digital-
analog converter (DAC). PAPR also reduces the efficiency of the transmit power
amplifier due to the generated access heat. Therefore as the PAPR value increases, the
average power decreases, which reduces the coverage area. To avoid the large
clipping amplitude of OFDM, so an extensive dynamic range of high power amplifier

(HPA) and digital to analog converter (DAC) is needed. Causes of increasing PAPR



values due to power consumption from the dynamic range of HPA and DAC

(Mohammed, Shehata, Nassar, & Mostafa, 2019).

1.2 PROBLEM STATEMENT

The OFDM technique in 4G and 5G technology is causing a high peak average power
ratio (PAPR), which leads the amplifier to operate in the nonlinear region. The
downlink and uplink processes also employ OFDM modulation. OFDM involves a
cyclic prefix used as a guard interval (GI), whose length should exceed the maximum
exceed delay of the multipath propagation channel. The use of a high number of
subcarriers of OFDM symbols that are out of phase with each other will cause high
PAPR values. When many independent modulated subcarriers, the cyclic prefix in the
time domain, are added, they produce a peak power that is N time greater than a
signal's average power, which will have a high PAPR. A significant value of PAPR
can cause the transmitters' power amplifier (PA) to run within the nonlinear operating
region. The instance causes significant signal distortion at the output of the power
amplifier. Also, the high PAPR can cause saturation at the digital-to-analog converter
(DAC), leading to saturation of the PA. The linearity refers to the ability of an
amplifier to produce signals that are accurate copies of the input. Load impedance,
supply voltage, input base current, and power output capabilities can affect the
amplifier's efficiency. The damages to the amplifier can cause expensive repair
expenditures. The PAPR experienced by an OFDM system grouped under the IEEE
802.11a specifications with 52 subcarriers has been identified to be around 17dB

(Prasad, 2004).


http://standards.ieee.org/getieee802/download/802.11a-1999.pdf
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