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1. Introduction 

Orthogonal Frequency Division Multiplexing (OFDM) is a multicarrier modulation technique 

that divides the available spectrum into subcarriers, with each subcarrier containing a low rate data 

stream [1]. The OFDM technique divides the total bandwidth into many narrow sub-channels and 

sends data in parallel [2]. It has various advantages, such as high spectral efficiency, immunity to 

impulse interference and, frequency selective fading without having powerful channel equalizer [3]. 

But one of the major drawbacks of the OFDM system is high PAPR. OFDM signal consists of lot 

of independent modulated subcarriers, which would create the PAPR problem [4]. It is impossible 

to send this high peak amplitude signals to the transmitter without reducing peaks [5]. The high 

peak amplitude of the signal has to reduced, before transmitting the signal. The nature of Wireless 

Local Area Network (WLAN) applications demands high data rates. Naturally dealing with ever 

unpredictable wireless channel at high data rate communications is not an easy task [6]. The idea of 

multi-carrier transmission has surfaced recently to be used for combating the hostility of wireless 

channel as high data rate communications. OFDM is a special form of multi-carrier transmission 

where all the subcarriers are orthogonal to each other. OFDM promises a higher user data rate 

transmission capability at a reasonable complexity and precision [7]. At high data rates, the channel 

distortion to the data is very significant, and it is somewhat impossible to recover the transmitted 

data with a simple receiver. A very complex receiver structure is needed which makes use of 

computationally extensive equalization and channel estimation algorithms to correctly estimate the 

channel, so that the estimations can be used with the received data to recover the originally 

transmitted data [8]. OFDM can drastically simplify the equalization problem by turning the 

frequency selective channel to a flat channel. A simple one-tap equalizer is needed to estimate the 
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channel and recover the data [9].  The subcarriers have proper spacing and pass-band filter shape to 

satisfy orthogonality as shown in Fig. 1. Inter-Symbol Interference (ISI) is reduced completely by 

using a guard band in every OFDM symbol. In OFDM, using guard band is cyclically extended in 

order to avoid Inter-Carrier Interference (ICI) [10]. 

 

 
 

Fig. 1 - OFDM Subcarriers in Frequency Domain [9] 
 

The generic idea that they placed was to use cyclic extension of OFDM symbols instead of 

using empty guard spaces in frequency domain [11]. This effectively turns the channel as 

performing cyclic convolution, which provides orthogonality over dispersive channels when CP is 

longer than the channel impulse response. It is obvious that introducing CP causes loss of signal 

energy proportional to length of CP compared to symbol length, but, on the other hand, it facilitates 

a zero ICI advantage which pays off [12]. By this time, inclusion of Fast Fourier Transform (FFT) 

and CP in OFDM system and substantial advancements in Digital Signal Processing (DSP) 

technology made it an important part of telecommunications landscape. In the 1990s, OFDM was 

exploited for wideband data communications over mobile radio FM channels, High-bit-rate Digital 

Subscriber Lines (HDSL at 1.6Mbps), Asymmetric Digital Subscriber Lines (ADSL up to 6Mbps) 

and Very-high-speed Digital Subscriber Lines (VDSL at 100Mbps) [13]. Digital Audio 

Broadcasting (DAB) was the first commercial use of OFDM technology. Development of  DAB 

started in 1987. By 1992, DAB was proposed and the standard was formulated in 1994. DAB 

services came to reality in 1995 in United Kingdom (UK) and Sweden [14]. The development of 

Digital Video Broadcasting (DVB) started in 1993. DVB along with High-Definition TeleVision 

(HDTV) terrestrial broadcasting standard was published in 1995. At the dawn of the 20th century, 

several WLAN standards adopted OFDM on their physical layers. Development of European 

WLAN standard HiperLAN started in 1995. HiperLAN/2 was defined in June 1999 which adopts 

OFDM in physical layer. Recently IEEE 802.11a in USA has also adopted OFDM in their PHY 

layer. Perhaps of even greater importance is the emergence of this technology as a competitor for 

future 4th Generations (4G) wireless systems [14-15]. These systems, expected to emerge by the 

year 2010, promise to at last deliver on the wireless Nirvana of anywhere, anytime, anything 

communications. Should OFDM gain prominence in this arena, and telecom giants are banking on 
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just this scenario, then OFDM will become the technology of choice in most wireless links 

worldwide. 

 

2. Spectral Efficiency 

In the case of OFDM, a better spectral efficiency is achieved by maintaining orthogonality 

between the subcarriers [16]. When orthogonality is maintained between different subchannels 

during transmission, then it is possible to separate the signals very easily at the receiver side. 

Classical Frequency Division Multiplexing (FDM) ensures this by inserting guard bands between 

sub channels. These guard bands keep the subchannels far enough so that separation of different 

subchannels are possible. Naturally inserting guard bands results to inefficient use of spectral 

resources. Orthogonality makes it possible in OFDM to arrange the subcarriers in such a way that 

the sidebands of the individual carriers overlap and still the signals are received at the receiver 

without being interfered by ICI [17]. 

 

3. Energy Loss 

Unlike CDMA, OFDM receiver collects signal energy in frequency domain, thus it is able to 

protect energy loss at frequency domain [18]. OFDM can be used for high-speed multimedia 

applications with lower service cost. The OFDM transmitter simplifies the channel effect, thus a 

simpler receiver structure is enough for recovering transmitted data. A very simple channel 

estimation (and/or equalization) is needed, if coherent modulation schemes are used. Channel 

estimator is not needed if differential modulation schemes are used 

 

4. Disadvantages of OFDM 

 

Some of the disadvantages of an OFDM system are as follows: 

 

4.1 Peak-to-Average Power Ratio(PAPR) 

 

Peak to Average Power Ratio (PAPR) is proportional to the number of sub-carriers used for 

OFDM systems [19]. An OFDM system with large number of sub-carriers will thus have a very 

large PAPR when the sub-carriers add up coherently. Large PAPR of a system makes the 

implementation of Digital-to-Analog Converter (DAC) and Analog-to-Digital Converter (ADC) to 

be extremely difficult. The design of Radio Frequency (RF) amplifier also becomes increasingly 

difficult as the PAPR increases [20]. 

 

4.2 Strict Synchronization Requirement 

 

OFDM is highly sensitive to time and frequency synchronization errors, especially at frequency 

synchronization errors, everything can go wrong [21]. Demodulation of an OFDM signal with an 

offset in the frequency can lead to a high bit error rate. The source of synchronization errors are 

two, first, one being the difference between local oscillator frequencies in transmitter and receiver, 

secondly, relative motion between the transmitter and receiver that gives Doppler spread. Local 

oscillator frequencies at both points must match as closely as they can [21]. The matching should 

be even more perfect for higher number of subchannels. Motion of transmitter and receiver causes 

the other frequency error. OFDM may show significant performance degradation at high-speed 

moving vehicles. 
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4.3 Co-Channel Interference (CCI) in Cellular OFDM 

In cellular communications systems, CCI is combated by combining adaptive antenna 

techniques, such as sectorization, directive antenna, and antenna arrays. Using OFDM in cellular 

systems will give rise to CCI [22]. Similarly with the traditional techniques, with the aid of beam 

steering, it is possible to focus the receiver’s antenna beam on the served user, while attenuating the 

co-channel interferers. This is significant since OFDM is sensitive to CCI. 

 

5. Problem due to PAPR 

An important limitation of OFDM is that it suffers from a high PAPR resulting from the 

coherent sum of several carriers [23]. This forces the power amplifier to have a large input backoff 

and operate inefficiently in its linear region to avoid intermodulation products.  

 

5.1 The Effects of PAPR 

The large variation in signal power affects both the transmitter and receiver design. This is 

because a very linear power amplifier with a large dynamic range is required at both the transmitter 

and the receiver. Any amplifier nonlinearity will result in a significant signal distortion. OFDM 

must keep its average power below the nonlinear region to accommodate the infrequent signal 

power peaks. But this result in a lower output power and also affects the efficiency and the range of 

the signal. Thus a careful design will compensate the distortion and the output power. In order to 

select an average input level, it must be assured that the average input level is possible of 

generating sufficient output power with no interference. Higher number of subcarriers used also 

will increase the value of PAPR. PAPR depends on the number of subcarriers and the level of SNR 

that must be maintained at the receiver. High PAPR also affects Digital/Analog (D/A) converters 

negatively and may lower the range of transmission [24] 

 

5.2 PAPR Reduction Schemes  

There have been many new approaches developed during the last few years. To minimize the 

OFDM system performance degradation due to PAPR, several techniques has been explored, each 

with varying degrees of complexity and performance enhancements. [1][2] These schemes can be 

divided into three general categories: 

 

5.2.1 Signal Distortion Techniques   

It reduces the peak amplitudes simply by nonlinearly distorting the OFDM signal at or around 

the peaks. Clipping and Peak Windowing is the simplest way to reduce the PAPR, such that the 

peak amplitude becomes limited to some desired maximum level. Other method is peak 

cancellation, where the out of time band radiation (undesirable effect) can be achieved by 

performing a linear peak cancellation technique, whereby a time shifted and scaled- reference 

function is subtracted from the signal [25]. 

 

5.2.2 Symbol Scrambling Technique 

It scrambles each OFDM symbol with different scrambling sequences and selecting the 

sequence that gives the smallest PAPR. For each OFDM symbol, the input sequence is scrambled 

by a certain number of scrambling sequences. The output signal with the smallest PAPR is 

transmitted [26]. For uncorrelated scrambling sequences, the resulting OFDM signals and 

corresponding PAPR will be uncorrelated, so, if the PAPR for one OFDM symbol has a probability 

p of exceeding a certain level without scrambling, the probability is decreased to p  by using k 

scrambling codes. Hence, symbol scrambling does not guarantee a PAPR below some level, rather, 
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it decreases the probability that high PAPR will occur. Scrambling techniques were first proposed 

in under the names selected mapping and partial transmit sequences. 

 

6. Existing Work Discussion 

Hideki Ochiai et.al, 2019, in their journal has developed a system named “Performance of Block 

Codes with Peak Power Reduction for Indoor Multicarrier Systems”. In this journal, the 

performance of block coding scheme based on complementary sequences, which allows coding 

gain and reduction of peak to average power ratio (PAPR) of multicarrier signals, is evaluated over 

frequency selective Rayleigh fading channel, employing the efficient soft decision decoding 

method. Above all, 8-carrier Quadrature Differential Phase Shift Keying (QDPSK) and 8 

Differential Phase Shift Keying (DPSK) systems exhibit good performance in terms of bit error rate 

improvement, feasibility of practically optimal decoding with a moderate coding rate, and the 

resultant PAPR at most 3dB. Coding method based on the connection of Golay complementary 

sequences and Reed-Muller code is proposed. Though this method may certainly offer flexibility 

for the system requirements, we will focus on the coding strategy of linear block codes since 

encoding is straightforward and computationally efficient yet practically optimal decoding 

algorithm is available. This paper describes the performance of the peak reduction block codes with 

differential detection over frequency selective fading channel and discusses the performance in 

terms of frequency diversity for indoor mobile radio environment, though this system may be also 

applicable to other applications. (Hideki Ochiai et.al, 1998) 

 

Nam Yul Yu, 2018, in journal has developed a system named “A Theoretical Study of Peak-to-

Average Power Ratio in Reed-Muller Coded Multicarrier CDMA”. Reed-Muller codes are studied 

for peak power control in multicarrier code-division multiple access (MC-CDMA) communication 

systems. In a coded MC-CDMA system, the information data multiplexed from users is encoded by 

a Reed-Muller subcode and the codeword is fully-loaded to Walsh-Hadamard spreading sequences. 

The polynomial representation of a coded MC-CDMA signal is established for theoretical analysis 

of the peak-to-average power ratio (PAPR). The Reed-Muller subcodes are then defined in a 

recursive way by the Boolean functions providing the transmitted MC-CDMA signals with the 

bounded PAPR as well as the error correction capability. A connection between the code rates and 

the maxim urn PAPR is theoretically investigated in the coded MC-CDMA. The theoretical study 

shows that the Reed-Muller subcodes are effective coding schemes for peak power control in MC-

CDMA with small and moderate numbers of users, subcarriers, and spreading factors. In this 

journal, he proposes a binary Reed-Muller coded MC-CDMA system employing the Walsh-

Hadamard spreading sequences, and theoretically study its PAPR properties. Most of the efforts on 

PAPR reduction of MC-CDMA have been verified mainly by statistical experiments, where it has 

never been addressed whether it is theoretically bounded. A recursive construction of Boolean 

functions is then presented for the Reed-Muller subcodes, where the PAPR of the MC-CDMA 

signal encoded by the subcode is proven to be theoretically bounded. In conclusion, the Reed- 

Muller codes can be effectively utilized for peak power control in MC-CDMA with small and 

moderate numbers of users, subcarriers, and spreading factors.(Nam Yul Yu, 2010) 

 

7. Summary 

Both of the journals use Reed Muller code as the reduction technique for PAPR. In this project, 

Reed Solomon (RS) code is used. Reed Solomon code has the same characteristic as Reed Muller 

code which is less distortion, no power increase but slightly power rate loss. 
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