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Abstract 

Orthogonal Frequency Division Multiplexing (OFDM) is one of the most widely used 

multicarrier transmission and effective technologies in today's communication networks. 

OFDM has many benefits and drawbacks. High Peak to Average Power Ratio (PAPR) is one 

of its main drawbacks. The spectral efficiency of the high-power amplifiers decreases with 

increasing PAPR. Therefore, maintaining a wireless system's efficiency is required to lower 

the PAPR. A possible method for lowering the high PAPR in OFDM systems is Partial 

Transmit Sequence (PTS). PTS generates a number of candidate signals, and the best signal 

with the lowest PAPR is chosen for transmission. The results shows that the PTS technique 

achieves greater PAPR minimization with less complexity. MATLAB simulation has been 

used to examine the OFDM system's PSD, spectral efficiency, BER performance, and PAPR 

analysis. 

Keywords: PAPR, OFDM, PTS, BER, SNR, PSD 

 Introduction 1.

The popularity of multimedia applications has grown significantly in recent years, 

moving people into the era of the fifth generation (5G) of Wireless Communication (WC) 

systems. Because of the growing demand for wireless applications and the exponential 

development in the number of connected users, the current WC infrastructures are saturated 

[1-2]. By assuring ultra-high data rates, ultra-wide radio coverage, a big number of linked 

devices that are extremely efficient and have low latency, researchers and network designers 

are encouraged to develop solutions for these basic difficulties [3].  
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The development of the 5G of wireless networks will be facilitated by wireless 

network solutions utilizing sophisticated and effective technology. 5G needs to be ready to 

handle significant obstacles in order to offer a dependable, secure, and effective 5G network 

[3-4]. When there are many users and there is a limited amount of spectrum, it is crucial for 

WC systems to select such technologies that can efficiently utilize the spectrum and can serve 

the greatest number of users [5-6]. Along with servicing the greatest number of users, the 

main goal is to achieve bandwidth efficiency and resilience in multipath channel 

environments [7-8].  

A Multi Carrier (MC) WC system has the capacity to deliver high-speed data rates at 

extremely cheap costs to a large number of users [3]. The main distinction between a Single 

Carrier (SC) system and a MC system is that in a SC system, a single carrier occupies the full 

available bandwidth, but in an MC system, the available bandwidth is shared among multiple 

subcarriers, each of which has a lesser bandwidth [9]. Because OFDM possesses MC system 

characteristics, studying OFDM is important. Every 4G WC framework uses OFDM frames 

due to its extensive subcarrier limit, high data rate of more than 100 Mbps, and excellent 

adaptability [10]. Along with its benefits, OFDM has one significant disadvantage i.e., a high 

Peak to Average Power Ratio (PAPR).  

The Partial Transmit Sequence (PTS) OFDM approach for PAPR reduction has been 

addressed in this article. A technique for digital modulation is called OFDM. The signal is 

divided into several narrowband channels using OFDM at various frequencies. It is one of the 

key contenders for 4G connectivity. The division of the frequency spectrum into sub-bands is 

the fundamental principle of OFDM. Data is carried via a substantial number of closely 

spaced orthogonal sub carriers [11]. Then, each channel or stream of data is broken into a 

number of parallel sub carriers. Each sub carrier is modulated at a low symbol rate using a 

traditional modulation algorithm, such as QAM or PSK. With the same bandwidth, the 

overall data rate must be kept close to that of the traditional SC modulation system. Because 

having MC causes implementation issues. The main one is that OFDM systems have a high 

PAPR [12-13].  

The output of the OFDM system, which is the superposition of many carriers, causes 

the instantaneous power of the signal to rise in comparison to the system's average power. 

The High-Power Amplifier (HPA) is used to amplify the signals in real-world OFDM 

systems [14-15]. However, because to HPA's constrained linear range, amplifying OFDM 

with high PAPR is particularly challenging. As a result, the non-linearity of HPA might 
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substantially distort OFDM signals with high PAPR, adding more interference to the system 

[13].  

PAPR may decrease when IBO rises. Some in band and out band aberrations are 

caused by the greater IBO. The sole option, then, is to utilize certain PAPR reduction 

approaches to lower the PAPR. Many different strategies have recently been put out for 

lowering the PAPR of an OFDM system. Nevertheless, each of them has drawbacks [12]. 

The pilot symbols and data are subjected to extra nonlinear noise introduced by the clipping 

procedure, which further affects the transmission efficiency.  

PTS is a potential PAPR reduction strategy that doesn't introduce distortion among 

the present techniques [13]. The phase factors are used to rotate the sub-blocks of the OFDM 

signal in PTS for providing a numerous candidate signal. Moreover, the candidate signal 

sections of PTS may be significantly linked; the main issue with PTS is the restricted PAPR 

minimization performance when the candidate signal counts are constant. The high level of 

computation complexity is another issue [10]. In order to increase the performance of PAPR 

minimization, an improved PTS scheme is suggested in this study to decrease the correlation 

between the candidate signals of PTS. A threshold is also included to regulate the 

computational complexity. As a consequence, the suggested method can lower PAPR by a 

greater proportion while being less difficult than traditional PTS [16].  

The article is structured as follows: Section 2 provides an overview of OFDM 

systems, and section 3 describes the PTS method. The results are described in section 4, and 

finally the conclusion is mentioned in section 5. 

 Orthogonal Frequency Division Multiplexing  2.

For 4G cellular networks in particular, OFDM is a well-liked MC technology that is 

frequently used in WCs [4,17]. One of the main characteristics of OFDM is the ease with 

which the transmitted signal is created using IFFT and the ease with which the received data 

is recovered using FFT. A Cyclic Prefix (CP) is added at the transmitter and deleted at the 

receiver for each OFDM block [18,24]. Consecutive OFDM data blocks do not overlap in the 

time domain if the multipath channel's duration does not exceed the CP's duration. Because of 

this, each block may independently conduct the OFDM transmission and receiving [12-13]. 

Additionally, OFDM with CP converts a parallel set of frequency flat single path channels 

from a frequency selective multipath channel into a scalar gain compensation for each 
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subcarrier, permitting a straightforward equalization. One of the key reasons why OFDM is 

so popular for multipath channels is its reduced-complexity equalization. Additionally, 

MIMO systems based on multiple antennas are compatible with OFDM, resulting in a distinct 

MIMO channel for each subcarrier [19-20]. Zero-Padding (ZP) OFDM is a variation of 

OFDM that involves replacing the CP with zeros. The loss of spectral efficiency and capacity 

brought by the CP or the ZP is one of the disadvantages of OFDM. Additionally, each 

subcarrier's signal transmits with non-negligible spectral side-lobes, due to its sensitivity to 

frequency offsets and Doppler factors that obliterate frequency orthogonality and cause inter-

carrier interference [21,25]. Another problem with OFDM is the corresponding nonlinear 

distortion at the transmitter side, which is driven over by HPA. The transmitting amplifier 

must manage a signal with a high PAPR since the signal to be sent is the IFFT combination 

of the signals of many subcarriers [17]. 

 

Figure 1. OFDM block diagram 

 Partial Transmit Sequence 3.

One of the techniques for reducing PAPR that uses less distortion is the PTS 

algorithm. The fundamental principle of the PTS method is to multiply each subsequence of 

the original OFDM sequence by different weight (different phase sequences) until the best 

value is determined [22].  The phase sequences +1, -1, +j, and -j are frequently used. The 

primary phases of PTS involve dividing the data input block into smaller blocks, such that 

each block reflects a specific fraction of the real information. The sub-blocks are then sent to 

an IFFT, where they are multiplied by a corresponding phase value and combined to produce 
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an output signal with a lower PAPR. The input is modulated using BPSK, QPSK, or QAM, 

and the modulated signal serves as the input for the proposed block diagram of PTS [23].  

PTS algorithm is used to separate the N-symbol input data as V disjoint sub-blocks as 

follows: 

0 1 1
[ , , . . . . . . , ]

T

v
X X X X


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Here Xi represents the sub-blocks that are equally spaced apart and sequentially 

arranged. In contrast to the SLM approach, which applies scrambling to all subcarriers, the 
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Here a PTS is represented as x
v
. The phase vector is selected to minimize the PAPR.  
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Accordingly, the time-domain signal with its matching lowest PAPR vector may be 

written as, 

~ ~

1

V v
v
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(6) 

In order to simplify the search process, the phase factors are typically chosen from a 

limited number of elements.  Where, 

2j i

Wb e



 , i=0 to W-1  is the set of possible phase 

factors. The best set of phase vectors must be found by searching W
V-1

 sets of phase factors. 

As a result, the search complexity also increases with respect to the sub-blocks count. The 

PTS method needs 
2

lo g
V

W  bits for side information and V IFFT operations at every data 

block. The PTS technique's PAPR effectiveness is affected by the sub-block partitioning in 

addition to the number of sub-blocks (V) and allowable phase factors (W). The sub-block 



Rama Raja Vamshi, Aitha Shivani, Thipparapu Siddharatha, Mardha Kavya 

Journal of IoT in Social, Mobile, Analytics, and Cloud, September 2022, Volume 4, Issue 3 227 

partitioning methods are pseudo-random, interleaved, and adjacent. The one known to 

perform best among these is the pseudo-random. Finding the most suitable collection of 

phase vectors is difficult for the PTS approach, particularly as the number of sub-blocks 

increases.  

 

Figure 2. PTS method PAPR minimization 

 

Figure 3. Flowchart of PTS method using ant colony optimization 

 Simulation Results 4.

Using MATLAB simulation, the PTS technique's performance for various sub-block 

is evaluated and compared. Performance of PAPR minimization is dependent on the size of 

sub-blocks and the amount of possible phase values. In Figure 4, the PSD for OFDM is 

displayed. The spectrum is normally flat up to a normalized frequency of 0.2. However, the 

sideband of OFDM is relatively broad. 
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Figure 4. PSD 

Figure 5 depicts the Spectral Efficiency of OFDM. The burst's duration is varied 

between 0 and 50 ms to generate it. The SNR vs BER of OFDM is shown in Figure 6. 

     

Figure 5. Spectral Efficiency 

 

Figure 6. SNR vs BER 
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Figure 7 depicts the frequency spectrum of the original OFDM signal, with the 

number of subcarriers to be 8, the number of transmitted symbols equal to 128, and the 

overall frequency being 100 MHz. 

 

Figure 7. Frequency spectrum  

Figure 8 shows the CCDFs for OFDM signals with N = 64, 128, 256, 512, and 1024. 

The simulation findings differ from the theoretical ones as N decreases. 

 

Figure 8. CCDFs of OFDM with different values of N 

The PAPR for traditional OFDM data is greater than 11dB. After utilizing PTS, 

PAPR is lowered below 6dB. The PAPR is reduced by around 5dB.  Therefore, PTS is 

particularly effective in lowering PAPR. 
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Figure 9. PAPR of OFDM using PTS 

 

Figure 10. PAPR of a 16-QAM OFDM with PTS 

The CCDF of PAPR for a 16-QAM OFDM system utilizing PTS is depicted in Figure 

10. As the number of sub-blocks increases, the PAPR performance increases.  

 Conclusion 5.

The PAPR reduction utilizing the PTS approach has been explored in this article. 

Several methods exist to minimize the PAPR in an OFDM. Each PAPR reduction method has 

benefits and drawbacks. The PAPR problem may be reduced substantially more effectively 

using PTS approach, which are demonstrated using graphs. The number of sub-blocks and 

the range of potential phase values determine the effectiveness of the PTS approach. As the 
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number of sub-blocks increases, the PAPR of the OFDM signal can be greatly reduced. 

Theoretical analysis and results demonstrate that the PTS method may minimize PAPR more 

effectively and reduce the complexity.  
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